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WD 2008/ 060315PCT/ US2007/ 006615 ELONGATED

PHOTOVOLTAI,C CELLS I N CASI NGS CRCSS REFERENCE TO

RELATED APPLI CATI ON Thi s applicati.on cl ai ns
WOoreesaedng to U. S. Patent Application No. 11/BTBUS#T/006615

entitl ed kbRt Ey PROTOVOIBAIC ERILILS INCASPNGS'

Casings," filed on March 18, 2006, which is 5hereby

i ncorporated by reference inits entirety. 1. FIELD

Thi s appl ¢CRESSICEFERENEE, TO RELATEREAPPERSETRONES for

converting solar energy into electrical energy and

nor I
m W&K&ukﬁ clatms Bnd}rﬂgg&g?j Pﬁ@ﬁt?i%;?igﬁtéoﬁé qml’lﬂ 8%7 entitled

[
“Hlopgaied Bb@fe‘f‘a@l%gwlat'rébqﬂhy@ms " diked o MQIO% 18 h20069wh:ch is
e order of 4-6 cnR or
he%%&ger té&%%?eg&?zcgggﬁs%rhps standard practice for
power generating applications to nount the cells in a
flat array on a supporting substrate 15or panel so
that their 1ight gatheri gg Fiﬁ aces provide an
appr oxi rmti on of a single*l Ef Iight gat heri ng

surf ce. nce each cell f enerat s onl
(b enafiein Sren g i Eseutiis ol oo ey into
eieemcaﬁafergysana%rh PR chrly B ifipPeRASET! O Ahentied | s of
the array in a series and/or parallel matrix. A
conventional prior art solar cell structure is shown
in Figure 1. Because of the 20l arge range in the
t hi ckness of the diff&rBACK QIIB“thhey are depicted

schermtl cally. Moregver, Figure 1 is highly schematic
o OREF cells arepypicalin fabrieated ascsaparpte physsicabgmtifies with light gathering

surf&c!%'a?éﬁs bh Itlf@ orﬁflJ ¢+4- @ﬁ'l'ﬁi ot lﬁrggr "ot ;ehéogl: it ?sogt aﬁgtlr%cglgc for

I'n "general, use an 1 ndfrect
powat ganewling appib:amrts b mylum the eellsyipa dat dripy coref sugporng swbstrate

"thicksfjln..
or gyt s s iRt Blef R ane 0T Re B b Sl b phei€aree
hgangms&mgfsur&‘&del QMiso, sinet @cheell ltseltt dbatrates 6nl3 abinfallGinoRaNsT

material to absorb Illght are typically configured

pog@f thefemuired) veftageoandfor surert 1ygsalized &Y dperponnectingthe 5lisiof the

arrg;,nm&rggaﬁg&wgig@@lxnaterl al is needed to absorb a
ficient amount of |ight. The arrows at the

t op Aofonmengionel nrloslaUWOkaheellsaﬁmp@ee ishain wdiigwe |l aBecause of the

| .
argt 8GR SRl S Eitrent AYGE hdfand S5l SHBBMSAE
M@r@dnadt Kigirt 9,15 hiighlyssabaﬁmtse tHd) 2 represchis-the featuyssee biased
t
gk Rl el TG e el BB Pl SeH hat e an
mcﬁfé?tsﬁa‘hﬁtgﬁp E'Q%ﬂal—t%Ya%org (ﬁéhﬂ e lypRallR ebn ARGl & FBAdk-film” solar

contact ftor the solar
cells because a thick ﬁlrn of the absorber layer is required to absorb a sufficient amount of

(-

light. Solar cells that use a direct band gap material to absorb light are typically
configured 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. 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. Layer
104 is the back electrical contact for the solar cell.

Layer 106 is the semiconductor absorber layer. Back electrical contact 104 makes
l
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Layer 106 is the sem conductor absorber |ayer. Back

el ectri cal ntact 104 makes WO B

2008/ 060315PCT/ US2007/ 006615 ohmic contact with
woadoessbas | ayer 106. In many but not all CaseeT/Us2007/006615
ohaiis epsagt WIﬁlye@sorbelﬂay@ Iaé pln many e notadvdsess athsorbcr layer 106 is a

B N T MR LT

tht @@ﬁb&ﬁiucm jdﬁcﬁ@i@@tﬂeﬂﬂhﬁﬁ, Qfge&bﬁ@ﬂlbﬁsfmlbcﬁﬁd&étoiﬁﬁorbcr layer 106,
-n junction p-n

Iee the formation of a
oy f@a%\mt%{%*ﬁ Jyngtian. of\ﬂj HHBEES & FomQntypes junction
folu®d inssolal' Bell}: M b%ﬁﬁétﬁﬁ Ugéﬁesglzﬁ 941?3.” Hé?xltlmésen\ﬂ’@&glu&gﬁbsorber

sem conduct or ‘absorber layer 106 is a p-type
layrat! 86 isd p-tiph dopashoateosl, ﬂﬂauumaon poBer kDSamamnﬂypedo@ecpmatenal
nversel sem.conduct or, absor ber
CTRE By her e YEhiESodiio aBpute TP e A er? et o Fal te
jupaioh parnet Q88 iissa ptypetdvped MoRAsl, GrherkllRthe j@ﬁﬁﬁihaﬂa{'tﬁer 108 is
i on partner 108 i s nuch thinner than the

the junc
m%él“ﬂ%‘r&’?‘ht}‘é abspafeer Iavgr 108 dipgevamnpls, in gvpe Ingianges thegunction
kn S f
B kR iR TR L R og 0By
tra(nsmwp 4 solar radiateml. afhejendition patner TH%is Jalm d&nown ap&netvnedow

n asth ince it lets
cife? 168 et Bt Sl Biip BRI I 108, 06 1 n
t ypils altygidul aelf-filnisciad @ll, thelabsortidn GayadH)6rand thd window 18@r 108

and t ow | ayer, 108 can be de fromthe sane
cagg &a@ttg? SR ml%ﬂn dygtpr wa%a@\a have differgny cpsrigr types

(d&ﬁéﬂf’s? m@&%ﬂ?&%ﬁceﬂﬁﬁ-{&& if 8idEs egnFeQH&{%t 16.drd Q{éﬁ didhinct p-type
order to give th ayers thelr distinct p-type

ang wdypﬁ pxyp@'tlper dp élmmfém solan cellsiin nﬁmqhmpgmramdlcwgaﬁlunndxselemde

(C‘f@ olrS kt)heer %')E/)%rrlg%gg% Qﬁeu%esog}&fsstgg%pri tﬂe *uglqll(%s %artner fd%%as

resutulecik in leiph ﬁﬁ?cteney cél38 I(]mc& I?mmg that cambmég:][d fer the junet‘myparmer
s, O her terials that ca e_use or th
108 iRhideo it e B0t e ao; eSeadEsohnS. 2P hgindh CHPTSEnmSes
2oy WABSS, CAS\350, P2 B0SM adphpo, CIZNS. Zn|n2Sed, 20
Zn0O, Zr02 and doped ZnQO.

The Wy}@ier 11is |t@ Qduetec elgpirasie, whish coropletes Wisifunctioning cell. The
oof EPAENe 15 MREL BRI 6R vy FBE: ORALEL ShETH Rflion
paBhdrcl@8 tihgenperallg toresigtvd togervi (ﬂas fimegE@n eﬂ(s&iulcly, thoeounter electrode

serve this function.. uch, th
11pSGaibe Biehf: PBinsTirs SnE i epIO Nl (e eoMmitRAR Rl 1) can
in ElcBPSH @dixﬁlSUhké Sirhdt@B of mERE paRed bRt RS 1&§etrn99| atHek Gh:HABrming a
25in fact _be a conb-like Sstructure of netal printed
disgratolayere T Thsyevntqmeqt@dnéw tSHmcarlkyrarﬁang)aaerm p@t@dﬂétl%e oxide
(T{:@Zgﬁch aI*&S gdoﬂﬂé 8){1 tglﬁgﬁlugr%é zl 1‘&9' dozped zinc

RSpar ent conduc o ed
oxatej ht&o(l doped, ziral amdet)um:lminpmdozuda ATon, tdﬁomMShOu);mdmﬂmdx-zmc

OxﬁeTBO%eltvgre e%%?‘{ﬁ}???’(a%ﬁ éqa)’ze:s PSCRT%)&(%Iﬂ 7 U3 llﬁlg gllst*u\{rg)}alté R )éjlfplcally

nebiRABY 86nveANGHAl YA Tels m%%)ﬁedurﬂeﬁt SHBIRNTCORabibd e
network 114 is typi call% 30 needed in conventi onal

resighiinge teefficienity pericrm bistfupgliondn larger selar gelle  Tlnatwerki 134
shzg%@ tﬁ@agt%&%ﬁ%ga Q?ﬁfefs' b vy iP@RE fr%mg{f iR} ofddP Rl e @R the

l'arger solar ce e networ K ortens the
maﬂalwanaeteﬂactebv geducmigresstivedosses. e andtal buhbarT, @Bol teyreed grid

lmes cgn ?I r\?éza %f; %g ci'lejast A %?n%luctgv%gt}l%étsgcﬁ agse og %%(ael}r;sﬁg,gf;l 'va? steel
or ghurrdndtmn &sthe detrilgrbef tl’[ﬂdetw@i'k by tieesis dexidy  tradendfibdtiviegn thicker

metal such as, for exanple, silver, steel
2
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350r alum num In the design of the network 114,

there is desSign a trade off between thlﬁker WO

2008/ 060315PCT/ US2007/ 006615 grid |ines~that are nore
woebesntsoiisal | y conductive but bl ock nore |i ghbcragmhoroossis
gridHlings ghat areirhare slecthisallysonduaivs bl Wodkrmaralligit, emhﬂhucgndllmes

f
ol B35 s LTS Ao A W
conﬁguredl hfa)ttgiib—hklearﬂ'eﬁ@ﬂl&)t% pért llgﬁhﬁybﬂﬁo%@rthﬁfcggéﬁgr 110.
ed, ac

114 TCQ | 110, conbin
T@% %@f Wﬁ? g% }eand tb% Ero lﬁxﬁséﬂ%ﬁmlbrryidq a5t &y4 sirglag
méthlhPgRallinitS I’ungmﬁaﬁ Q‘Rm&ﬁ{g \;vg\ %?fgt%@nlgléﬁﬁt%&tt?\lgom a current

colléction circuit. I'n Unite at ent
code@ipg cirsuit.t kn @v@d@mv Ratent No, 6,648, &llytoiSvedrypor af. dubrdby

m{) 3@&% %{I]% ren e elrenn hlt e%trt%t_{f %t%)ﬂb&‘gﬁ ng I ﬁ%j B%é]lﬂ\(yeﬂrﬁk and
mdaametlrso:ngd: Btyeﬁ ﬁ‘uﬁcﬂﬁﬁaﬁ Q @ingleT&:Aga:leﬁtME‘O/A tronal
i cant

ant| efl ecti.ve coating ]léﬁllowsam%
ogg! ki Ctmegﬁiltlr}gr& 9y £ Bignidispnt amoapie extglight into
thd thﬂz’l idpendag oﬁlﬁﬁ lﬁ’tf:ndeﬁ%sé:gf the céif, Itrfhféﬁltb 953@9 AUt &Y on the
directl'y onthe top conductor as il ustra
toprpapdneton as ilpstestaddn iFigurs) 1 oAlt@zmm\tellmaddtlmonalbe the antireflective

f d
ol A 5 LAY SR BB TR e o
110.10eallylekd dryirefldotivendiiating fddacdsitheerefl eaioh 00 the@el @cﬁﬁerir Ré&ar zero
to VEry. near zero ov

| ect f
ovg St %?Hce&irglnrsé% i chtiﬁiﬂ%tﬂeisﬁaf BRCELIOR PECUS, P ﬁ&tilwme time

incPSSY the refRetiaH inlthCoh@ BedtidlFeglotls A FBARARalifl® United States
reflection in the other spectral regions to reduce

PatgatNumber GHI% ¥4 1Sgndera paeleerely inserpoeatadily, Bfence herein in its
enﬁ%lwé h@gcﬂbgst Qﬂesemal?:% ?Pereg&?% 9@ tf?ltgse &ilatb e e%v%}r ﬁﬂge

represen
ant Boht bdtsttymealk;qnbdumg snlymadin@ltkgmvm:r exanifle silicbn based

solggels piyega vilier SopasR e ol (Ll ) Sl pelsderiniponnected in
ser¥el o paralI&fin dRREo RhRvY Blehr ¢Mlages! 'When %@d’te@ﬁlskﬁesaﬁﬁtages

I nterconnected in 20series or parallel in order

of idhiduab ceflseadd dogethsr while surranh esmains thesamed Thys.selar eeiis
arr}( e ?e?wgfrcduﬁgih\é'améﬁht &%hﬁrﬁ 3R l'(l)lﬁgxgﬁ a4 lcSmR

rent remal ns the sane S arra
analogcms nsolascellsdnmgetihmpaaﬁnlnﬂhemby nproeing cfﬂctervcj/ hAe ﬂ@lbtrated in

Suc ells dt analo pus sol.a
i L e stige et e Ct 3 SBY Rrrkr S b fpmeintsrropneets 116
In fénetdl] dasihtepdoaflect 11 Fplgedsehelfirst électde aNGRTHRNE caf insMchical
cells in series is acconplished using interconnects

cormmmczfs%wgbH@rcapmeraﬁe?trﬂdéroé emfbemmgﬁelapp%lbes t he
firskng e@%BS%d%& iifRfa8 n’ﬂh Il cér{beﬁ&d;gﬁogdu&%kus are typically

conmuni cat i on W t e count ér-ef ec
in thdfferimofrgpleielstmctoms) |Although such/lccibit azelhighly\efficierd véen they are

oS L Y B0 ) Bl B e o

serﬁikzﬁﬂititﬁﬁir ifsmatat forgihhe/jugétidnGh eidh sohe BeltshﬁM‘oﬂﬁ €Furthermore, the
smal l er, |arger planar solar cells have reduced

ocqumepes Ffighobeead senifar flews ngreges indlereprnlenar pelargplls. These
feaB R84 @aar&gagetsﬁﬁmé hérH?s tBé';ﬁ:EctﬁcQ{ mthe junction in such
solar cells uniform t hernore, the occurrence of
pi nAotuaRben afiproblems are dssepimied with etdsrs:el!rdeslgmsgmsepl ianke known
artd lerﬂ]rnbb%g Io{' %I‘IOI‘ a'iltes%ﬁar Eglf‘&éé{g%é afi@Sonté &Stﬁe 153 vantages o? each design
w111 now be dlscussed
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A nunber of problenms are associated with solar cel

designs pregent in the known art. A nurrper of prior

art solar cell designs and sone of the di sadvantages
wokogaseiisdesi gn 35 wi Il now be discussed.  Mrrwus2007/006615

2008&@1@1@%&-@2@@& ORIt 1S1ates Patent Numiblet 61967, 39980 toMAsia er
al %g re 2A,. United.States Patent Nunber 6, 762.359 B2
t

es,a s¢largell 200 dnqlusding:a prtynsilagrer &2 prd amptyipa dayemll hrgh first
eléﬂ'oﬁé/ PEisl RyRledlcn ARG rbf Rl S6RE céi?yg{e %?%troé% ) fs%ﬁ electrical

el ectrode 32 I's provi on one si
cogiact withTHe relype tayerdd ' Zha wldrgeldP Hbt?hmtorﬂceiﬂcacde &0 islon the

4 h 0. Th d
onpPsad 5ibd e SHEY ooh” nf clstfpsR B0t ieerri G Cnel Sigh G prve
lam lof the Eblar &d1E CltHeQigt-@&hshnitting 1656200 'aﬁ@tOﬁféﬁh ARl sivk bithe

pe layer of the solar cell.

demcg Rﬁ) ¢ w&%%lﬁer G4 formy él?esoﬂm@!dsn dhe e@ctrqﬂew%ml &) ate
seﬂirat%éi‘ S},}%‘ih&ﬂ’a‘r@r@ Qouhd 56 ’E:, 5 I gmgaﬁ{s‘?e[ncgsz tl'fe%falf c%ﬂ-gas %:ttﬂ:%ﬁar

|'ect r odes are $epar
shanmihat bams the Gplardtalshapd iHusttate in Figuan2.eWhilt e deoica@ 10 is

h ul ar t an th
tufiiohat Ry Gl GY, TREEB 55 ol S krts e ABitee 12 mprter o
maks ah @feomizhi conaict. THis teSuItsﬁﬁ atnkslb@Gih @bsorbel AR ShAGHE BE Solar
erce the absorber 12 in order to make an

ce]g?eé%‘r?&ﬁct% ’a’&?fe SpFl s Jungtien s dliffipulptoymake|relgtive tg other solar
celtBs@ser area, naking the solar cell less efficient.
Furtwerrmre such a junction is difficult to nmake
r el disiillestiateddn Figures2B, dinited StatesRateghdumber 3 mamsrtawﬁaivsky

ot P 0 0o R SRR BR B2 Bt

that bagldes Islitg etﬂed?lyﬂ diffighidrCa bosdd ihats dut? Suracefo forh)aRDuter
uctivity that has been subjected to diffusion of

d
P‘%&? IVith fxpeiregion f apd thyg R pACENelenity  Hhednnes suréce of the
cylﬁhdiféﬁlquﬁé is‘fw‘ré\bfdetd)’\ﬁ% 5 ﬁ&t OBcttb R @ﬁ* tHelThEn t udggéﬂiégk%étan

. The inner surface of the cylindrica
COTHWGVY@@@ Hithah faams ian ehmisl cootarioeish thw totiee Filor Srcafersathe entlre

i AFEEPb Bk SRIHEA! U5 B3 o P

hi gﬁ&londhmnvﬂygref@p@lmfmdkbﬁ ahﬂbﬁ:rﬂ,%pﬁ@@ﬁ tHetlike Ods dasclosed in United

sl R e By s o) RSely Hitole st o

doh€ elebtfdie iR thedoik bPS 8Ad béhsidaht 66 st
3084775, 3046354 andgg%05§62 éThaeﬁgﬁa?’g’foiaﬁtrff%ggeé ally

extpading MUWOISN Octhataeoeninedtettogeiier iyroneloe mors longifudinally-
ey SARBLSL 0 1L oBn Al b LS RIABY e e

prolyided wetmonmmmfamglaﬂpéxmadhhg terAinabydr@nelornnd 4 and 16 that
posite end t he outer surface

ond t.ors e 0
i PR e A8 POl D B ﬁ?WF@éSdf%MQ{h? spafing of the
cirGuniferenfiglealibming/coddi@ad| '10%& BleThAAkd AN U}@t&ﬂﬁ? dehductors
and 16 that intercept the | ongitudi nally-extendi ng
12 issmeh 8% orleave areagpd ogt‘hg@pﬁmsugfacp ﬁéthe tube exposed to solar radiation,
ThE ESRMETORI 21 8hd V6 5% LRI Wg: SRRANE LRl At n @G- lifdin
ongltu nal I y- ext endi ng conduct or $ IS Such as te
corldygtors H}m ey aafrytaltgreatertcarrestuthdreangy ofthet lntert These conductors

are m%ﬁo f esogg{e\ﬁrl gigrp?iﬁ(ﬁgﬁ: l{lﬁeg 61@?:&0& 9 d% Olgnrl %hr]ri% C()}ltéillcts
with |tme:¢méresmﬁa¢e @lthey/tubit Wihile g o0 deiC HieE16sedln BigeR id MaMional,
% %/&seg_reater current than any of the latter. These
it gl tristactoro The RnduFtonn| ad fhorOrd FRRaliransRerent fodight and
thebdfére ok BEH I At theaBRr Ear A0 i6 rdafidgact s with
the outer surface of the tube. Wiile the sol ar cell
disclosed in Fig. 2B is functional, it is also
unsati sfactory. The conduct@8rs 12, 14, and 16 are not

transparent to |ight and 35therefore the anount of
light that the solar cell receives is reduced.
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WO 2008/ 060315PCT/ US2007/ 006615 United States
Patent No. 3,990,914 to Winstein and L@/e di scl oses
anot her form-of tubular solar cell. Like-M avslcy,

wWOlaes/0s8dlAst en and Lee solar cell has a hol | oRCEEHRZ07/006615

Howelmted Staies RatentiNey 8.090.9 Asiori¥ eiasteinand LE@éis‘dpsgp aragher form
o RISIARE e )RR 62 PR LR 1o V16re

Hdvedvag uhhkd(ly[lanskiy S¥zipgeiaiaud Lbe)dlb{nnsb the solar cell cRe:f glagsitaighlar

to nd 2D, an t li.cation
Rk eBhes ee T SRR LY e 4fbar e bul and
xﬁagp@nybumybllshed July 20, 1984 (herelnafter
S59-125670") di scloses_a rod-shaped solar cell. The

r od Refirpagitosiopues eeland 2B, fppiese B@remnﬁ\mlm@ns@dqat Bublication
NG SSprSse, SRR Sl R A0 2 108 crarer

“Séw&@ﬁwpdmdoseb ayed~slﬁxpe$ sqharaell d€he md shii;&d(solaEce]l is Aepicted in
el ectrica C cti etran arent conductive | ayer
crdgsRECIgaE FIol S Ao HetLE RRD RIS 6o 108 Lot e ook
light-aasReE qmoqmaaﬂ siiton/Ruliedt8hctdr 1670 3REpi¥RIRd 8h the core 1. An
mat eri al s such as indiumoxide, tin oxide or indium
clectrivaliy pensductivecyansprientisenduciee layer 4 is buidtrupaandep pﬁsemxconductor
u . .
la}Fe'rg "r‘ﬁ? f Spﬁreh?é’cﬁlrdﬁc xﬁ!ﬁ%ﬁnr?fﬁ%ﬁ‘?egﬁ%je ﬁn?férfdlsc h {1%1é1d:urn

conduc provi ower Ion O
oxide] tin 0x1315 ocmldium fihexideIIT0O) atd the Lkt ane dlustratd irifigurg @Gl

P sl closiicaliapateh sarevden pE e ot HR of b ol

ccﬂmufh@ mma&u&i dtatBs thebBis'zdbe condubiate 13@& Se§mﬂ§mﬂwularly necessary
counter el ectrode As such, the conductive a er

bug bylpste lawerthe eoritast resisince between the rodsand s condust lye ﬁtrbétrate 7 that
e t t.r

seﬁrgg] g%drtﬁéfeg-\é! e@ksctléﬂ Aﬁ%{é{f a{'tﬁée ﬁdﬁ&é{e g%’r%eg i%tjvésuﬁ c%ﬁr 8llector

th@ @ulmlemmt:t the Gordustivity of the yountargiegtrode hillustraed in Flgure 2D.

20par.al,l el '.t .eac ot e n th ount e | ectr
oy 205Ut GRG0 o Rbens 3t s b A SRS RRAR R a row
patadleN@ith bAchadica! £d tbé’cddnﬁah—bie&@o@ﬂa)te@ 76$ povided ah thé sUBHR of
contact with each transparent conductive | ayer_ 4. The

the rods B1rhisagt Swdiatedyl light g asta eﬁ’FF‘&ﬁ'@é’@a‘I‘W%@ﬁCWlﬂé Faciind
traQﬂJaPen? @(S’rﬁiuetfwet lgferglo ' r&ﬁlsﬁaie@g(ﬁarr@fléj@ Rediridh ééa if ﬁﬁlanel and

or a simlar material in order to fix the rods I n
bopi ende of thg 56ler 4B GTOhadiced witbgesimona Hinilahmatdrialwb ardksto fix the
%é il ated wth planar solar cells. However,
§PP55670 has a nunber of si gni fi cant dravvoacks t hat
i mSB9tlD66m‘dddﬁ&s@&%&&ar@foftﬁb&ir%ﬁﬁbkﬂmﬁblﬂe&wﬁh$lan51 golur cells,

OO, SaD11 25 R o e afctenifcinl drpbacks ot Bindhe Hhefe of

th@&hlsclésﬁﬁ dWRYe2 TFRHE Ghd REndePth WhcK curreR drhwn off He exterior surface
Second, the substrate 7 is a netal plate that does

is mfﬁcm hecauseayqySsings potorrap plf e wapraneundghe @d (¢.gl, bee Fig. 2C).
f ' h

seBAuRloub A0 1 0% bRl PERSJof Rrbhl p MLk .o

full kide of &dch Irmhxsylooéxliohﬁi todight andedah IhuE.usrve Asalehleage dpath. Such a

uch n,areas Wll r [t in | eak
ki paf Toculhe iRt e sotrgelc b ol et gk junction
aredB Qi efsulll irb A Wil ldBtrddh ofhalié %t&@&hﬂ&eﬂb ¢dl. Another
Figures 2C and 2D is that the rods are arranged in

disgdyamtaes withgthe desigmdisclpsed 4 Fiutes 2€mnd 2Dy &aémerr@dﬁare arranged
in pEUBLISathly AMEH LBY. CBRisWhE burhfut le@élg% su%ﬁ rd@J(l@és'“\/iﬁ b'é(i’arge
correspondi ng serially arranged nodel herefore
relativy tectcorrespoadingtsenially avangaDepdboed Brecﬂfptgsgamm 0BBli%e
| osses. Referring to Figure 2E, German
Unexam ned Pat ent ApplicatigngE 43 39 547 Al to Twin
Sol ar - Techni k Ent wi ckl ungs- H, published May 24,
1995, (hereinafter "Twin Solar") also discloses a
plurality of rod-shaped solar cells 2 arranged in a
par al | el
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5 manner inside a transparent sheet 28, which forns

t he body of (the solar cell. Thus, Twin 3ol ar does not

have sone of ~t he drawbacks found in 859-1125670. The
woleespasent sheet 28 allows |ight in from bpthuimee®ests
logsza and 47B The transparent sheet 28 is installed at

o oGS d FiB R G nda A pRelT LR G b 43 39 547

ADwTI‘\ﬁrinCSMar'ﬁfUdﬁuk 'EM\ﬁclSth?SEGﬂBHl Fisisied\Wayt 12 1099 \RGiKafter
~that they are not truly 10 bifacial. In ot her wor ds,
Toin pokts 15 ke BpcoriTRlpipf o Hiapebipiss et epapd . el

m%ﬁssﬁnwdeg uthdpfeht (o8, Wik ISR o the %iarr €4l Thus, Twin
at 'has not passe hr ou any medi a
Saiarhbcs md’t énveaaome ch@he c&xwhzwkefouhd gfﬁS&-f%ﬁ?ha?h@mpﬂent sheet

2 SN R KA SRLA o et Lo S

didthrgh froas @all 127 @xéuch atn@n&i0ds a6 proelde anaEeapbYy thréu@hhmch liquid
t hat hzlsswrrer el y reflected of f of a surface,

coplanigandlop. | Thyst TWinsolyidgeeestiass the dravwhack it ﬁba& gr@dwt truly

blfaEli‘éP ug RtiRr %hﬁ 019? IpAce 39 ATV FwikiRdGk E\hbcsls g?éébﬂ:' 36 QRiving
of direct i ace 4/B is not con I gure

direetdight.eAsl d¢f'm;ﬂ hbreg‘l’r:hrecfrlligw is Sightabatgenetipassed ¢ivough any media

oteR SB35 PO et PP prisfd i B R omki e Gt o o

sola€ tdll apgablRhand etitvdhgdssérablg, i9 hdlonBerCdirebi 16Ht ondest cﬁﬁ@@l’fb solar
traverse cool i n% chamber 26, reflect off back wal
cell gssemply. fljight|tha) haemeselerefleqied off pha sustars, hPWFt‘ﬂl‘glﬁ dfracéélght
I |
prfVil (i BRIBI peDhlougt 8 SR delaSecb), AUHCF this defintion of
dirgetdight, dhcet478 1aBetemJbﬁgured to recema dlhaoulghtt 'tlilma lisolrecakess .ag fight

recgévseggx e%’rce dt% Tsﬁst ngﬁrgyeréeeflgsoq’ygﬁ?fﬁge S0, ag ?}%ﬂ%&%’t\/@ er entering

the Qilﬁglcell Hﬁp’a@ﬁ@d t‘hﬁﬁ;gh'fhﬁ 4Ck7Ap BUkh Mg}ﬁfmtﬁst)ihlaﬁ trg%r&esct?lbﬁng chamber
st IS one unresol ved pro

260550 ll?ﬁg “yaﬁé&aim Y re-grirrche seltricg thrpuglitags 4¢B. The solar

cell hBmb§Ak ferdtsie! 1nt§ﬁ§1§ﬂtﬂebﬁt§e ai&t ApfRAndIt bhier bR QFdes of the

smal | i'ndividual solar cell units. This approach
asggmbly-des efficiency and flexibility. Smaller solar

C ey e [B3Edeslis BERAAEHS e JhurPrse By BB SRt
as@hamdsmtl'oplsmartsoibhebllsj donregireblappientat uroesolvede The d}iayﬂy of

mal | r sol.ar, ce unit desi n al co
Sc’llaﬁ%el%rt‘? ¥y S?ndrl?%\cm %ck ipiqBe LRaHYT i Rehie. régwenuﬁmlgolar

cel® ﬁéﬂelléfoﬁ%@l c?icﬁ%'%e%ﬂ@r SHEERAUSRBUES 26 oﬁé@&ﬁﬁ ?fohﬁé.rﬁzgf‘
or, routine handling processes. \Wat are need in th

indiyiduaselapealhodls. hts appronehprovides efﬁ¢19m)/c?éld§1§mbdﬁtl amaller

|
so%éﬁﬁ%&&ggﬁg ?ﬂ%}%ﬁf&%r}e Fyﬂa}sgse SM]I‘: And ﬁ?e'y%%si‘ 8@% g? g%slglgb]ed into
dlfﬁartnatslznnarmf shapeseb snietheailtirrate alﬁplmaﬂidn Andvitablyciha sinaller dolar

cel? ﬁ@lt B?%amd o TSGS%'EHI o sltvlgta} tpg ﬁxglcegg'?rca%lrhe 3g0| J li\ﬂlﬂag\;qs Jllre{' soglar%reh ugxi?s easily
brA& GRAEH fRGsire darihg frédspagRfhtor 8dutinb AariliBg Phdcedsoy, e%h@cﬁ‘c
there is provided a solar cell unit cogpr|5|n

A)
needsrdn thegrt are mgtheds apcisysiemss thag grayidesrprReTt andstrpagth éﬁfé’laf cell
fs | bstrate is rigid
anghﬁ%ﬁlp ar#zg?gﬁ{e @g@r&ﬁ%&sgg%h?ogzﬁg??%m erentially
dis y&as:@dsl@mrtdmensmb%& refarence hersamvidlot be tanstrjedastanadmission
thébé}é( rre %Jn%é‘llif %?Q}t éé‘lhe re%xﬁpa§§§c%t;8” sai d
ctro rans ent ~conducti ve | ayer
C|rcunferent|ally di sposed on sai d sem conduct or
junction; and (B) a transparent casing
circunferentially disposed gnto said cylindrical
shaped sotar cell. According to a second aspect
of the present invention, there is provided a sol ar
cell assenbly conprising: a plurality of solar cell
units, each solar cell unit in the plurality of solar



transparent conductive layer circunferentially

di sposed on said sem conductor junction; (B) a filler

| ayer circunferentially disposed on said transparent
conductive layer; and (C) a water resistant |ayer
circunferentially disposed on said filler layer; and

(D) a transparent casing ®iStMMAR¥nti ally di sposed

onto said water resistant |ayer. An enbodi nment

of the present invention provides a solar cell unit
conprising a cylindrical shaped solar cell -and a

tr a@m;pxdlr@m atfnd ubpect atalsd presenfliveentiph, itinale isgadvidddapedsr cell unit

comélg%.}ﬁé &%g% qug n‘ﬁ Lfﬁj(ssite ceﬁg%cpgqp%%ﬁ%ia:ﬁ?r\g% fxflhge}nyat least a portion of
said GBS ki A atd W npRskr; @Ihagl £188®de BiRGmelch@NS RIBPBRY on the

conducti ve | ayer di sposed on the sem conductor
subs{ratgcd jegncompEonjpratiop gayémlrcmlﬁqwmaﬂr@ﬁgwgd prssaid back-electrode;

and gﬁ"éﬁég%fe H&ﬁcﬁb%: ?éyér%ﬁjtcﬁrg{e e{}j:qgll); (Iﬂgpogcyd énns%dl S%l%ltl 0¥1duct?1h]unctlon

ar ce IS Nno
and (B)aartmnmmt cdsingutiraumieasiinlty cﬁﬁpﬂ;sédt&lt(ﬁs)aid dyd:iﬁcﬂlﬁbal dhyiped solar cell.

ped sol ar ceI |n t solar .cell. unit.
e B‘E’Tﬂ"é’r&tt%a S‘i"ﬁ% dREsCHt IBYRnG PN, lﬁ@fqvédoeﬁgéélaf cell

asse@blsRdodfisho Of plﬁllaﬁﬁfsof sbRr &Pt FRQHNR BA1Sunif il ®he plurality of solar
cyl'indrically shaped solar cell further conprises a

cell wajtsihauing dhg S@@B@@ phihe salgrcelhenibeldhe ehaveapragt and a plurality of
mterﬁh]bl‘éﬂgétgfseaﬁ Bl @h%ﬂﬂﬁ(ﬁf@oﬁf‘ dNREYid tﬂgﬁ%&fl’i:g& df 1ntelf'na1

strate I"cal bstrate can
reﬂevmtseawa‘rang@@/m@plme@wa nswhisltinteginah geflottasstin the pheality of solar cell

| umtshz{briﬁioﬁgel 1:[9[1%'11% ﬁlel p%fﬂr%fn?%f %%ler A gllrnéﬂhﬁseH? %t ; at%? ¢ géar cell

a%ambh' n|trogen or helium can be passed through t he

yli ndr,i cal strate.Ln ma enbod nts of
o asfirting S PRS00 S5 oBmat URBOG RS PR &olar coll unit
compﬂi't&ngQ YA) DslArGall cSHpsdif@ beubstra®Okhdlein at least a bBrtidR BBsaid substrate
enbodlnents t he sem conduct or {unctlon conprises a

abiRs noRelanem a backneleqtiadp Giemistentiallylisnopesk irigid substrate; a

senub&ﬁl%tbpﬁncﬁnb:%bﬁﬁré}ﬁﬁﬁ’jf HBESsb@Bn sAd Rrck-cleckrdBE 8D tral¥parent
a tandem junction. In sone enbodi nents, the conducto

condpefivetlaysh cm\ﬁﬁﬁe@%ﬁlyahﬁpawmntsmd serpjeendunier jangtionc tB)ariller layer

B S1SEEaAE! LA HEITE BN farcosin
chcug:&mgnﬁaﬂyaﬁﬁpwsmmump)$dﬁbﬁﬂuaéayeber | ayer is :

ooRPRE R L P.AR e B 5, SRS f MR R coar cll i
comlﬁlis&rgS(A)Ziﬂo&Z Selconiisiblybx QubstetS, wisrdiRat 10 poffi@Ref s@¥d substrate

odi e cylipdrica
I8 ﬂg&ﬁ%‘ﬁé’&ﬂg‘&r% a bareldeping 0“33 @Saﬂseaﬁflfher%‘ brate;
senu&cﬁ;ﬂﬁétoﬁbﬁ&iéﬁfc%&%ieﬁﬁéllg cﬁép%ﬁ?éaﬁﬁdh@tshck@ﬁcm SN rent
junction. In such enbodi nénts, the transparent

condpeiiyglaver deundsrentially dgpessdvadhcossmipnadneipr unetion; (BYawater
res1st5ﬁ\ttl£59éi cﬁ&ﬂfeﬁeﬁﬁal@%p%@é&d&%@ﬁads?ﬁgﬁt'cg uctive la GII gC?Qﬂ'ﬁer Iayer -

nmbodi ments, the solar cell uni er co
CIrcumf¢rle@11allbf ai}ﬁ@r)sedlqn@hmwéﬁeemns@n1 lyyedi addBea tr@mspaﬂaet casing

QQ@E@ er. In such enbodi nents,
me%Le ra%gﬂgP%%?ﬂtd% ar casing is C|rcunferent|ally
di Apesddg am fifleadpedtiofithd myent hhartiehythere is provided a solar cell unit

circunfere ealln ul.ar, shaped .sol ar.
compiging UHF o et G050 patareis buRar BRripRgBid shstar
is rigiel ahg lnﬁﬁﬁlﬁﬁailt i Bdck%lﬁiitr&@@&ﬁﬂmﬁ&h i ei&ﬂi@ly diéi)@ibﬂﬁﬁrs@lﬂtsubstrate; a

] uct,i ve | ayer n.such enbodi nents, the
Semlw PP rastion P‘J‘E}{ﬂ]fSWnE%IB’ Heposed ﬁagfh%ﬂéwe@ﬁw%ﬂ; pyd a

di sposed on the water resistant |ayer thereby

circunferentially sealing the cylindrical shaped

‘'solar cell. In sone enbodi Ments, a water resistant

| ayer is circunferentially dlsposed on the

transparent conductive layer and a filler |ayer
circunferentially is disposed on the water resistant



conprising a plurality of solar cell units and a
plurality of internal reflectors. Each of the sol ar
cell units in the plurality of solar cell units has
the structure of any of the solar cell units
descri bed above. In this enbodinment, the plurality of
internal, reflectors e arr ed .in cqplanar,r
o Bhe THE SRR SFBET PG PRSP AP OB U<Gg gotion: (3)a

ﬁ]leﬁl% ér citBinhfer@iidlly §iopcaed @@édld ishgrentotdiRtiR) Y] dddYCRf water
ar cell units t ereby forn1n% he so] ar cel
h

reswéa;% ey greupderspiipdly dispesridpsseis filleplayer and{BY 2 iragspasntsasing
cucﬁrﬁfelzeﬂﬁaiﬁ, d:l%ﬁkééaﬁtﬁmd Whef Ralakigfjeect ors has a hol | ow
core nbodi nents, an internal reflector in
t he\pdnubaglirneng ofthe ipresentiadlenticst pregides assotas apll dleepmprising a

cylixgienggltéhg%egl%%lay ?ﬁlgéﬁ&rbatgatn:s}ga\f%g gllgonuéir %%Sl»rl] tghnéé g)él@flgz[l sﬁe{ﬁ)ed solar cell

compnses atbackrakctroge) zmetrmonduntdm]enqhilon eyt ctn;,cumferenmmﬂy dmposed on the

flectors i,s a single a refl.e
bacl{ bl e oo Sorend eyl P B oo e Bt et
The SBapareat twdtlat esighatirduaiftrest:oly sealed figo ﬂie@&ﬂdrtcyllﬁéhaped solar
reflectors |s astroid.. ln sone odine ts

er nal X
cell 3 et o HE Ao p SRR TRk ans eplly shaped

solalt &ﬁ iR ltﬂérs%ldr Tcé/il ﬁl{u DN @hbddahbms tﬂ‘lH@an's?arérﬁ’ Hl’buﬁir @8%he is made of
a side of the four-sided cross-sectional shape s

plasm w@ass Ipaw@s smbedimestscthe eylindrically hapessolay Pfr‘lbﬁlﬂb%n comprises a
cylu{dﬂcél%%? tﬂ@ﬂ&cﬁ*s]&uﬁﬂ@ﬁ%uéﬁﬁﬁefeﬂﬁﬁ H ger%no%{ th@Ylindrical

ector in the uraltyo |
substratf] Ecatthsdmc@l fubglrate cajlén‘: rm@ od agyidevasictit dfenaft@rmls in¢lddidg

plastt‘lchrﬁos%%f og":fgnegf nlaryg%ﬁ%ﬁgﬁg? dngef(’ s ng[l 1sl'11‘c<’)ﬁf)ﬁg(f e%c % t%]e) Therefore, _
fluide sinbicis i Ntitrofent drehelinwamnhibo pagsedihreleh tise cg’d]hdmoat aiblstrate in many

it commrisin IJn i cal ar cel |, ;
embpineat A Btarescfh iofiiof fosame sEtpRBGT &y Ok ER e pfindrica
. subsEOE®s &yHAodi mrent s t he cyllndrlcal shaped sol ar cell
conprlses a cylindrical bstrate, a back-ehectrode

ci MEITRMF ERRadhents. {h %ﬁe@wg P URGHED EYTPTHES # heojunction, a

C
SR ENELEE SRS SIS B

junctem dusmeemberimentdithpensdactonungionsempeesan ebsrber layer and a
. l.

s L e R e S
absoftiel [leyer) By somé gnﬂnodimmﬁe rtha tabstirbar ldYQ'pleﬂp@ﬂndlhm—galhum
. Jtransparent conduc | aye nd. t anspar.ent
diselif, AR DL, BTy SaRe B BRSPalPy drSpatsd SHES Goas.
thﬁ8d1@hhJM%MEKXBISﬁgqmﬂ)eﬁbgdrmgﬂaszn accordance with

this aspect of the appllcatlon e sen1conductor

j ubetomsiPrebodpRs ke et aped saipe pelbiehel OTREYS oA
intriRf LG cirlc BB rer@Rfly iRBodet e thORnRBEHIRGE: JuAUR. InSsuch
circunferentially” di Sposed on the absorber |ayer
embeditneris.tthetrzissoeepndusiies layer isdispased e &aintansiglayer rather than the
smnﬁ%ﬁﬂﬁﬁﬁ ﬁohhe back-el ectrode. In sonme enbodi nents
accordance with this aspect of the application,
t hhl Salesamimdirhentsyithe solar téibunitfumher @ewpriacs a filler layer

antirefl ect coatjng circu en ed

T RIS R
transBAEAALIBRAT cabihg iNErelmEBitialip dﬁs@mﬁloﬁ@& falles Qlyar theeby

unj t conpr|5|n I|ndr|c shaped solar cell, a
circugereptially: sﬁeélelsawtg F"lﬂf’iﬁf shapeq %‘?e]i ayer, and a

U BSRR B Hodindtpty, Rivafe® &lsRhnt (Y& 1§ YikduRBirt:flly 335686 on the

sol'ar cell -comprises a cylindfical substrate, a

back-el ectrode - circunferentially di sposed on the

cylindrical substrate, a sem conductor junction

circunferentially disposed on the back-el ectrode, and

a transparent conductive | ayer di sposed on the

sem conductor junction. The cylindrical substrate can

be a solid cylinder or a hollowed cylinder (e.g., a




10Fig. 3Cillustrates the nmulti-Ilayer conponents of
an el ongated solar cell in accordance with an

enbodi ment of the present application. Fig. 3D
illustrates a transparent tubular casing, in
accordance wi th an enbodi nent of the present

application. 15 Fig. 4A is.a cross-sectional ,view of
wangefpy Soedy i ayer e PR s B Ryt ding i
circ@hRedntihlBadikposal Grathg Setek FesBRhi 18 ferdtdetgaaBifdrg@hlly sealing the

,ar[anggﬁ in a parallel or near parallel manner, in
 cylindrics} edsaliigsllan enbodi ment of the present

ap ; . <5e&h
¢ AR A BT i s RS R i Hscd on e
serial electrical arrangenent of solar cells in an
assenbly, in accordance with an enbodi nent of the
present application. Fig. 4Cis a blowup

per spective view of region 4C of Fig. 4B,

illustrating various 25l ayers in elongated sol ar

cells, in accordance with one enbodi nent of the

present application. Fig. 4Dis a

cross-sectional view of an el ongated solar cell taken
about line 4D-4D of Fig. 43, in accordance with an
enbodi nent of the present application. 30 Fi gs.
5A- 5D illustrate sem conductor junctions that are

used in various elongated solar cells in various

enbodi nents of the present application. Fig. 6A
illustrates an extrusion bl ow nol ding nethod, in
accordance with the prior 35art. WO
20081060315PCT/ US2007/ 006615 Fig. 6B illustrates an

i njection blow nol ding nethod, in accordance with the
prior art. ‘
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5Fig. 6Cillustrates a stretch bl ow nol di ng net hod,
in accordance with the prior art. Fig. 7Ais a
" cross-sectional view of elongated solar cells
electrically arranged in series in an assenbly where
counter-electrodes abut individual solar cells, in
tran§e:mn caloetivailiyr andi ke 1erb cietureaientivllytihéisgprsesd emthe water
.application;, 10 Fig. 7B is _a cross-sectional .
resispi {gyeh kbHich sBGediments theaTanspagent Brtylar sasinads cirgraplcrcpgally
. o " . _
k8 5, BB PR U B L o)
cellt he present application. 15Fig. 7C is a perspective

vi ew_an array of ternatin ubul ar casin in

o0 0O R ea L AT O MR PSR b
circ@pRldn@aty disposed on the trafsb@ent@ohduclvE hRGInd & Slated RARlstavit Bver
. of elqgﬁated solar cells elecg&ically arranged iB
circylerepalldisppses e b Watepmest At Beh By SUEh eRPedmentsdhet

trandpRfnV it c8RL A cif@hl i mygﬁsgo&%ﬁ&h@@%&g%g@ﬂm

I'n accordance wi th anofher odi ment o ‘present
therepypfiicemtarantially sealing fFegyligiricg] shapadosks sdk {1 somed ervtaganents,

e Gl AR SR 380850 B B SRR s o e
tran§lagmt addRr csifo! | owed, in accordance with an
' enbodi nent. of the present applicatjon.

. ! Fi.g. 10
i s Iysenerambadapentptia cykndenltrshapedisglar el fawhes copprifes at least one
eléc%c?:%ﬁﬁﬁ, Gkl LRReRE st i8 &l a@ﬁs‘a?st%n@@lemgmsd’is blkerlayed on the

ch a groove pierces he, count er - el e_ct_r_o €s ‘
trangprns@adedive tordeicth sgarsell dbng dyedpne athiddsicah exis ofithe solar cell. In

|l ayers of, the solar cells,; in _accor.danc i.1 h -a .
somg B EOmBhis. BF aCiRas? o St S ABEBHER M Whnklily e Blcrradp srips
that hrlelpusitibaides spacsd Atdrealconbe Mafisphent foptudise ldyor S@Rthat the -
eanginents of the present applicatiop..
plurghtyof electsod saps w%leﬁ?wp@xm@@ H?I?E?léfi’ eah gther plong the

cyliRIRER 2ROt RERE &10Thd ﬁraﬁ%ﬁﬁ%@ctr&fk%ﬁﬁis‘icﬁﬁ‘% Yaced NWat, for -
2008/ 060315PCT/ US2007/ 006615 Fig. 13
exaniple, ety degees intervalsan sarkroeidhe insparoit candusiize layet of thgsolar

nGe. W an..e i ' '
o BR8P P BTR b el RSB spocd v o
type o8 siengntervalag caswtaricerval ddhs surtace obihd imarsphsenoforidnetive layer of
. pres applicatjon. Fig. 15 illustrates a . .
the splaf gﬁﬁﬂi& PR PRGN Eerf Bk ghie gl Spapd solar cel is betsveen
0.3 rRSER bh@ S i@ s Wh §fime embodifrRhis UG dbr Qhu@sek P AR transparent tubular
attachnments, in accordance wth an enbodi nent of the

casingristeawred Oappl i cati on.

Another embodiment of the present invention provides a solar cell assembly

comprising a plurality of solar cell units. Each solar cell unit in the plurality of solar cell units
has the structure of any of the solar cell units described above. The solar cell units in the
plurality of solar cell units are arranged in coplanar rows to form the solar cell assembly. In
some émbodiments, the solar assembly further comprises an albedo surface positioned to
reflect sunlight into the plurality of solar cell units. In some embodiments, the albedo surface
has an albedo that exceeds 95%. In some embodiments, the albedo surface 1s a Lambertian,
diffuse, or involute reflector surface. In some embodiments, a first solar cell unit and a second
solar cell unit in the plurality of solar cell umts is electrically arranged in series or in parallel.

Still another embodiment of the present application comprises a solar cell assembly

8



Fig.'i6 illustrates a perspective view of a solar.
cell architecture in accordance with an enbodi nent of
the present application. 15Fig. 17A illustrates |ight

comrtpﬁglhg ﬁ&)l&?ﬂl‘r? Bf 1aREN Hht?sran%llé 1@51?1:?! off Hlttﬁ'ﬁﬁ%ﬂ@ﬂﬁ@ EWH 8 the solar
he prior art ustrates |ight

cell poity ip ¢he mwably of seliat ¢a1|ls@uts bmfth@ giruchyre atayrod sh@cﬁ@lanmlhumts
desc ?ﬁi LR @ik em%%dnr%e F'h.%allljy P%ntérhéﬁéﬂe%{o%s a&ea ﬁl%gﬁged m

IOn on a ace n accor
COpl\anzIrhoxtvilﬁl Vﬂ{lbh)ihteﬁﬂdl reﬂectors in the plufality. of 5814 édlllwnsis blatt eSlaveell

it e D ol e i by g BT R B some

emb%ﬂlﬁﬁsﬁfsszﬁﬁhieﬁﬁﬂfeﬂ‘éét%% dﬁlul%ﬁ%ﬁff ISkl r8fl&Rird RS WHoBoW Rore. In
accordance with an enb ment the present

somg pmlbo@memsmn igeriahreflegior inl the plpelisotantemebrstlecders comptises a
plasil 800,80, ALLAY Alecld SEAALI NG SURH) A FARL DR AAdome

ors, 1 n accor nce an e |nen

embﬁﬁmteh’a ar ﬁ&ﬁﬂﬂ rdbpﬂbi' athé phurality of mteﬁlagreﬂaﬁérs is

Iustrates a i on | oad) assenb] y.. met hod i n
a single U APRIS O 17 1E eetiyp geial grbmf‘c%{?‘? nens a ofgss-sectional shape

of at RSN CARERIP AT pRASY Q@ﬁ%l reflectordik gstro?(p Bh some embodiments, a

illustrates a pressure | oading assenbly nmethod in
crosgracetipprd shave il ail uﬁmalp‘pwtm e pluredy pbigternal reflectors is four-sided

and E 'sﬂe ﬁﬁ@gf&hl Ei%g g%ec%og %ﬁ%qgﬁ[?%%ﬁ‘ ?ﬁ‘)&%d lxﬂ%nx{e circular or

I'n accor e prese
elhpambl In@ahe einbodiments, eFdrgss sﬁdndnb] shagber (fﬂaﬁmta*naiaeﬂecadr in the plurality

o R B T aF to L 0o RGBS SOL T ol 0 B
diffRehaeicEBRthedhtechierapegsent application. 10Fig. 22

illustrates %%ﬁype silicone, silsequioxane, D-type,

si Still gnotherranbodingae of the invention provides a solar cell unit comprising a
cylindrical shaped solar cell,-a filler layer, and a transparent tubular casing. In some
embodiments the cylindrical shaped solar cell comprises a cylindn‘caj substrate, a back-
electrode circumferentially disposed on the cylindrical substrate, a semiconductor
Junction circumferentially disposed on the back;electrode, and a transparent conductive layer
disposed on the semiconductor junction. The cylindriéal substrate can be a hollowed cylinder
(e.g., tube) or a solid cylinder. The filler layer is circumfereﬁtially disposed on the transparent
conductive layer and the transparent tubﬁlar casing is circumferentially disposed onto the filler
layer. In some embodiments in accordance with this aspect of the application, the
semiconductor junction comprises an absorber layer and a junction partner layer and the
junction partner layer is circumferentially disposed on the absorber layer while the absorber
layer is circumferentially disposed on the back-electrode. In some embodirhem;s in accordance -
with this aspect of the application, the solar cell unit ﬁ_lrther'comprises an antireflective
coatihg circuinferentially disposed on the transparent tubular casing.

Yet another embodiment of the invention comprises a solar cell unit comprising a

cylindrical shaped solar cell, a water resistant layer, a filler layer, and a transparent tubular

casing. The cylindrical shaped solar cell comprises a cylindrical substrate, a back-electrode
circumferentially disposed on the cylindrical substrate, a semiconductor

-



silicon, in accordance with the prior art. Li ke
reference nunerals refer to correspondi ng parts
~throughout the several views of the draw ngs.
D nensions are not drawn to scale. 15 5. DETAILED
DESCRI PTI ON Di scl osed herein are nonpl anar
juncsioh grcweletenadbatitosedsort he badkrslestrodpgnd o lranspereat eppductive layer
. i nto ectr.ical ener a re.particularly to.. .
dispo R bl SR B oort PR (PSS Mo g evtinder ora
hollBasd eylhdeelol m@ube). The Witer psistartliyen palidcaaldranially disposed on the

provi des individyally cjrcunferentially covere )
transpRaFRaF SRnsbetasIlayer-c a1l jayer %Tébmfﬁﬁ"a”tﬂajzh‘ HisposFdn fgveer rosistant

layek. THR@a SRR MBulth 83N Sk @M BreRAnIR s Sds0F 811t 95 £ hyer.
view in Figure 38. In a solar cell unit 300, an

el onjanetienmrpidanent 9bthainveetion HOZId¢s slareclB@)it c@nprising a

.circunferenti al overed by a transparent. casin
et TR Gl ¥ YRS R e R Sl R e Mot
casitiThe S@thdeioalRhipdsoar &l @inpeietd a c@ﬁn%dlai‘@aim,tal‘blaak-electrode
. transparent casing 310.. In sone enbodi nents,  only one
circ reaggl%msras %&ﬁ@ Gylayirigpl suggtyates g serpigo 5 BECHIP ¢ he

cirerh RRARAN AIpo&RADME: BtR-clelr@ledSd 4 tRinkRkdhk 8hdBRE ldyeF @bposed

connect i on wnthggghgcent solar cells 402 or other -
on thej sewigondyctor|juncs e eplbetricalnubstrasoian be el atholivmed (e.g., a tube).
he 98 B0 AR 9%R AL YE PRGAR el e The v
resistidelageitis cealmmnaeidy disposed bi thed]lRe Rpér. The Rinspabhtsubdd casing
. .or qther circuitry. : In,sonf enbodi nents, the
is ciicpfrs el fispass agtodhe WAl resistapt lagefr i cal  shape. As

used herein, the termcylindrical neans objects

having a cylindrical or approximately cylindrica

shape. I n fagqt BRO¥F PESCRIPTRONSGE THB DHEWINGS
i rregul ar shapes so |long as the object, taken as a

whelee] it trdona¥didddldr edls in RbGRIaRYd Witehihk $abr art.
shapes can be solid (e.g., 35a rod) or holl owed
(e.g., a tube). As used herein, the term tubul ar

means og&gcts having a 14 WO _
200% B480BEERETA BISROCH SoleeElEneluding ap-tyne isgsp Fayi andtag iy

t ar objects can have
QpePﬁgﬁ%ﬁﬁgﬁngﬁgggéﬁg%ﬁﬁgﬁéﬁggﬂ#he obj ect, taken as a

whol e, is roughly tubular. Although nost discussions

in_th esent a icatio ertaining to solar. cell.
nFleo B GHSERE ¢ RPPRe R Eunelal el it ga fthar sicon tube
of n—gfﬂ)% apadcatedihanRadesR MibFecedd (6 difRtnT®bionahtolts outer surface to
covered enmbodi nents, it is to be appreciated that

formapted psconduitiyHE s redomand{us 3 wbwlar sob celhingeeonglangsavith the
the present application. Any transparent casing

that provi des support and protection to el ongated

solar cells and permts electrical connections

beﬁﬁg

prio

50 ist ah(g'oss-sectional view of an elongated solar cell in accordance with the

prior art.

Fig. 2D is a cross-sectional view of a solar cell assembly in which a plurality of
elongated solar cells are affixed to an electrically conductive substrate in accordance with the
prior art.
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el ongated solar cells are wwthin the scope of the
systens and fret hods of the present appliccation.
10Descri ptions of exenplary solar cells 402 are
womoasaicoad i n this section as well as Secti onBCH1U22007/006615
t hr dugl2ESs 8 crdsesedtiosdlvieveof ao&rmblbassaﬁbb&lmdpomddmimme away
f unc%? Es thﬁt can be us%1 n solar cells 402 are
TR & LeieHne AT dragepranes vt @BWHI y systems and
met hods for manufacturing the transparent casing 310
are descrjbed in Section 5.1.2. Systens and net hods
f or Figar Hystsasesaa phistdviolaia elzmant with wbular easingaineweordance with
[ r .orm sol ar 15cell units 300
em%@ﬁb?%g%%gf%Q g£%§gﬂ&%@§$ . Solar cell units 300 can
be assenbled into solar cell assenblies of various
;IOtZ Sﬁﬁ ?’E}d I§Q{a cgtsa ({x&sgg&g)lrn E)\Eeleﬂglp :;l:r{ {}%)lggl?tte}é s%L]uq cell in a transparent
tuthtil & easing Bn hédodddnt @R ah BRbSIIRSAC TId profal aﬁgh@é‘ﬁoﬁf an
exenpl ary enbodi nent of a solar cell unit 300. O her
exenpl ary enbodi nents of solar cells (e.g., 402 in
Fi g .
F1 9458 0800 S B SRRl o
aceuimte i ad@hbodines ofithe gresen applakiorf. or t he sol ar
cell 402. In sone enbodi nents, substrate 403 is nade
of a plastic, netal, netal alloy, or glass. In sone
enb e, Tenllgstidie m;sa&@{t Qubh@3 chsings W dcdsvdhsd withaR@sbodiment
In some enbodj nents, the substrate 403 has a hol | ow
of thsrnsesentapplicalionr at ed in Fi gure 3B. In sone
enbodi ments, the 25substrate 403 has a solid core. In
sone enbodinents, the shape of the substrate 403 is
onl ¥iggprienicmes-abofiontlatievodfl @orgptedrsdlar cals imhjbelat casing that are

tha a cross;section.taken at a right angle
oIFERAIE At eSS R AElray B Eieadln ffrmilr BT pale
ma@hér, ﬂﬁ@cﬁ:@hﬁ&rwfftm@ﬂerﬂbd‘dnﬁ@ﬂt%fth%ﬁbrésﬁﬁ dplidhtios. used
herein, such approxi mat el y shaped objects are stil
con3|dered cylindrically shaped in the present

ap P 'FE gC aB; EQ croad E&ti%ﬂﬂ%n&@ﬁﬁé’d z{B%BI fine ‘fﬁ 4BOk F?go ?&r&f)ie{i]ng the

he substrate 403 is a nonp anar osed
se@ﬂ abetncsberrrang@nanwé solamcedl® inaneastrmatilyven secordainte with an

enfBBePlalhabiSt WRIEBME cnbooi ment s all or a

portlon of the substrate 403 is any solid cylindrica

sha ol | owed cylindrical sha
bt ACis guwgp DEBRRCHNE Wew(9S EONAG Pﬁ?l& 45 lusteating various

lﬂﬁ*’%sé"‘r@?%% S &l ;*éggég?&ﬁﬁ%‘”&%%‘é?&@&?@?%*% i
apglirgien.as t he substrate 403. In some WO
20081060315PCT/ US2007/ 006615 enbodi nents, the overal
outer shape of the solar cell is different than the
S haﬁ% ab ib hercssl-lsedtibailenmaf anl glorspated selabodl st aboutt ihe 4D-4D
E gérate 403 i s . onf| us In_sonme enbodi nents, the
of r yAECOrAaNe Vi 45 o r@f?na Pt %eafes%ptﬁav e can be
measur ed usi ng several dlfferent metrics including,
but not limted to, Young's nodulus. 5 In solid
mec Rigsi $4- Salusats spmirondustqrRynclignssibatarowied AB varipus elongated

sol¥PLuig uM?Q—tHuE SmbIB e present application.

Fig. 6A illustrates an extrusion blow molding method, in accordance with the prior
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elasticity, elastic nodulus or tensile nodulus) is a
measure of the stiffness of a given material. It is
defined as the ratio, for small strains,>-of the rate

woabosusesige of stress with strain. This can bectws2007/006615

experinmental ly determ ned fromthe slope of a

stress-strain.curve, created durin ensile tests | .
o ondier B asn Bt BbIcR prolipa hethod. iy gfenyfacs with the prior
arffodul us for 10various materials is given in the

follow ng table. Material Young' s nodulus (E) in GPa
Young's nodulus (E) in Ibf/in2 (psi) Rubber (snall

st r gp)sOiddidlesh shre R &85! i i
pol yég hsyclO %ﬁéﬁ%sz %rg , 88’6@8\% prrlé(;%éﬁhe ne %%’f{?me with the prior art
217, 000- 290, 000 Pol yet hyl ene terephthal ate
Fig. 7A is a cross-sectional view of elongated solar cells electrically arranged in
series in an assembly where counter-electrodes abut individual solar cells, in accordance

with another embodiment of the present application.

Fig. 7B is a cross-sectional view taken about line 7B-7B of Fig. 7A that depicts
the serial arrangement of the cylindrical solar cells in an assembly, in accordance with an

embodiment of the present application,

Fig. 7C is a perspective view an array of alternating tubular casings, in accordance

with an embodiment of the present application.

Fig. 8 is a cross-sectional view of elongated solar cells electrically arranged in
series in an assembly where counter-electrodes abut individual solar cells and the outer

TCO is cut, in accordance with another embodiment of the present application.

Fig. 9 is a cross-sectional view of elongated solar cells electrically arranged in
series in an assembly in which the inner metal electrode is hollowed, in accordance with

an embodiment of the present application.

Fig. 10 is a cross-sectional view of elongated solar cells electrically arranged in
series in an assembly in which a groove pierces the counter-electrodes, fransparent
conducting oxide layer, and junction layers of the solar cells, in accordance with an

embodiment of the present application.

Fig. 11 illustrates a static concentrator for use in some embodiments of the present

application.

Fig. 12 illustrates a static concentrator used in some embodiments of the present

application.
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2-2.5 290, 000- 360, 000 Pol ystyrene 3-3.5 :

435, 000- 505,000 Nyl on 3-7 290, 000- 580, 000 Al uni num

all oy 69 10,000,000 G ass (all types) 72-10, 400,000
woBwessornd bronze 103-124 17,000, 000 Ti t ani uRCT{/UB3007/006615

105- 120

Fig. 13 illustrates a cross-sectional view of a solar cell in accordance with an

embodiment of the present application.

Fig. 14 illustrate molded tubular casing in accordance with some embodiments of

the present application.

Fig. 15 illustrates a perspective view of an elongated solar cell architecture with
protruding electrode attachments, in accordance with an embodiment of the present

application.

Fig. 16 illustrates a perspective view of a solar cell architecture in accordance with

an embodiment of the present application.

Fig. 17A illustrates light reflection on a specular surface, in accordance with the

- prior art.

Fig. 17B illustrates light reflection on a diffuse surface, in accordance with the

prior art.

Fig. 17C illustrates light reflection on a Lambertian surface, in accordance with

the prior art,

Fig. 18A illustrates a circle and an involute of the circle, in accordance with the

prior art

Fig. 18B illustrates a cross-sectional view of a solar cell architecture in accordance

with an embodiment of the present application.

Fig. 19 illustrates a cross-sectional view of an array of alternating tubular casings

and internal reflectors, in accordance with an embodiment of the present application.

Fig. 20A illustrates a suction loading assembly method in accordance with the

present application,
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15, 000, 000- 17, 500, 000 Carbon fiber reinforced plastic
(unidirect h@nal al ong grain) 150 21, 890, 000 W ought
iron and steel 190-210 30, 000, 000 Tungsten (W
woA06/046405 58, 000, 000- 59, 500, 000 Silicon car bi HeT/S§i0&)/006615
450 185 2080} ¢@@teS arpgessen laadingiasemblAGnetbd irbds0ordance with the
000,.0 O 94 000, 000 Si ngl e Carbon nanotube 1, 000+

prisf?f HHG©
Fig. 20C illustrates a pour-and-slide loading assembly method in accordance with

the present application.

Fig. 21 illustrates a partial cross-sectional view of an elongated solar cell in a

transparent tubular casing, in accordance with an embodiment of the present application.

Fig. 22 illustrates Q-type silicone, silsequioxane, D-type silicon, and M-type

silicon, in accordance with the prior art.

Like reference numerals refer to corresponding parts throughout the several views

of the drawings. Dimensions are not drawn to scale.

S. DETAILED DESCRIPTION

Disclosed herein are nonplanar solar cell assemblies for converting solar energy

into electrical energy and more particularly to improved solar cells and solar cell arrays.

5.1 Basic Structure

The present application provides individually circumferentially covered nonplanar
solar cell units 300 that are illustrated in perspective view in Figure 3A and
cross-sectional view in Figure 3B. In a solar cell unit 300, an elongated nonplanr solar
cell 402 (Figure 3C) is circumferentially covered by a transparent casing 310 (Figure 3D).
In some embodiments, the solar cell unit 300 comprises a solar cell 402 coated with a
transparent casing 310. In some embodiments, only one end of the elongated solar cell
402 is exposed by the transparent casing 310 in order to form an electrical connection
with adjacent solar cells 402 or other circuitry. In some embodiments, both ends of the
elongated solar cell 402 are exposed by the transparent casing 310 in order to form an
electrical connection with adjacent solar cells 402 or other circuitry.

In some embodiments, the transparent casing 310 has a cylindrical shape. As used
herein, the term cylindrical means objects having a cylindrical or approximately
cylindrical shape. In fact, cylindrical objects can have irregular shapes so long as the
object, taken as a whole, is roughly cylindrical. Such cylindrical shapes can be solid (e.g.,
a rod) or hollowed (e.g., a tube). As used herein, the term tubular means objects having a
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O anond (C) 1, 050-1, 200 150, 000, 000-175, 000, 000
In sone errbo{éi ments of the present appli/cation, a
material (e.g:, a substrate 403) is deened to be

wWOoriogf/aosyssen |t is made of a material that haBC®US2007/006615

tuwah@}' appregaodtely teful2GhagRa In S, tuhuba bbjects 86n I@Fa imegular shapes
18 0 ter a or greater, 60 GPa
% 4 e"i\‘% oé'gctqzﬁ%gsd%gﬁcgc is rougﬁ)lg bull 1o .

one enbodi nents

of bt Akhquzk &gigt diﬁpﬂigbﬁhah ?pr&gﬁ@dp@htaﬁﬂo&ﬁ&tﬂmﬁg &d\}ﬁ)lar cell units
subst te 4 1 S eened to e rigl en the oun
3Qte i e oo r?é eler By capansilaisd SRORIESAIS oY svcwf@@ﬁa%ly

cRbred lehbBitnent2Ust s t@%%?br@&ﬁte@ i Sithld@dudsidnS &rve ANEh Bhifation
said to obey i—looes I n sone enbodi nents,

totthescopb et the prsserg 3pplisatierd eﬁmuuramparwtlcam@ﬂlammﬁw suaport and

f
rb{Rhorts BehghBR s Garoci® tha SRR b G spe bl eeh s
elopated|sats celRubbwithianke $0pd of{ R ©8RImsahd viodk 6fthe present

&raj ns) are non-linear materials. WO
aPPHeA860315PCT/ US2007/ 006615 The present

ap pl Dé‘s&t}#ﬁlﬁ)s of e)fk%pléry b 1hek1ls 903 %%Fdﬁ&fﬁsin Elﬂ@iec @ﬁ’ gs well as

indrical 'shapes or are solid rods.
Sqﬁbmﬁ iaﬁﬂmuahrﬁefi strgnstance, exa@plsant wlmn@tgmem:tme@l thaycan be
oy S SR RO S5 28l s o
mﬂujauumrigBhe thaphennasing 3$@1a|aeiescaﬂbecbm Swiiohe. ZOfSystems and

ovO ny.5shape characterlzed b
mf#* fﬁ#@é@ﬁﬁ%ﬁ%%@ﬁ%} 400 ish fhstaspasent s#ngsH; g gr 1 form solar

ccUd BoCCate YRMASH BEABRS. 1.3 NSol RN UnRYI G GR%De G8RndledTnto solar
be linear in nature, including triangular,

cefl gssemblies efrvarigantizasgad shapesiogsyeratgicleckicitliavd pejeatinfly heat

near segnmented surfaces. The boundi ng
wz{s{ﬁrg}g)ﬁ]cegfrf}]udé an n-gon, where nis 3, 5, or greater

t harFinre @B, illtstates tlesosesettional wnem oﬁen mumlteyi exlnyoaamynt ofa

onhyj nat i | i near sur ate S
sofi b oL P etRler bt BEs RERUR 1S 5. 20251 BRtre 48)
aré’hl@t&k{ﬁﬁbﬁrfopéﬂa}in% By a @ARphRAt @kingizngul ar cross-

sectionis illustrated to represent nonpl anar

embcubiede §0bfAtSh'é5tr|§¥¢d’tOé\$9ﬂV§$aﬁsca shbstratefor tewelapecll 442. In
s0 %&Hb@gﬂ?enikofsﬁﬁu{n‘é 3bs M Wad! BIHIRRE aﬁﬁ%e&?ﬁ@t §p iR In

e used in a OVO evice I's non
sopreaothodiments the substrate 403 lS cyimdrlcal shaped. In some embodlments the

substrate 403 has a hollow core, as illustrated in Figure 3B. In some embodiments, the
substrate 403 has a solid core. 'In some embodiments, the shape of the substrate 403 is
only approximately that of a cylindrical object, meaning that a cross-section taken at a
right angle to the long axis of the substrate 403 defines an ellipse rather than a circle. As
the term is used herein, such approximately shaped objects are still considered
cylindrically shaped in the present application.

In some embodiments, all or a portion of the substrate 403 is a nonplanar closed
form shape. For instance, in some embodiments, all or a portion of the substrate 403 is a
rigid tube or a rigid solid rod. In some embodiments, all or a portion of the substrate 403
is any solid cylindrical shape 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 solar cell is the same shape as the substrate 403. In some
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In sonme enbodi nents, a first portion of the substrate

403 is characteri zed by a 15first cross{ secti onal

shape and a“-second portion of the substrate 403 is
wocharaaehieri zed by a second cross-sectional shepes2007/006615
emifodingentd) thefaveratl oateal sb@e ofi dxecsoltaseeﬁse diffecanathas tiashapeadsfehe

or diff I odi ments, at | east
Suﬁ’%‘ﬁ“cp Womf'a‘fmg%g “tME?ﬁ S%F s n0BfbIPRS St ¢ i rty

__pergg E&me ahbdBRAshts 8¢ SobsRRE Q@S"Is’ng‘?é Rl@ o?hfrﬂaYenal can be
percent, at |east sixty percent, | ast sevent

mygeure@ psing saverabdidferant gigtncs ml@bmg, buTenot limited top h’@@ng/ s modulus.
i t 0
i BE1E R8st BB o R0 B SRS ot
eldsﬁcwp Hhstﬁi‘fnodillﬁmdmtensﬂt hepdidussib a aieasse skthe stiffiadss shogieen
i s, nar o ar uate Si t he second
mate é%@%ffnaﬂ g? f@ﬁa% HHE2 tStrP‘é%tsotf d’lﬁﬁ%te 3? ehpnge okgigpss with

strhift, SI‘PlePcaﬁ @P@Qﬁéf‘ﬁﬁgnﬁaﬂyt&%nﬁhﬁ@§ tbAlRe él@p% b sRsiestlin @irve
uret hane pol yner, an-acrylic polymne

crdafadotusips tepedy testy @pwswg anagampled! tfwanaﬁrrﬁid\éoung s modulus for
yet her et her ket one,
‘mHSYy&Eééﬁgk ﬁgﬂh%%g%ggguéﬁﬁﬁéhenollc pol ystyrene,
cross-1linked polystyrene, polyester, polycarbonate,

—peL-ye%hyLene—peLyet—hsﬂ—ene—————m———-T—

oni tril ebut adi ene- st y¥oHag's modulus  Young's modulus (E) in
Mﬁ%ﬁﬁ\ﬂ etrafl uoro-ethyl ene, ynnl(@)rﬂ%ﬁgﬁr yl ate  dblim (psi)
Rubber (swell sdinke acet ate but yr atle01-@&| | ul ose adS0B11E,000
Law drindity pelyéthylpheast i ci zed vi nyl 08r pol ypr opyl eﬁ@,OO‘Dn
Pobgnepyderieodi nents, t he substrat d.%03 is made2 B1,000-290,000
Polyettivildiestreplahdlategl ass, borosilizase gl ass (2903000-360,000
Pob@ByEx, Duran, Simax, etc.), di-gBroic gl as$35,000-505,000
N6 mani um / sem conduct or gl ass3-mgl ass cer apd;e00-580,000
ARRlihrRbifoy fused silica glass, sgda |ine glasg),000,000
GIgshl fpd ass chal cogeni de / sul7|gh| de gl ass, f(gw@g@e
B aaiﬁ’br&}g ex glass, a glass-bagggophenolic, c ,6(%,@}3)

Q;Q? 0-17,500,000

flint glass I n somg Znbgdi ment
EE?WEGE a. solid cyli n(?%l cal shape 150

’Wﬁa‘%"d@iﬁ Cubst r at es 4035¢an be made DL800H00a

E‘i“ %%Er MNetal, or loy. 35In s
, cross-section %@33 substr 02%
T%F‘E‘&Mrentlal and WD 20081 PCT1usé 0,000
Sikiepn wrbidafSie) di anet er of bet weeA’B mm and

Tupgster eatbige fMQ@nd 75 mm bet\/\/ee‘r§0355ﬁm and é@)o 00- 94 000 000
Sipgle Wethen pangtbeand 40 nm or belf8&h 14 mMm and@iﬁ’oﬁiﬁpo
Diemogd () enbodi ments, a cross-lsOth,d0 of 1 h&0eQ:0R0-1 00,000

403 is circunferential and has an outer diameter of

bet ween 1 d 10 one enbodi.nents, th

subdt salpgembadient o tsprise Rt PRI PP GUBHTAI L, » sibHate 403)
is B&UrddQ8 be hg ieERsHeBE A hfaterfl HaORS aSERing@Mmedulus of 20 GPa

substrate 403 is characterized by an inner radius
or greatei, 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 403) is deemed to be rigid when the Young's modulus for the material is a
constant over a range of strains, Such materials are called linear, and are said to obey
Hooke's law. Thus, in sorne embodiments, the substrate 403 is made out of a linear
material that obeys Hooke’s law. Examples of linear materials include, but are not

limited to, steel, carbon fiber, and glass. Rubber and soil (except at very low strains} are

non-linear materials,
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defining the hollowed interior and an outer radius.

The differente between the inner radiusand the outer

radius is the thickness of the substrate-403. In sone
nts, the thickness of the substratepd@shd7006615
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?al i um do nc OoXIi boron doped zi nc oxi de
SCPOTY; TPRS APH n@‘x“‘i pe haga %{Ionﬁﬁ?clﬁfﬁs fack-fill ed oxide,

a grakbint emeadinRAtshha skbstrhde408 e ofd B&hRPolymer, an acrylic
bl ack-filled oxi de, a superconductlve car bon

pabyraRrka fIperopel yYBRT. @efybwa@my e golyipridnseelytriadpareeshylese,
o&e&%?%@&%%o ﬁ@bgﬁﬁﬁd‘e {rﬁéeégﬁgé ﬂ'fsgd f?é h@ @ﬁé?x@uﬁrg%\’lﬁukcd
pat;csmrmen polgemdumlyuaebo%fe; pdlgethylmﬂm phlyeuhmlenw rcu:r,ylunrqzxwL t

e RRRact B RTOBEILIES S0\ LARPYER Lon bR, SAse acetate
bxﬁy@ﬁ@u@éﬂm{ﬁe BleRiid, irfpsd ﬂﬁ?ld pnagnoﬁiw VYRS lpblfy@@@y;eg@t inOme

t0 formthe back-el ectrode 404 contain [ Ters that
embodimenis, thecsubsirate Hivdis sadg ef duminastlicaty glags, hgrosbics glass (e.g.,
Last { BROstmi tor gl
PRLPAS) PRk RD) LR R ALY, SR shmlcS iueto gl gty
ceﬁa@mc wiilidaten/dysedgilivaglasasoéa hme glass gtz g, thaasgmde / Sulphlde
t f.d t y
iggﬁsi{lj or%dg ﬁlas? g;)y{e?(rﬁ%g ch gsgggl h%nJ) g%géécﬁ@%is or filxﬁt glass. In
soﬁﬁl’&hhbﬂmwaltsp tepabitiats403fis hhelld d:}llindflcal shape. Such solid cylindrical
em co nct i Qon 410. A sem onduct or. junction
SUBSOHAAUD G B RSt s B, GBS HoY The
Sen [GREMY ebbdiméne! 4 Bdsdddtib® oty sitRehe Mo} tsdirtumferential and
honoj uncti on, heterojunction, heteroface junction,
buri ed honojunction, p-i-n jlg/ncti on or tandem



10

15

20

25

30

35

10 junction having an absorber |ayer that is a direct
band- gap absorber (e.g., crystalline si Iﬂ' con) or an
i ndi rect band-gap absorber (e.g., anorphous silicon).
woSumsshaisct i ons are described in Chapter 1 obcBub®o7/006615
haPhwbmwodifrakter d)fd:tcavéeaBsmmhﬁ& 300 tmm detwakn Calrh agd 7 Pmas detween

s BETSA0 555, 50 B A UERLS: 25 RO e

em%‘éﬂﬁnenkst g crosM?e%hoﬁ"'Hﬁtﬁ@ §ubs§£‘t€ lsames, clﬁﬁ‘lﬁfbré}fnalf\ﬂid%s h® outer
her eb iSl ncorporated by reference herein in it

dlmﬁt¢rr<§byme§@t1mm§n®ﬂ0%@nﬁpl ary types of .
seni )
o oLE RIS thd St Bl 8 aAHEAHEL Gl iyl Bortion.
In hﬁjhcembotinnanh;i atcrctsnsdfoﬂon b’ésv.éxmarphm ig charnettrized $y an inner radius
sclo in,Section,5.2, bel.ow, tions 410 can, be
e llonan iicrior At o ottpr atiory T EEEnS hei R dhLigre
raddfs atda&hé SUREH fa@iRls fkRe KA1 MRdlstbgiat 409N e sRSehbt@iments,
preferably, have successfully snmaller band 20 gaps.

the thicknese oéﬁmcsulpmm@3 it brtweed. & ovel st ) mmy hetwieen0.4 1om and 10
men nt’):eltdd%e mH] gﬁ HAGR n%tl 1 HE gidsfllnﬁﬂ Iﬂ%o&u%ﬁ%dlments the
absor n Some e

inree mdmndmmen 1 mm:hmcbmoékflﬁ bawaersbmﬁ-edddéﬁh rhif] o Heteen 5 mm
éimnduct or junction. In sone enbodi nents, the
nductor junction 410 is a so-called thick film

(€. Gy sonSd drhSciitheiRtE ThE QIBSHRE 903 lhéd'%%ﬂg@rﬂ(pe%’é@]ﬁul@ﬂ@'the plane
mtnnsmlger 415, Optionally, there is.a thin

definpdriynzere 38) ehat {shagtregen Smm agg 1 @:@ﬂ@ BB (bEfvesien 90 g et 000
mx{%*b%%»éé’éﬁ' 1@@%&1%&’ Boédﬁﬂﬁqt bPBk é%é?l 500 G a {1 b1} %ﬂﬁn GAY

ormed usin undo e ransparent oxlI de
embodimesit, mig: subsﬁatmém s aﬂmtie\ded fobe hmmg axoutie, diamedterlof 15 mm and

oxj de, a tra rent teri t [ hi ghl.y.
a ot ol T, i SR Sl aire Aboygh e 4fafd s ghown as
solitd Bhtiyurd 9BEitZViN e aypre@ateShar ﬁ\ﬂﬁaﬁﬁrre@rmodﬁﬁ&h@dl fHel sMBstrate 403 will
| ayer 412. The transparent conductive |ayer 412 is

hatq % alleveeasn apdayill adepspasid duladarsiuctagspebisdhatfonmed by a glass
geunction | ayers 410 thereby conpleting the circuit.
,&s not ed above, in sone enbodinments, a thin i-Ilayer
415 Bugk-eleeicartei49d e At baak-leiccdb@p@ﬂedcimumfhemlally disposed on the

sl dht Stesrelfton ol sies 5 1B TS SRRGEL PEP ReraF, 1o

gesbr8 PO ®dcloBledirdda ol idhhide dub oﬁ&?ﬁnﬁﬂm dixd¥ERbtst cabTupsrt the
t ranspar ent conductlve | ayer 4 i s made of tin, oxide.

phgﬁ@haewqrﬁnbgeqﬁmtm ¢ Qlarrgeflamit AP with negligible resistive losses.

In %g?%é&%&ﬁ% %fi%@g%@d&s qeﬁgé}@ of %x%dérg&@é fgge aterial

suchi as@howinua, bflbﬂﬁmm dorgsénzianadion) dledlulm nmbmmwbmmlum
Lhc oxide i,ndi Lhc oxi.de or t|on

g SRR Sshe e e S e AR R P e o 2Ry

combidtied 1huﬁ:§f 3Iy1€sbmé J:Hlbloﬁm&lntshﬂk baeldelpacbde gom is cdﬁ‘mleﬁhd of any
[ me enbodi nents, the tr rent, conduct,i v aye

°°?‘£J°Hﬁ?j@a@fla]5 SRERAS LA MBI s“‘Q@HFHBW ﬁéﬁb?’ﬂ%"egl“ I}e/ﬂ ‘[OP“’d

tm%‘i&fﬂé%&ﬂe@'zhﬁé R¥RI NaRiRm d&ed SHRMRIR, £RM BbFQASinc oxide, boron
(Frankl’i n, I\/assachusetts) and are described in United

dodrinsoridt diungziog @xiglps: meel-eaborsblack-Blisd dideon gwhﬂ%@hrbon
C |

oS0 AR AU AR LS O AR

oxidegar) epory,i aoronddddive glass, do p edndutcties plasiins Mrdeﬁned herein, a

cpnduct, ve | ayer 412 can be p-do . .Likewise, in, .
oo piatss ichet Hieidloapo LBkt op iy i appive
filleRsenlitin Gl @, idhbert itseimcod @neide ptdpertics ANBPBIaSKY. In some

conductive |ayer 412 can be n-doped. In general, the

transparent conductive |layer_412 is preferably nade

of a material that has very1$OM/reS|stance sui tabl e

optical transm ssion properties (e.g., greater than

90%, and a deposition tenperature that will not
damage underlying layers of the sem conductor
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conductive pol yti ophene, a conductive polyaniline, a
conductive pol ypyrrol e, a PSSdoped PEDQI‘ (e.qg.,
Bayrton), or-a derivative of any of theforegoing. In

wozorsaeenibodi nents, the transparent conducti veCcTagmnr/0o6615

erﬂmlm@ﬁp thes@ndugive ptahms ueerkin| theypresent applivationgo &rni thet

oo P Rl PG A PRl oVinkiept ey efent Sitying pats
thrdagh e ASHE nidintl®, sugxlﬂf}f«‘ﬂe phétevaltaictRire st @nera BHRNar cell
I U

do ed ZI nc oxi de, m doped _zi nc, ox] de, -boron

8 vi g&ﬁIbeelFﬂétived(’%M h@éﬂﬁséﬁ meafisr e epndugiive plastic is
T
fillesS- doped PEDOT (e.g., Bayrton), or a derivative of

f orego Addi tion sui t abl terials
Y Sl A iR b f TR G dound the

ba%bl@;t@cﬁdeaflm dihe séhRestuctdr [WnkctiGtd B ia kRS pidad@Nhic homojunction,

ubl i cation 2004/ 0187917Al to Pichler, which is

hejeapiuRRHONNRESTIBF R {UaESY brrisddiomienchen ¢t i Jwictiqnsor tandem

li

o s B b R e Becdeiy i
siligpp) dromtindirgct baodi gapabsarioarfe. g amb@bbmscmﬂecos] r$ysh jurctions are

ek e O PP, O b S P
Lontieny.as wel129 MR gdOedirade N2 03, Hbadzﬁalo%fPM@vo&bfclsa&née?&d
are thin strlgs of electricall y cqnducting materi

Engpgeripngydohny Ndlek @ Sensal-ngVesh suisendngland, e(a elyof \ﬁ@ﬁh I?ahefeb}’
inXuccl by hotbrefide herélh PR crfrdt/DERUSON BEmbAl ypdor
sem|conductate jwictivnsst 1ir a@osian¢eomithl tlratprsspmapdlmanmemaiﬁsslosed in

n t rface .af.. thetrans arent con tive Layer
seff! R iRlohf g R AR e ERER R btad S G 52
beldb2Q jurigtiomad 19 dar be tranltendtions mewhieintgiataverpaded thiidore of the
. I I th I I
ju%%gtg 4g¢ H}rw}éghsrg‘%ég %dlgqnqtlglrls;/ at: B%gc?*a hase gu)éccl:ss Elly gr%alier band

/ 2
AT LI PR oty v
@

galliam-disgjenide (G byorbradpyer, Intsmmeylbdélgmb, the mmucynductor
f NeIA
jufidh 850 ie ot EF i fim stk AGBE R, Sh¥oiE ofimens, we
serafcondetdrjamsipanedis a:smmiued ihweek fIilary(erg J4ilikon) ermeiuctor
enbodi nents, there is a single electrode strip 420 on
J“"t"ﬂ@ surface of the transparent 5conductive | ayer 412.
nEIRRBisIFAReS 413 hOpSorlafly NRer® I@&ﬂﬁrpi%;éknaﬁr :48er)

on the surface of the transparent conductive |ayer
4limtzcumﬁcfr®§déy eotiag ﬂw@ﬂwon@mreumoémﬂ 0. The ielayeriddiean be

ol gy B ol QOB o Bt g

metai oxle, dnraanystmas;mrﬁnt matedmbtﬁmt\ne highljeinsuldtihg. dh bomaiernboiiments,
rall near paral.lel, to each down the |ong
theoa‘?ﬁr 43% ‘scl?igsdy&‘f% B3 %% solar cell. In some
enb apli,Apaiens dPihane I8er o DH eTIR! tFAnBSaréR QoS RMBRI W12 is
spaced about the circunference of the transparent
cirpigpgratipldisagass on the semigondyciprjpactiondaygesst 10 ttatelyrpompleting
theFdxﬂ:HfteA% %oteh%abé &f Ditd c%ﬁ?oo%ﬂﬁé]ﬁ‘é W?.@B?-'Iafeﬁglﬂs SRR Rntially

strips are not evenly spaced
dlwbsedmftbtr aﬂweomlfuclonﬁmtcfn@ﬁl@a e ﬁmchwﬂmdumnm tHedxppsparent
0 t S
condlt%tlvé ﬁyé o-fir‘]I'*‘z olg gpﬁﬂﬂfgﬁgﬁxﬁp’h%&?g? Lon zclg efr%HEl fn e em%? iments,
the4t€‘h11,sp€dr&3ﬁ coddiztife piyeioHi2l i} madedf il @xidd SEHDgwith a3 Brithout ﬂuormc
15col l ectively conprise the solar cell 402 of Figure
3A. I n sone enbodi nents, th?9
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el ectrode strips 420 are made of conductive epoxy,
conducti ve |hk copper or an alloy thereof, alum num
or an all oy thereof ni ckel or an all oy thereof,
wosiohy/ss038r an al | oy thereof, gold or an al | oycifustcentossis
dca)mg)ruddmm—m ogidﬂéIT(_’@; daped aind vide e g. phlamﬁmm ddpad gtwwxide,

azl:n‘og g%e are e ctrogej é sthaérun
ERIYRGe "i‘“o‘?f@ % BPTOP 9P R AiRcpide),dndiu ZlP‘h%’“ oA Y cel |
cRBInAtRAIRreIre ¢ siCeribddiment R hkRi&RRORRES mfera@@ B either

other by grid lines. These grid |ines can be thicker
p-ppad orhdeprdr In heme embodiments Ahestragisparent gendugtive layer is made of

t .

caglgoﬁxgﬁaggg (Eeeirrg na]ipﬁgfsra?% gﬁhbﬁﬁ?;%@ﬁ agﬁéﬁ»?g)?an%;leh # Eikos
(Fedrdutiny Mdssadtusetss and are éeumbainhdﬂuw& IStages Maleat §08R;9250akdbich is
hStrIHS 420 g%g d Eyslted on. the tra s arenf

SERYIACRIBYPY NGERErGIR HIhiS SREY o F O1fXpRpPienig embodiments
whra MRl Rfer QEmiteRdU¢EdriiyRr bike }%@ﬁoﬁ:ﬂr@ iDp-ddp&] teQfanSpacdht

strips include, but are not"limted to silver |oaded

casdugiive lkavier f# baeracbeqodapadt Likewisakin embodisrentsevhsearheontes
|
RSP i RSP0 RGP A SR R 12

cah)bplnechipeénhoghnmh ttls treguspdnert nkmdunnvel[apeﬂflég 13311ireferably made of a
formthe el ectrode stri

d rd . t
Sl ot T PP bl gl RsBisien BRpTUEH A fberate
thex 9@%F ahd SS@[BHSltﬁJﬂﬂéﬂqu@éth&ﬁhat&ﬁlldlﬁpdi&ﬁa%g uhdbr iUk Rr36F the

| ayer 330 of seal ant such as ethyl ene vinyl
seaa@métl@onumwn 4d01andlenthe optipnat blwergds, I@meodlments, the
Bfial such as a

3 S oA e P s R cal S et € B bt R
copdiitive palypobl}ma,rd)mmducmveqmlyamhye mcnpnduchhimpmlgpmtqkmrPSS-

R ABDAT L fyarion i ¢ AEraBuey ol froOFRARE. F Some

eridirQaas, e tréx@paﬁe&t\cbﬂcﬁlcﬁomya{matoaﬁmnédstnﬁdra thah @nélayer,
transparent casing 310.

indlgdige @égaﬂm@szﬂwww%éq §nOx (with qryithgpifluorine doping),
m&*EFho 0 ¢ TR e TCS Vhdlurh-£fb ok ecic::[g_gc’l3 Oink 3){1@ | é%ﬁﬁﬁxglrnuglndoped zing

I cone, S|fseqU|oxane type ST
o, gplhum dopedarinc bide,\tergon dape sowwxalehock eremitingtion ieereof and a

| :
s 7 carpivie aOXFF ik popiprPle. RESRERN R Rt £
conbidtie lpelyRirele] £PSS f:lo;sedczrﬁn@'neé g.{ Bhriom), Ioayatam&&@e af any of the
di scl osed. I n Section 5. 5bel ow.

fosgptgi Mclditionak w&a'aisma&mls thfmcr-fl%be Pggde fog@drﬁngpaaem conductive

la érﬁmgéo;eayﬁunﬁ&w@m% PaRNt ﬁlfbn&mﬁ%m/@pdm% torPlchler which
nited States Provisional patent application nunb

lsfn@rebjememraﬁdrﬂadrefefrmcediewmlahtsmtlrezom entitled A

vt 1 R PR e oo Gyt Rh R  any B e

pr&tﬂb@:fphﬂ:ﬂtﬁﬁ;%c}ﬁﬁﬂlal &ﬂﬁﬁﬁ&lemdkh;tm;s dn ddadby20 @€ dfspﬁedbﬁ the

referenc e|n in i fqQr such urp
trﬁ}“ﬁ*"’éﬁ)‘ﬁé"%ﬁﬁ%‘? Fit S 2R qutef fa Faé"y%?"t%%"é cwa%ltﬁ T some

erffﬁo?l%@dt& Xhé’éle&tﬁﬁé sttrﬁb@ 32@-&% tHifl @tr?:) S of él@cﬁ@m%' conducting material
enbodi ment s, e filler layer her nal

thetouh fangthavise ai@n&t%p mlam (esfhngrledtams) oﬁhﬂ Cﬂoﬁnszaltmh@pqd solar
ceﬁh%' c}#[c?é%t i rlﬁ%l.ﬁ%@?ﬂ' I%? er e xéglg %ﬂox‘f‘a‘l’ @ﬁctrode strips are

ayer
posjimnyd amacteyllxsuchxaismnehqamirganenf the namamnewdnduhtwe etyst 412. For

o o, S S R TR R L e BB o

at ninety degree intervals along the cyhndncal axis of the solar cell. Insome

.ﬁ

20
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dielectric gel; and at |east 30% of a transparent

silicon oil,{the transparent silicon oil (haw ng a

begi nni ng vi scosity of no nore than hal f “of the
woXBgE/0En318g Vi scosity of the dielectric gel opCcTius2007/006615
emiodraeres tilse dlectifode Biriph @2@are lspactd bt agﬁive ddgiecs RElegree, fifteen

enpbodi nents, the filler _|ayer 33 s a ther mal i
degrst Pahe 4&@% m&sbg?%?eoff)r@ de afo CrESnsisyslegreg.qugty degree
orjl@O @@greg Qﬁ&UHE bR A% RYRUEi gy tranlsﬁa?gnt %Qx?d?xc@pe/f’a%r 432, In some
dielectric gel or conponents to forma dielettric

erphadimemyl thare isasingl@olostorde giriprddh @p sheomrfaed of tb@tnaltsparent
co}pﬁu& y?g% %j 'OIHPSB}n% em%lagin‘{e l tﬁére ef% C{lec?h%ge S lp ?Q %gglr?e
suefxbool thEﬂﬁx&paxhhﬁctﬁxdhdtﬁ/e heyer 4121 dn aome embodiments, there is two,
ﬂ_‘%gg t hyl si | oxa,nﬁ pol ynmer |iq q ar%,cilqtehe .

B PP SIhHEFVaNs €18 'i’rfl%f”t}F‘é els “"%1 t‘f’? V&IIeER ppAte, or thirty or

mElcRRcRIBS stAPForRhS YRG! EdnBRARe §ly384 PRI rudnfh el, or near
enbodi nents, the filler 25 layer 330 is formed from

pax@idel, tig eaghidghn the kg cﬂq:mﬁlmﬂl)sﬁxnsmféhresob@ cgliveln somgimpodiments
t

oo 1 S AT BT of g

coZdee layed A12, fdrrexample, andepidtaden Figurd 3B In altematlve embodiments,

thp BRSSO R O oA A b ey res §f (e Fapparent

coh@ﬁkﬂi@vc Ayet PIR AR sOmeRABOHINRHEHE El%étrtid%%tr&@'clﬁﬂﬁfe dnilyHléH éhe face
has an average bul k vi scosi t%/it hat fal in the range

ofSiphwtlanseh Ebmeatn403t ¢Mde41tdd Joull a@@ﬁﬂ efiligers 3B n
coﬁ?&ﬁe %ﬂgil i)g?ﬁate s*g}a& g%lfﬁozgéf‘ Fi V\%ﬁ@ EAellr‘?é&l%TEﬁbo%ﬂpl{té S
cletitvode kryiby H’IQIdlre tnafdmoﬁ amrehictduempbkw lcorsdulcOeaink, @pﬂer or an alloy
bet ween .3 and 7 ent . b ight, silicate
hSeple AR O ol bR, Bikel a5 RSP A e 1 vsb it Aoy thereot,
go(ldl or eﬁialio?@ﬁéretﬁ‘ X tondRefiwSilho, oPY coiubie plastic.
di met hyl vin I'terninated di rrethyl si |l oxane; (i)

bet vlééﬁrn@ embadienents these e eleeiade BipRIagFn g thylone

IR S8 o Do Ml G BE 3 c
otREG/ @ﬁamsmdsu@ﬁa CintHOH bR Shiclmr Ithanathmnnr thamer the same width

asiﬁ%g{gtiar ﬁipixl‘bes&g?@ge e and ggthe Saing Oﬁ.ﬁgﬁﬁeﬂgﬁlg?ﬂically

m&@ﬁﬁl%ﬂ%@ee&ﬁdé%@mparent caSI ng 310 i's
circunferentially disposed_on transparent conductive

| ay dp sgme embavllmenésptlie@i%tmt%q yinirs 420 5redepasited oprihaapsparent
[ i
PERUNEPLE SALERYOBHO EFaBOrShndhas B e
fod @R stripsénclivds, hgt que optdinhiyedrio il ver badéder mekel) Ir(@dcd conductwe

m aﬁﬁ g"{ﬂ%}'ﬁ"%&’ﬁgﬂ %éﬂx%‘i% a?iylg S@éo%oﬁ?%ogg?ééigih@%gives can be

uskd BERSIEID theCaAGdtidde Sttids B20. Sinaysical emboditeqitsnaush ilk8 yEEpoxies
of the_ el o?(gat ed sol ar ‘;l;lell 402. In § me enbodi nent s,

arg fherppibnepaskin asderdp forp) the glgstrade siripsidde: t ne
tr ansprang }"ll&@?ﬁ%‘@lﬂu e enitdaimAe mﬁrefénpww%n, as

10sol'ar cel do not formelectric contact wt
depicted inthigire 8Rca pllerdpyar 380 ehspglant sut:hes @byiame woeyllasetate (EVA),

steone sdﬁmng % 8p%§(éfh1§(§gd1§r{%{l{ypm o CO t’ r i tﬁi?cl[?qle ptﬁa'ber

vacuum e use
pdly\anﬂ aryeadt(PY83) thernBiplsticpdlytrathbing (T@Y)) eacpd] ychebometegamacrylic,

t f th t
= B5raPEnERe 2P0T 5 PR o g ot FpeRsUsPSuctiyg faver 412 o
Seﬁp&t air@tné Qo eﬂgoeb BROVS complemeh@nSRing ta €ashaendadng 310.
e

for exanple as picted in Figure 14, 15can be used
to cover elongated sol ar ceIIs 402.
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Potential geonetries of the transparent casing 310
can includg cylindrical, various elongate structures
where the radial dinension is far |ess-~than the

wol2essgistsis panel -1 i ke, havi ng arcuat e feat ur eSpCT/US2007/006615

box-Ilhistreg embocﬁmyntp@eﬁtlmahyeg éaﬂmtar(y t)ﬁplﬂlstledné arsilsequioxane, a
hot voI taic nerati on one
DR iR M s icoB Hov By sPme ginbiitimehist ( qptional filler
12291380 is2dk RecdOdTBYeAARMIoHE B ﬁmretdl'&uba@ﬁﬁﬁwme prR§dntg
310 is nade of a urethane gm X an acrylic
@

Agblignabsuitapls matesiais doneptinnel aye( m; dxs@osed in Section 5.1.4,

beEcJ oropol yner, silicone, polydimethyl siloxane
Ig%l\/s silicone gel, epoxy, ethylene vinyl acetate

( EVAx sorpeerhbmrbmentls kthex yptfdnubﬁltm: ElHyblOfﬁi O(nE’EMmmity lzoer duch as any

of El?ﬂlsg g{ygl?)?qﬁi in E),P %EI ¥ k éﬁ)] 31? l eng)e/lg%ﬂw gwgber fo be

dete@mBRARdAVIErcH |IYCZU07(é:ﬁEiﬁ@ A :Pﬁotovoltalc Apparatus Having a Laminate
pol yt etrafl uoroet hyl ene (PTFE), thernoplastic

Layeprsdyviethod fos Maksagrbe SamerpemEng piiarrey docket aambere bl 653932
88t8 NEhiRe MRS } fi o ﬁéo}rﬁelﬁe@é lﬁg':& Ehe?e%jm its enslrety for such purpose. In

tetr a
sopmlc;nbnémhmtsehd ﬁl]méa)haﬁé() hpal \ysaomw ofd@ds dhandex (D). , In some

EHReTS eI et DR 8 hegatse P ARRGS Sheia s apests fhan
soe ecme) @ Myosh giidrahar MO0 AN P, disoBa sinbediméfls, the filler layer

nprises a plurality of 30 transparent caS| n
339ay@pgsesPﬁolgéln@tfaﬁ%'@aawgnﬂe&twm %&fslleﬁ&yer

33D SofmBARA g%e?%htﬁie&'tﬁixﬁf@ﬁbfﬁkﬁf:ﬁ@ el &%m@?@éﬁgt‘éfoﬁn{]a

sonme enbo e transparent &8s
digenipe gdpmdat leastsi0% oﬁamapmpamt sdmen nig, thagrmspamdt silicon oil

Seco d transpa t .casin endi.ng on th
heg (38 begni e gras i SR GH g Bl of PERERRAE vRRey Bf the
didlEctS Pélloe BémpctehRGo Fethhe Hi‘éledh’i%%@ﬁ g6 sefe EMBodiments, the filler -
transgarent conductive | ayer, 41 the optional filler

layes a9 haszothermal ﬁ@fﬂﬁﬁ@wfswaeglpspgarﬁatmt;ﬂ@w 300k &0 §éc€ﬁ@d

c f
o RS SEn 1 AR BR PR L it ki
gel apént least 30% of n tsosmEratbiidimehtls, somacmbodlawspathe filler layer
33@ a:‘ss t:rgnﬁgclzl %?%rsﬂn%{% é’ﬁl fl?(tg&n % Bté rare&;e?&?rg tsée? SInI soﬂxe%rr}ﬁagdlments the

sﬂ&)&ﬁ ollliem bolWrr&fhy@hldkm ol e ﬂihuel&mmﬂtercﬁdecthh gellmm mfixture of a
arent casi,ng er.. has gt er

ﬁrgt g}c‘g ¢ elastamerand acseen g:roneg oxg}gre B#o B?)o nggnts the filler

hYBR&xdn! £
it gﬂgﬁ%ﬁmﬁmﬂ i, bR T,
2]

wag}an%ﬁ)at gong &lﬂsme&md Zarbyexcightl asecondesiliqoan slastomat, where
XS4 32 ARE 100 BBl BRIE AR Bok Bigmey i

haﬁﬂfee:lt(xadd:al ﬁo?ﬁ&iﬁ (CH@)@S:@S:E){CH@)@RSE(QI—]I;EWh&c nfidsverange of integers
t hi ckness tee enlvetrans ent cas ayer

chsep SBQ‘ “?‘é‘dﬁ% B%IY‘“F’h Bf»asa%aﬂvsvigﬁ Eﬁg Vé“ﬁ%”ié(g}éat %ﬂls it the range
betUFR 50kl stakeS it 100000BNRhNREkeS X ANRLR enfbdintdn®) BRALIEIne
casing layer may have excellent optical properties

elgstompr compiwes ableast shtupareeah, byaveight, dipethylinyd-igrmiinasad dimethyl
sil an@%h@ Heten ﬁﬁ {9 ggrc@ﬂ%'y:\)r]c%]ﬁ sm‘cét@”ﬁps%%%b%ﬁﬁﬁé?& the

yers, the't eavy transparent caslng
se¢@ﬂ6rhcmel@omechmmﬂ;sest Kig niebgst sistuerasgt, bh eveighe dahbthylvinyl-

term:naclec} dtmethypsﬂotxra%] S(P %e?w‘éenctgr‘? Iar?cgthlrgy percent by weight hydrogen-

terminated dimethyl siloxane; and (iii) between 3 and 7 percent by weight trimethylated
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Optional water resistant layer. In sone enbodinents,
one or nore¢ water resistant 15l ayers afe, coated over
t he sol ar Il 402 to prevent the damaging effects of

wowradsarso3mel ecul es. I n sone enbodi ments, the OPET/US200M006615

silieit eln soesicstbadimentsy Kris betweerc3 mdrile ¥ anbétakény2 amkdlednd Z is
b nt os%t hed ransparent conductive |layer 412 prior to
< %e& “the optional filler |ayer 330 and encasi ng

t he Bohardfbdsif0R 0l D\&ﬂﬁ{)&%ﬁ"b‘éﬁﬁg 810 is eA&uM@reddAly diShosed
sonme enbodi nents, such resistant | ayers are

orLlFangpATFR CaRdUCHY S liyerdde aad/snersionaldilien yyer Hhalln same er
erhtifherts Shddhdi 31toqs fhgest ﬂgstfcl?)? gﬁgngoqg Gk lamégcﬁmeﬂt tdihgated

transparent c ment s
solgacelts %safktr dmllng Ipsqperl;s nmexddledifoctistepahbgiog dsydesaitted delow, are

s P 8 FppepBRS T GERE P Ap 2t P G U oo B SBpanE S10 i
ovePiHe Gutcamodlyer off thoBoh el celt 801, 14Qme binbsdiRiehd, e
menti oned that the optical properties of the water

elengatedsalar cqlldfRris ywida the trrpsparent sasing H Ogueththatpdjacent elongated
sogag Ffl[s?g%% ot fdrx%%'lééﬁgzg gﬁéﬁ%ﬂﬁ edcRGHRE E%F{Bf e MndS 8{ 85 solar

I'n sone e ment s |s wat er resi st
cellayMethiods, sacheasdieatshenking,| 1hj|ectm13nol&ngL orSiacxuNy loadingcan be

w5t 1R SRt aenellD sl B pelh® Riiagn gpd yaver

frddh theRgsisilds &RM Qs providel ORPUINHBRE fittiag b théRAdETYinClar cell 402.
or an Mtype silicon. tional antirefl|ective

In s eRodipgnisoiie rarspagnheasing 3Ig,rfob$3qam}%s depicted in Figure 14,
cafg“% Ll th @6dr ¥ néﬁ&@?&léﬁb‘éué g0l so circunterentially

I sposed on t transparent casing 310 to naxim ze
sol aﬂotem@hl geefnﬁtrms efithy transpasamneasmgﬁdﬂ icaeinckide cylindeicalsvarious

e hgd o e R o R, A TP Bl (e,

hasmgarﬁaﬁdéamatb@xme Sorngly poleays rge@rﬁemesimb@ﬁ)r@habvoltanc
jose of a water resistant |ayer and

gea?fﬁ 101} cnjogg embediggak thedranpparany ﬁ@f@rﬁ}gdﬁ H@Hhﬂg withp hollow core,
ant irp 6bthe %b&ﬁm@{?@tth@ﬁaﬂsgaﬁﬁ%sﬁﬁ 3 WFs%nad%'olfh %%ane foiymer

nitrate, 35titaniumnitr 'con nmonoxi d

an@pfyéllc IPDb?Uwr,Q)oﬂjd‘eetthmﬂmerylatm(Pé\M)metém@, snllme poly-
031 007/ O 6615 t t one
anpefel TBREIP PR SEET 2% SRR 5T PR BN Ris T Aot <.
petfh@i@alkaxyfiiotochiban (PE), halpal polyamite] dredsHiked p@iyethylene
ti d each |aye _e of th

PERS oI oBy Ry e TR Ted A 4P Bl e L T o
pogﬁé&z{fﬁlf)fo%ﬁﬁle‘ﬁ@ (P?FPE)' !Egnﬁﬁtﬂas%@%ﬁ% ﬁﬁ@rr(fdr%xﬂﬁﬂg E’lfF@ whlch is

ferent materi al odi ments, somne
a degiyed fowfthe palymetization of ethikgne mdetptrafblomﬂwmeaTEFLO
monomers), polyurethane / urethane, polyvinyl chloride (PVC), polyvinylidene fluoride
(PVDF), Tygon®, vinyl, Viton®, or any combination or variation thereof.

In some embodiments, the transparent casing 310 comprises a plurality of
transparent casing layers. In some embodiments, each transparent casing is composed of
a different material. For example, in some embodiments, the transparent casing 310
comprises a first transparent casing layer and a second transparent casing layer.
Depending on the exact configuration of the solar cell, the first transparent casing layer is

disposed on the transparent conductive layer 412, the optional filler layer 330 or the water

resistant layer. The second transparent casing layer is disposed on the first transparent
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constructed using cylindrical nmagnetron sputtering
techni ques. /1 n sone enbodi nents, sone of the | ayers
of nulti-lagered solar cells 402 are constructed

woushdagosenvent i onal sputtering nethods or regecriuggi07/066615

casppgidyer.i ng net hods on | ong tubes or strips.

Sputterln t|n hods for |ong tubes.and stri

o o loaip SubRineifach Eanpreent ¢4908 fevet han Aorg propefes. I
one ERhMplel ﬂl%@féﬁfrblﬁ‘sgar?ﬁﬁdaﬁh U er 13 M¥dlIBS: [ dhiklHY properties

Wal I's of Small es via i ndrical Magnetron
wheiseastte ingey, transpasent cpsiag lagﬁd]aﬁ geqd wiajer nrodkysapharacteristics.

M;!J%g‘égl‘f fh? 815 n@g‘? fﬁaggpag ?%Sglﬁsl%ggr%%{r} bﬁ#g% to reduce costs and/or

impoate ﬂmotamalbpr’ﬁpéxﬁss afittle ﬁsnnspapsnf casing VHE . FoﬁSexamﬂIe,O:hﬁol

17:1252-125 Har dj | nprovenent s dc )
aRSEATIY 2T p Y rF  o esper e oG e & i physica
pr§§dr1y Bohi onkdr hblgaddiidal ﬂfaﬁxs? t‘éﬁmngl@?&s thé\th_mdn&}ﬁ of the

| m Vacuum Deposi ti on System M crowave Tube
CXPHHDSTEAREP AT CATIRR laymw&eéﬁ@@eﬁzéhmbjsacbfevmmavmgs in
R T R
opﬁe&lqnmpevtees@gf ackes oﬁr&mad)mmo bG la:ss:ril’h&aeg By uging one or more

tron tterl " Pr sof t he

R PR oS g eaRP el e P60 et sesingever
mibeCRdided NBERBY rddasiap BRY el WAt of &%Waﬁﬁﬁﬁ:nh@dsﬁig@ 10N

Its entirety. tional fluorescent material In

somERtigBabPentesisiag! kayerorle syen embRtimEnta|ong et gore water resistant
| . .

SRS L) PPISESEDE i P2y
mélpcudesirdn evrbe dinbreditrents the ofd mroneswelmr rgvistamt laybrsiase
cugﬁrlnﬁ‘eé%rglagy c?eﬁ%(!l rlwgljiapt]ﬁu L ea ggﬁlcﬁlgllﬁlayer%ASﬁ%%eto dl;aposmng the
opeoh dilBERAY &, 330h@d 2hésing HRSER el it rarBp&emicasdn®B10. In

the outside surface of the transparent conductive

soggicodiments, fichgrera Tt hysEssre iFumderentiallysopteg gato the
ophBﬁzh YIRS1a gL s%tﬂrfBPﬁJ erlchdinSthe ka&%ﬁ%@ i t%\ﬁarepl gasing 310.

fluorescent material is coated on the opti
In seipe embodimsoisesushiveth meststant layers amﬂlmunifeemlaﬁmooated onto the

inclu . rescent
traﬁ’%aé%q ggsul?% gsteg{j ?%%ﬁ@(ﬁdé&v\é? ¥v;?1e§,e T g%lst%nﬁ;; T 1slpﬁov1dcd to
seﬂQﬂiﬂec&ﬂdiGﬁﬂtél‘ﬁF&rﬁ thensolag cd1N402, iRRowldl bé ﬁl@@mﬂfed tha$ fHeii)lthlcal
prwc A8, |3 Q el \?]ﬁgl‘grg%}gtgg Owa ¢ M tg(')t%gtﬁxlgerfp :“gug\rtgé gtgc.grtfptxon of incident
sorma%liat@h b?k%ﬁ‘é’{di’zﬁ cBl1462. aRd0oRte eﬂiﬂoﬂﬁwngl s WhtBYesistdhti15Rr is

some semi conductor junctions of the present
magepificleat $ibeondoSinb Siid%, $1@x,cm‘rAl£®1, WIhelgrxtanﬂor are integers. In some

erfhoB s Mt eniv e s Y GRE e g Stns Hitpgpionane, o -
typfl ﬁl@ddm cidn Meppe silic@n i n sone sol ar cells 300 of t he
res appl | t| on. 35FI esc | um nescent,
Bho 6@‘@%’5 GeHYeFa9LIS ﬂ’aﬁ‘? t?gg’Pﬁml“ﬁ“Eh't‘“ ?H‘OPH@BF@@CU"G
cod¥Ag2 Qf.% Qﬁ%ﬁ?&kﬂﬁ&@%@@ 0k @&ra‘ﬂEpa%t E&‘ﬁ{gej 138 nffirhize solar
visible lig horescent material s,
ceP gHigitgy s In mﬁaffmlgpdgr@wm ithaae i ahath awpter mg;tanhhmrmnéan
an%@le@tﬂre%ﬁﬁ ?Ig OSIIEgat rth@ ransyél% h%m eﬁll a‘lal eﬁ'ﬁagdxments,
typically ox sul f1des, enl hal 1 des or
smsgﬂd llay:atses/e@fheziuabpurpcaadwf a matmme@wr s aiantinng flective

cogtm& aa 5% eore at?llg%gl ﬁsga.r{ ?{glr%z ﬁ,‘flge ?oghng Sﬁ%adlé ol]ﬁ %ﬁ,esahcon nitrate,
t1tﬂﬁhﬁdﬂ:ﬁﬁﬂtsﬁ;coﬂ hampkide €503 Ndr sitkbe bkidé fitdtee In some embodiments,
i ncorporated in the systens and nethods of the
present application to enhagée i ght absorption by a
solar cell 300. In sone enbdgdi nents, the
phosphorescent material is directly added to the
material used to make optional the transparent casing
310. In sone enbodi nents, the phosphorescent
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inner layers of the solar cell 300, as described
above. <7Exenplary phosphors includ but are not
limted to,-copper-activated zinc sul fi-de (ZnS: Cu)

woabs/esddiyer - activated zinc sulfide (ZnS: Ag) . p&X/0€I007/006515

thax @Ylﬁbza rtlyanpma@l’w bﬁﬁnmfltefcﬁiget @ahﬁg sInidsamb Bdleodibi_egts,&h&e is

not I m t CcC.Su | ae n caam.,um e .
mqrzﬁl@n@ag§ayqu§qnﬁlaﬁ{émﬁ QP teé%’ét’?f\}%\{“éae %{}{’e same material.
In 88460 Bin A ifrehd 1 Sre B horethAr b Hel lé_:lfﬂa} Bf érﬁ@éﬂé@h‘?é:édaﬁﬁé &£ davn

praseodym um and al um num (Sr , cal ctum
la@ansrma‘@qﬂatdwff@fpnmwaﬂh sul fi de W|th bi stth

) .
(R LRt T
cohhtdomdmsmgrcyhmceml m%q&ho:smmrm@tee}nmmes hr @merembrodinments,
t. F | f Ki ZnS: Cu
SO e 13 R s ©LA B ey yoaP ek saor sl
spht‘fhrHQ'ﬂ&ﬁbd@%@?&étﬂ?@&tpﬁﬂénﬂﬁ‘?ﬁeth@ds%q%@gtﬁbés%r @Hip% E8ptfering

to Morrison etal
contirter hetbedsefonlong tabes 6] 9O arp diselossd: in ﬁormamplrzHoshl et al., 1983,

TG CEaRRLT AR GPRARs Sl fher WO So g PERS fperical

Madnetroe 8pdtieing Mlmzacﬂ Ehgmed)'wgl indapquol08t78eB Uy Yincoln and

ference r inits entirety. Mthods fo Ki. n
BlisEoRuRG, 10, hdensfie Shousshn Shlirhfiotmpntlos Lot Long
Tu@@sq&{d' Qiﬁﬁ‘s * kRl sQdreehasiesy. Pabhantka; N%%dm@; 2A9, 491 rctv@rnents in

Park et al., 6,025,675 ta | hara et al.; 4,804,8

a drReartyesSmttering Sysigval for Goating Tabesd JivKeas é’évaT@,qhnall 14 1313-1315;
PREN S0, A0 il Finl ShG DASIRASHEH TSy Tube |
Cc@iﬁpdnhﬁ (adaghdionfenaice ﬂseﬁdsa@f e C‘nﬂﬂﬂdnengm Electron Device

t dot f Se.
Tegfigria 821 Lhsd HAGHBE Sckle T8 e Prodialionoh B itticd o Selggtive

Slﬁﬁﬁest(hﬁteﬂaﬁi@o eldseThises bﬁ%@d@ o ShutRtiak Systdf)] 95’,roceedmgs of
"El ectrol um nescence from quant um dot / pol yne

th@&ﬁ@a@vqr@éSalaAEmrgﬁaowéﬁ?Bslilét @f@h@f ®bich 1y hereby mcorporated
by gepenggﬂ%onq@ptgg etal ., 1997 "(CdSe)ZnS Core- Shel |

antum nt hlgsn s and Characteri zati on of a
Siz e?;ﬁmnalq‘bméscﬂutgmrgnduln svaecartodiveents; r flsbrebdent watetial (e.g.,

i o oSOt G ar B € bt Shabver of a sola

ceN300CIyRhR! enbodR&its, el fRibrddvert alat@iabis@dated\éh the luminal surface
2008/ 060315PCTRI S2007/ 006615 at om c force and

ang/op flcexfsaier wrfase f the teawarakbeating3d8c Gpspme epradiragpts, the
ﬂLPpeﬁéérﬁ: $hateelal ﬁ-rc%aéﬁ on ﬁg?b%tsﬂ&?s%rfa@m tﬁ@ﬁ‘&xs?&eﬂl condl%g%)omde

ape control CdSe nanocrysta S ure
4181In Smdwemlﬁodm":n:tb, thesdlasrcelh $09 mbﬁp&m@mnﬁﬁlkeh@crﬁ@@nd the

S e SR B R GO S e i
cehi 399 afctudes a thater @émﬁmlayamidlmﬁﬂmm&cematﬁwl is coated on the water
re51star1QII?a£y%? (:)IrnssognaeI esfr(l)bolfhnn?g\lgs ?n%ré) &Eulx gr?é sur{alceg Q aesr(]:ullarll cell 300 is coated
with optional fluorescent material. In some embodiments, the fluorescent material
absorbs blue and/or ultraviolet light, which some semiconductor junctions 410 of the
present application do not use to convert light to electricity, and the fluorescent material
emits visible and/or infrared light which is useful for electrical generation in some solar
cells 300 of the present application.

Fluorescent, luminescent, or phosphorescent materials can absorb light in the blue
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agents, fluorescent brightening agents or fl uorescent
whi teni ng agents) are dyes that absorb/light in the
ul traviol et—and viol et region of the etectronagnetic

wos0endssiipn and re-emt light in the bl ue regponusfeendests

ordBvipanga dnd érnit visttde thtl Phﬁ@hor@&cm maténiz) 9r phosphors, usually
di phenyl, e%E yl ene or E‘)jl 116‘Ieet hene). Anat her
COSYREISH P AR ROS I TARCHgl; @éﬁ%twatt)ﬁ mate éﬂ%}@%@@mlhare
bi@ﬁlﬁﬂrdlé&r@ﬁﬁ&eh %feﬁﬁﬁ? Halid A% Eﬂicaﬁés Jf*iﬁacpéa%ﬁﬁﬁ}h manganese,
i cation is unb i ferone (/-hy dr oxycoumari n),
alvmm@m, silisen, abvasioys retm eargymetnist Wbe a9tivpiorstaronddet! ta prolong the
This energy is then re-emtted in the blue
erﬁg&?&%ﬁ@of the visible spectrum Mre information on
“opt ilaadmé emmems,q:hosphoresEkmmateh% 3re 1hhirpd$raieﬂ ¥n the systems

angd GRS OB (G PLESBT DR EAEN TG ce ightAbs e Sphen B3 Solar cell 300. In

soﬂé%ﬁﬂb‘é&ﬁﬂénts”%@ pﬁgéﬁhb&@eenﬂ-ﬁa@hﬁqg Wedckly §8&e%"t§ fhe BRI dsed to
United Ki ngdom and Barton, 1999, Coimpr ehensi ve

‘malgtoptional PredtuenasentesinEs3 Wy T sorawnbodamqﬁs dhg phosphorescent

m%@% g@ Iﬁﬂx&ﬁ%ﬁh r??lgx:/ fé)ﬁ ¥1 s p(l;@ lg@gq égapﬁg%% outer or

inmnré&gerstofamﬂoﬂmaelil 300, als dmnbedﬁbomat er | al are
cir cumc

suc aI I ed on a . ;
oy T pliEy Phespichs e Dot Ats g aREE B soppre- s tipied piae sulfide

(Zﬁﬁldu) aiBsiNeRELIVEIe] izhe sbﬂﬁe(@ﬁmgj r@tHéPC &Eﬁﬁt&kﬂ)ﬂo\éphorescent
di sposed is not intended to-i rﬁg hat each "such
1}

matenjals inghudesdrbire apt liwitedivesise syifige @@;ﬁ@émtl@d&&ﬁdea@ns Cds),
sulAEH bibfhed B Sheloy LR BrANEAR Miroh i S0kl iiatod by

I'S CYy rca
prﬁs&@d}hﬁﬂmmﬂ fahis niny (ﬂﬂhOBl Ps,ucih, dahym ﬁllﬁﬂieawm@ btekengiuar sulfide

at herw, s on an derl Ia er
wifh SenibdiaSov B, et e el zing Sl dzas Beve)
orlahe ceHbRitioaltRerd8)S, the substrate and 25underlying

| ayer s may. have, any of several different nonpl anar

shapdethodedorsreaingabesphonmatesialnags knownrie fsrrt dior gxample,

m&heRY ﬁﬂlﬂh@m -E0BE otRG 4 et é,xbg,goﬂeéaéﬁ{maténgg §1%Q1%Eéi‘1b9&‘ in

an un yrng layer suc ere 1s no spac
Usfired GtatesRatenn Nok.2, SGHERTdd Bmelem ah; 1,0 ,4\ba0 M/omgm ayby

5 Gl M o e SHEPER T2 DR a2 4 1 Lagos

et k33,651 42u6 Phis, 1355 38 Lo R&l]sﬂ el 8RS, 260,946 tbQ@EE:im ki &It Yach of
percent of the 3@£e“ meter of  the underly

wiritl isherehi incorngsatesbyirefrrpraerhereithia iseptisety. "Met odsTorn making
z:ﬁgA%HP?‘e?d’t rﬁﬂoeﬁﬂdese+rﬁ RER&Hh! @a&cﬁﬁeﬂtm ne%% aglpra&ﬁt Nos.

yer is disposed along at |least half o e | engt
6,2400,4% ¢o Barlter by, 6023, @BAPeo Thara ef al.; 4,804, 8&itef Tekelrard el dly and

4, 351530 MuuhF efdrs 2o RIS BbteBY bRl S hsin by poference in

1tsgahﬁiet)a mgwgiélwﬂhe @eis&)é@bela of the bllimhwlﬁcrea"semmﬁs ﬁ/at‘rleI:r}gth
eposite on an unaerlyin ayer or Structure n
deprgases. {r}f@ﬂm@mﬁtm%b W@gw%ﬁ ?@ﬁ%er FRtIrgRlosHipreseant
mASHE A0S dseh %", éé’e'%?@%e%ﬁ%f’ s¥hbetboss Ghal ,apess or

structures (e.g., transparent casing 310) ar e ol ded
“Edgctrotuanescense fmnn@dsmuaahnmd@léﬂlmm gomnpgstes.0 Applled Physics
Le%t‘elfs%%g&‘pé 13'1\89‘{2[ z% ﬁ?&b%ﬁ&sl e Ji}e 15@% r&y:asé)%ug&%&- ﬁ&%mm

seal e ans t over er ‘or stru 'S
Dats: SSyathesis amd @lmrmtekualnyn nga Say SBm};roszlghlp Lunénescanh

NiggEuealiiend. Bl HPRGE, e breadtad Midia o Bt

“FUREGELHEE QOartak §iel® bf SHSMEAS hghocTydialshBVeai fed BEcorERikd
herein, the termcircunferentially seal ed neans that -

an overlylng | ayer is dlspo%Sd on the full perineter
of the underlying |ayer ypi cal enbodi nents, a
| ayer or structure circunferentially seals
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an underlying | ayer or structure when it is
circunferential |y di sposed around the full perineter
of the undertying |ayer or structure and-al ong the

wof20bdosb8gt h of the underlying 10l ayer or st pdeigsiod7mnocsis
atblaivefoede, antl dgfer RoKulé flagrpdcenairioroscopy] eappliad BRysics Letters 80:

AR5 sepi e 2000, SSaRS CORRR R HOSF BARGD HAS( Ygtre 404: 59-
61 %Qﬂgxttﬁ' vﬁﬁcl@ﬁ hfed Hc)f?&%técﬁ%ﬁlrefe?éncéhérgﬁltlﬂ it cntﬁc%t es 2

Sol ar unit assenblies "15Fi gure 4A 11 ustr
cr oslsssm temdmélmmsewtmal hriphteaens amgen@mthobpttdmab&mrescent

cell n iLLs [ra anar f on .
lapett 8F 1y PlesartAhhifeel SR GhIRTBT b ab BhBRhs i) boidygnine
agam@vﬂldﬁsscmtcbhgﬁﬁnﬁg aféra fluor@iventmhherifs eals) ire dyedhat

3. of u In Figure 4, back-el ectrode 404

43- re
abserb 3@&?*& Hu Vlaicéaqlq HOWG%W&M the|electypmpgnetie spectrum, and re-
en'i@ngmﬁ thel BhueSiRp®n & BRI JobLSds lﬂcla&&s@mﬂ% rg‘Mtltahsl 2-

Figlre 4, rath than bei'ng a solid cylindfical
d@ﬂmhﬁwﬂm @r (Eo)ah R-dipkenylettae) dnatitehexenpdary ppmfal brightener that

cof b AR OGBS0 TS sl b R titerne
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ens&e& ﬁﬁem -emfiedin ?@d’ %P%lwféﬁawwgfe&a? Y M%nfegﬁaﬂon on

OpBEalsn‘?%gtegkl% E‘snlﬁ't t hg)tﬁ%f‘g;% ) gﬁcﬁrg’g%p%yg%}ﬂfﬁgg@o%bbnds

Buiteamenths andw Jquée andddBlssZW0; BereronpcladVamisiyed oeditions
BRI L CQRPRL Dl RO, 0 kb Rlgo) CGshongfanra

Pmdﬂcrmﬁ‘hersasdﬁ 2C67T Nekanishi ﬁnmmwmolkrww Elieviec Oxfdré, Whited

ments 10 of Fig. 23). Another advantage of the
K‘éﬁ@?ﬁ‘ §9ure shown in Figure 4A is that el ongated

cel |(§r&9%r%hﬁalt§} cﬁ&ﬁo&éac ah |t% ﬁ@d&ﬂ%ﬁ)ﬁé’aﬁoﬁ 8¢ §Fmékdiidl %Pe

than in para . In such a series conf |gurat|on t he
sug@e%mlag@cmfemhll)eﬂlwad ewja g¥lindriga 3ubstrate Addriordehiodorm a

so?aﬁ é/l? SA& gsed ril%k?f?% Hh? ci rg.k%f@%ﬂuﬂﬁzrcﬁéﬁa%ﬁg nﬁ%’ iRlefifidd to imply

curr
that@aﬂasmh Ilayepaf :ahﬂeﬁhl isnedessagiyt depesiied andn nhdurlyirpdsyer or that the

SHAR it 4 B) ISR AR g aE B PL B PP BHIGH Rofgs meliods by
wlﬁbi@ﬂﬁ:ﬂﬂ%@rﬁfﬁb Aoldel or StikPWis@forinkd b ki addRelying weg UF@ther, as
4A and Anot her advantage of the architectur

discHesRA abfhvepn Gamenctian;vath the disewssion of theisubsiratectOp o@g substrate and
unﬁf)xre A gﬁ%{é’fa@g‘aﬁfo &W%raﬂlﬁ@reh&o%ﬁﬁﬁéissﬁa}?e@CI@evertheless the

nent” o
temoc;am&‘e@msﬂmcmwmcmmwn owériying laydrds disphsedodn an

o SR Bl 5 e 2 B Sy gvenvig

layeRéeed ﬂfc L@d&@ﬁ% Rk @uﬁﬂi&ﬁ{dr@'as a8udhensn, MRS @tm clréunkfeRntially
alternative ere conductive core 404 i.S not a

dispepgdmeaisthat ap Resrirgiarsrdedisposeh o 2idpast fifty percentypé the
peﬁh‘fe&;‘x‘ 75? ﬁ{e%ﬁéﬂlhé{ la9EP AR hETh R 28 URRIHALS A Rm ti&imferentially

back- el ectrod
disposed means that an overlymg layer is disposed along at least half of the length of the

underlying layer.
Circumferentially sealed. In the present application, the term circumferentially
scaled is not intended to imply that an overlying layer or structure is necessarily deposited

on an underlying layer or structure. In fact, the present application teaches methods by
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5| ayer 404 is highly conductive. Regardl ess of
whet her bagk-el ectrode 404 is in a solid
configuratien as depicted in Figure 4 or a thin |ayer

woasosieeyict ed in Figure 3B, such back-el ectr oplesudddinossis

wilel §uch CayieFseitistridtiile® (o g AfanSpHRER Cha] 109 bfelRdltied SthdWRe
to resistance. Wile larger _conductive cores 404

formsdpiy s underlying kyer %S&rk@vreb Aewerghelsss thrderm givennfEregtial by

< ISR b L BTG R BREEE o I
strddreraush thaathr:l;c is oo spant (o gy dmenulzospaositbettesn the overlymg layer

or SRR G e B R T SR wen Sherig: PR BrEw: 6 e
c1ramﬁfe®énti§ll@ Séaﬂeﬂhﬁeaﬁ@ that :imowrlgiﬁg%yei‘ ﬁ&ﬁ@o@dﬂ%:ﬂh@ﬁﬂ] perimeter of
consi deratl ons, di aneter IS between 5 mllinmeters

the waderlxing latsr. nim typical @W@omm ﬁ@ﬁ@rsorémtw@ cewsterntially seals
)

o SR AL 8o TS SRS i R e

pentmeger af the lnadglyirgloyglor stouchie and gdom the rfmlb}engnbmotf thewtnderlying

P B e AR sk Ererit e r U soRRPlaiFRRpbisbcis in which

a cibchin€draially selging Ver srbtiieidfe dols htve:xtead Bloaf tRl falE 1dn@theof an
strips, 420. The advant ageous | ow resi stance

mﬂ%fb[i’?@%?"t‘ﬁ@“‘é?@hl tecture illustrated in Fig. 4Ais
also facilitated by the highly conductive properties
of the counter-electrode strip 420. 20 However, in
sone enbodi nents, Sdohﬁolarcdlmtnssdmbhesrl ps are not
nollth|C|nte narchlt

ey SRR bR S b & b G S o

un&@mo ﬂﬁmgemlnl\bcoplabéﬁfﬁﬁuﬁﬁﬁl orli¢rlte Gorivied solhar 1811 aﬁ&ﬁ&y 400
IS hereb%isl ncorporat ed by ref e&en e herein i

Flwg m%&s;ﬂor -sggftonal g 3dib respee 1y, @Jﬁ@re 4A. In

Fiif0 8 BRI rod 24045 @é}]?&t@d ad @ﬁ)liﬁ%’ﬁﬁcﬁfcﬁ@uﬁﬁﬁt@ dfowever, in
Strips 420 are conposed 250f a conductive epoxy

some egibodigienisdn a@qm@we with Eignersbtrather tharkbeing tctlﬂé cwilkcbxcal
sul!::s?rrate ﬁa?ém%lgc’trodg ) lﬁ%gg ggggag&ﬁl tonc‘fu (t]m% material

Git €T el ect rode stri for e epositing
mrﬁuﬁxfmmt]@my dispdsed bﬁyﬂfstr@tﬁ 4&3 asl dép&hbcEmSHi@ﬁé BBI @Allediker layers in

then patternin ntoas I
Figye f ﬁgeaseﬁa%ﬁrﬂaegaﬁ? B&F@W%& Her] &3‘3#33& 8
enIb@di?ne%@id%hc?e%'th?gQ@emst tlanfﬁondUC“VG epoxy al ong the
l ength of a solar cell 402, as shown in Figure 4D. In

somésennbeseravish FigwendA ant ABesach elagstediec 402ihos a lepgth that
| | t
is & ngtocf&% Pg%tq g{? h{eea%&,é{er ‘{‘oftlﬂ‘iﬁs? “sBioh> énﬁdé%ﬁ%gf&? é}%ei?&{necme

er-el ectro
shéven ireFigor 4i4his tioat there is mafmphsidan tontaph that shades solwy eells4t02, Such

a 0 O PR 1 B I B e E e e B 16 28 )1 Grother

adVdiRa R i RERRcHRZhBNA 1@5?@}%‘ 448 ReHatielongaed 881532 are
depicted in Figure 4B. 35Still another advantage of

elecically eofineeted ify @rlm rather than dgparallelj fnugueh a series Ct)h%auratm, the

voﬁgéehaf each elongated cell 402 is summed. This serves to increase the voltage across

the system, thereby keeping the current down, relative to comparable parallel
architectures, and minimizes resistive losses. A serial electrical arrangement is
maintained by arranging all or a portion of the elongated solar cells 402 as illustrated in

Figures 4A and 4B. Another advantage of the architecture shown in Figure 4A is that the

resistance loss across the system is low. This is because each elecirode component of the
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WD 2008/ 060315PCT/ US2007/ 006615 | engt h t hrough the
absor ber Ia?@r (e.g., layer 502, 510, 5@?, or 540 of
Fi gure 5) of-sem conductor junction 410*s, on
woees/@wgas | onger than the path | ength througlcofostdo®oossis
cigcaitas mpgeofdfiglap sonduetivd myterialh &vi exgmiplec asmoted abiosit, lvohditetive
in anar .conf.igyration.. Thus, .t he el.ongated
oo 4 O P et 00 o vt Sonionie TaleiR L Kraprat fa the
altemiige viferd dinBhi@iveoRRRANPAMARl@R! fMtHef bethprises & O
anal ogous. pl anar sol ar cell counterparts. In the

bagksirgapdalayrchreatratielly denositad anabstetss¥3pthic ack-elgesrode
laGd}210h hi%llﬁg cln%cgﬁ ivO8g cﬁes%fof &B&hérrh%ﬁ?-@%&god%%)ﬁ is in a solid
engt h tArough the |ayer. Because the absor ption
configentiorsas depivieer infédua¢ # wea thin agenzadafitted pd Bigawe 380 kwh back-
cel l,s here is | ess resistance, and, hence, an . )
cIGToEs 1045hT eu e R Thoht oAbl [ew e fesisagge. While
lafger eohaLeBRWorsl M8A aFighiel4d and &l thiRkerAlol-blcOPdtes 404 (Figure 3B)
advant ages of having a thinner 10absorptjon |ayer i
CREWAHOY Fisistangs dsnpraran pondupiéyi laxpibunempeingiseeh laresr conductive
col i H0s FHEPRH AN BLAYCORadiCRUIEr AERATI S bleadf 0,
THuaytbers inareufipes beundtan thakiee oftdvedwetiye ared 4B andnenbstrgte 403.

production Ggosts. . Anot.her advant age el,.ongat ed
1o QAR o 33157 ponsiderst BPE IPE s v 8 MR ReTr ) and
20hawEn 3ome babbdigleltsoTlel présend ppRcatbR AT IS bdtduMevel Bre 404
conpar abl e pl anar _solar cells, ,and theﬁ§15possess

(Freas B and{prielstryte 408 (Figureshid) gt sired so that they pest large enough to

AR B Rp AR L 0eE0k SRfcanay) DLORS
tranbgaren wondictiedlagepd ite ebicienfly ddpedcwent tahe camtnter-electrode
tLa@SBS necessary to formthe sem conductor junction
SUPEG'“"The smaller surface area, relative to

ConVRgtad edindgebhflownasisthn Glatiie 6fahé srchitgzaRs ilfub@dted in Fig. 4A is
easier to present a uniformvapor across the surface

algdpsiligtedeyots bighly endygtive peopertiss pfiae coptariigpiropestrip 420.

HOReE ¢ eiad Shbddifehis Adufttleleditfie saMk ale Y T¥ER! rR%éth%ﬁn
be.exp[0|teq dur[ng t he manuf act ur .of_the_cel S I'n

menogidnc integertswraechigciuasniuch apthose deseribed i Upited $thtes Ratent

ARG G RR o it MR P L AR i PGB Py @ oy
refefent & Bersimuh ¢te Bokivetyolor uch piipore, 4kQisedcor exanpl e, the

conductive core 404, upon ich | ayers are deposited

to MBRETE ﬁeg%%m&msc@r PEATRIS ‘%"a“r?“ﬂéf"ﬂ&f‘é‘?décﬂf&s&ﬁ@ ajeycgmposed
of 4 RbRNRLVEEhG (e. 8% sFved ¥pd A of HdudRR I 5ﬂcﬂge IiRe. O €kample, in

to ensure ‘uniform materi al conposition and/ or unlforrg

somiepibadisienisy therpouaenelngteodaisisips 42 are fotmad byalepesitpessbin
48 oo EHUEL 6 A GUNRETL AR 0002l gt e

stripsmifath yountdrelactrods sitspd i) orudifixesihapeolaf cedlal@withed ¢amductive

402 is generally circu in Figure.4B. |.n_30ot her., .
epgﬁb%}a%@ﬁ?@}&%ﬁy oG ﬂﬁ%ﬂs B‘b‘&’?‘é‘é‘%\hﬂ‘fﬁ 41_2?- In some embodiments,
théletARtdrlcRicBbdd stEpOST H€ Edrineh dREctdnehd ddddriceRd 4N aRBther

cross-section and the |like are used. In fact, there

embodiggens, ghercogpiet-pleciEodssirinsdp prsrfarmeshanthe gptesigangparent
' . fe bical i .

cofion T e 11 ROTUBHASEIFIRRCAR0 B LBk rhbeEBRs compections
bebween abintemeledtiode suiped?® to thewdiéctrodesHEB ard estabtisheid $n pariekas

I er «t.han,their diameter and they possess sone form
degﬁ[cfggggg%%'ional radi al symmetry or 35approxi mate

cr ossitlsamothenmblantagel bfihe apchivedniry illustrated reFighse @i iv@tik the path

the solar cells 402 WD 2008/ 060315PCT/ US2007/ 006615

are characterized by any of éhe cross-sectional areas

di scussed above in conjunct? n wth the description

of the substrate 403. In sone enbodi nents, as

illustrated in Figure 4A, a first and second

el ongated sol ar cell (rod-shaped solar cell) 402 are
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5contact 433 that connects the back-el ectrode 404
(first eleqerode) of the first elongatqusolar cel
402 to the correspondi ng counter-el ectroede strip 420

woOboslbgsisecond el ongat ed sol ar cell 402. ThupgT/8$007/006615

lengdth tlﬁ(hfgattﬁéjabsﬁrba Byérge.4Alayet 50208108 92& @ 840 GEFlkgﬁrcli@ af
he hasic unjt that respecti veI

;
Segéqw ‘&fﬁ‘&d&‘%‘:&f’n Iy OmaYFragen nw%ﬁ i {msfﬁildtyr@tlsw the
sain@l’ﬁfe of !tgsorl?e? @ay%f‘ﬁ‘av‘i'i?gt lﬁé sERNEidRt bt én staﬁar‘l:gﬂf @fraﬁ(ﬁe Thus,

el ongat ed sol ar cell . I'n sone di ment
the ﬁen@ﬁ@r@dn‘@glumﬂlaﬂram in § imood A ﬂﬁomfor th@ld;tsaan ﬂ‘éﬂﬂg@dr
absogetﬁon lf'i% LD rela@a&e Eoe gl%arl(aﬁrégs? Irjla.ﬁzg é"ﬁ %c nr.‘toup %ngrtg °RAkE Elongated

ardhitectotegthe ehiagdr rabﬁtﬁﬁt}orﬁlﬁjﬂerfab?rbs&hehgit eealcaime:@ﬂ thy ﬁlcreased path
i SO m each ot Advant ageously, in the
le‘%%‘hﬁ’i“ﬁl&?‘é]@q la¥er %ea%qsf: ﬂte@bsqrﬁtlfm YFE & tﬁs&m& Iﬁbtw Bripmnegble
plat@at §larcehs, hefOR. l&@'?eﬁs%&ﬁé Xﬁ‘d HLrkc€Cdn é\}emtm&rgés@%gpff 'i:ﬁﬁcy in
transparent casing 3 IR some enbodi ments, not
theatdll rehativetoomglages Iémaasolcredells Additipnal a@&eﬁﬁ@ofd-‘@@maﬁéhmner

el ectr, cal
absor: n%tl(a’l la avet tti%a\f %g?sggoar élﬁ%ée ?nts +:fq %?Fq%gg uch abso ﬁ?r'xsslaycrs
recti? léadatatabas] ﬁﬁthumaédpyr ﬁma@ﬂﬂe It]iln@e&rah!sdrﬁdlon léyers are
first and seco el ongated solar cell can be

fastgrde makedhergbse %‘c]f’é’ami‘wrﬁ YAOP &PSts- and are t her eby
pai rAﬁchePXd‘}éﬁtaﬁg oﬁezﬁhgaséd Rl 6115l 0 linGaRka sl F&Eregm is @b they
el ectrically conducting wwre, etc., not shownl) t
hapop wsilatiyebtrmatiowrfacs dres relaive ta gamprrable plapastsolar mibaaré‘dhey
pof kA EPLmh O, BEBEARAGRCMAREM. SOhAFEH oot Rhstrated do
nocostassatilyteve sadeal syhiheny. Ebuh dfithese pmbemgmlem & ktarcontrolled

cel.| is electrical connect ed to he tran arent
R SHRRICRL 985 SYRTORYS OBl R 8-SR0 T LB 0BG Juncton

4108IThe dRRR slifRke ahh, FPMHVEE EdiFehtiRalk iR PARAEAAH cells, means that it
conductive layers of the two elongated solar cells
is edsien &y présanea uhijoray vapar entefs the Sulsemenrag slepesitian of the layers that
. T. ' .
foffHe3EicER R TN L Pl ety AREREHAoRE Alingtre
manmfeneabdilie velittia orden teeaysufeaniformh cumposm(m (e.geumifiorm material

copRpton§oim St eSS AL FyBh SPAOLE R b ormaivicua
JayERESAhP fnAbdRluc@F ﬁﬁh@ﬁorpziloelmeﬁnqﬁb e @hd@cﬁiivb %o{é%at 4 upon

are then el ectri cal IK arranged in series. ?ure
whieh lapiers presjegestisd o piake tgiselar optis 4§2 rétazﬂé Al ¢ h
loflal 8 Al Mct?Her 53 1 50519 qﬁ%@%“%@@% rhittil compositon
antlfor uhﬂfmret thakeess ireepbadiments ahereahatolayws s mnsmstravbdrsynmetry.
unt er Iectr the el ectrode 433
AR 2o Yo e T o Berd et o RGEY B erpde sl
s hﬂ@n@ransparent conductive |l ayer 412. Furthernore,

Figure 4Cillustrates how the el ectrical contact 433
j oi ridecrsssertiond stane delanerlls G2 Wﬂ@ﬁ%ﬁ@ﬁ% ig fjeyre 4B. In

ofE et S o P B P St B Balopan e

sh@ed caghswettmgandthetlfie acoudeid gl fact there ik ho dimitagretie cross-sectional
Fi ' - | 0

Ay e T e

40aeedinthin dygnplaheedalbrvddile shaped infwhichsbeibleygi @Omuelslarger than

illustrated in Figure 4B. However, encapsu
R Y o R e L L
appRIRErA&E Sroké-amibha rﬁﬂil%?ﬁxﬁietr@p I@$onteedrhfoddshts, Divedslan dells 402
encapsul ation relatively sinple. Thus, referring to
Figure 4D, which is a cross- _secti onal view of an
el ongated sol ar 402 cell t akfn about |ine 4D 4D of
Figure 4B, it is possible to conpletely seal far-end
455 of solar cell 402 with the transparent casing 310
in the manner illustrated. In sone enbodinents, the
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10 of deposition on the conductive core 404 and/or
substrate 3, the semiconductor junction 410, the
optional thi-n intrinsic layer (i-layer)—-415, and the
woto@mnsgas ent conductive layer 412. In such PCT/US2007/006615
are plipwatiterenad by an)hef tee crodbsctionl preeedivaissd abdyghn cenjanction with

refore i but o the electrical generating
g PR E BTRERBR BILY cort a0, 11 some
enbddisae tmbodihents) RNBRaGRAtn PRate A, ARstene Bcond eloffdied
ends_of the solar cell 402 such that electrical

so Relh pd-shaped polpeecdx e glepFigaEanRgAtedR §eriss by g electrical
coRfkAd3 3ﬁt§£t gPnnects the Ezig:g WikudR @(ﬁﬁs irdt eieh‘l%d'e bEfe Q?Qﬁ’ﬁlo? éed

sone € I nents, e various |layers sute
sotao nell4@d meh@msmlrarceumapelwcbdatstrwws Be\sbrond eldngated

cont. 33 are |ns
sofas 85 B0 IR R Rdeep RErRhfs A4 Hiepsd o RN RR6 e The besic
urﬁ)ﬁhmaqbecta&gy foltisthe s¢rpidonductor gatyefzelt1 mhelmns}iakeat ccrndudWe layer
t he sem conduct or junCtIO the opti ayer
412qand the mgial C?wgctf‘feaa%epw 5%&9&%89 r Féﬁ}@ AR 50185 ¢
enitfolii ARE 1RV ghtclRbREr Ecbls mo@ a%e xﬂﬁlﬁbl'y%aﬁ’éedtlﬁ‘@row parallel or
conductl ve core 404. Further nor e, term na ortion
neaity pirelle evithorosmtaicio gach athestang mest apon 1gd@gpdpgb]@a£§counter-

ur hat | t he onal
et 2% i 3 alep RISy relon PO Aol BB BBty she
codfiguratisr mﬂﬁﬁ’atétl/&aflétfr@ﬂf)\@th& eloiated sdlﬂrcéllmzcﬁcan receive direct
lig?xem conductor junction 410 The remai ning portions of

greuphdb trpnprarepcasingd10-t he seni conductor j unction

410,10 26th8 8mBBdihiRE! ndt all aaeee"lmégﬂa’éd s8Rfcdn 803 ﬁ%%%lf BB are

conductive |ayer 412 are coated by the transparen
elestridatly agaged Sysdries. Eerrdxagnleain @meuembadmtSa@e@ﬁe pairs of
BRSSP WL By B ADGRIBLAN 18 S ona
el@@a&d&biav &lb@h@e&&étnch]my Ecbrglm:ted Aﬂ{)a,ralleb endahre Idg:a&l:@'q:oalred by

sol a % 2 IS positi ned G count er - el ect{lode) b
s Brsudes il Eomasc e £ uftheloy Bo Beconpushas Wigeflfispot shown) that

joi%E el doh@attiv c5:2 208 LA birst BRnb&BNSNA BN to $:85éddAd eBfgated solar
However, there is no requirenent that the

ceHo Jhtcemptqteeféxp paralielsirenip thoansamentcopdusave lyema kgof the firs
e@laggfep fsbﬁ@géél\rfr%dzg%@gﬁea# mﬂéﬁe}r @p%cngagggg&t %gn%uch layer 412
of 4scamtl] ¢ledatedsolar edpéidiithgr bpcntiaetingthe dtanspaenttanidpstive

la;'eg, grﬁ}%?g bggﬁt%laﬁ?arfﬁlisr thlﬂggi grﬂf@ %ﬁ%ﬁ%ﬁsg&tﬂd\éﬁmmcal contact
(n§ B6kh). CHie ﬁbﬁk@bﬁ@lbn%dtéd ol Re@die dicAR R Gicall@ranged in series. In

el ongat ed solar celTs 402 and the correspondi ng
SOBE frases, dres, R A, siKesevER St RS, 140 Glevsn Q8 @omﬁlangated

o B leBaH E Re il O AR E el PRt e fordfel ol of clongatd

sobmbeith 4f2rrs then clectrioaljcarcaged tnsetibe p resent

appl .cati count.er.-el.ec re.

FepIERS G 1P BN RS FEIC B Bl APR I b fon ot e
baSk-@RStrede 402aund dhetkarspdrent40Rductine Ea@&mlembﬁdbdm ratxsaway to

accordance with the present application, the s

llpgratethe @ositional sslationship belyyren &Oa@gﬁ geetiode é‘i"iPﬁ‘PHdl‘% electrode
3t3hﬁ1efb%&&bl@&?%am@@fth@%&bm{or PaeF £10, B e Erhxﬂ%‘pbx‘eﬁ@couductwe
counter-electrodes. Details on segnented sol ar cell
layter il §n Farthermoren Higure 46 gantataghawm thealpesicak wostagd Bripins the
| | r

2RISR A i BlonpHEb lar cH 368 yPAE ep iitdecilas 120 ar another
soldriceidl40r ch 18, 2006, which is hereby |ncorporated by

reference herein in its entirety. Figure 4D further

provi des a perspective view.gf electrical contacts

433 that 10 serially connect the el ongated sol ar

cells 402. For instance, a first electrical contact

433-1 electrically interfaces with the

count er - electrode 420 mhereas a second electrlca
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20coated by a transparent casing 310. In

addi ti on, I{-f gure 4D provides an encaps{ at ed sol ar

cell 402 where an optional filler |ayer 330 and a
WOoRpeRssds ent casi ng 310 cover the sol ar cel | PCT/BaAMDTIYP6615

onl Pnsidvaigess tha onfigwration dinstetelin Figueg 4 isdhatitheelectrical

oot B AN PR LI s o
one &sd nipsShiblareo, cdaslnféusgm‘ueédl E1|g1r11lee 4235 )eﬁog\]tcm::il?] cm:ldﬁjrllat;otn eshlelds
eadipielir g 2 o5 Gpisniag el téoPir Bl e el et 02

mdkiY @ehyssulation relatileBUiBpléAThhs, Yetkikb eS FRuRUATR W& ik .
assenbll)%; 700 in acg’l(;érr dgnce W th angt he;%m?nbodl ment of

seqtippalpriey ehen elppedtedaiotas 402 Trbtakes) dboutlinel 4ndBofiBiggrerdd) it is
poSPTd BfiTpiaes Blsuian. & 435 o? LARAANGH, SRndhe &%h&eé%%ﬁng 310

ate ransparent casin
in B@eilaamgrarﬂleﬁr&fm dn somt embOdimients] the lagens maihnst s¢alafre identical to the

el ongat ed sol.ar,.cel | s .a back rode 4
Iy T Ser AL isphredent s SR PrEh Sru At pamely, in order
of defisitioR @nitie donguctif@.coROM 20HRE .t;t[HaG‘;ﬁe 40% theSsemidvbibdor junction
cylindrical electrically conductin substrat e,

41116%9@0%1 thinginrinsicdpyey €-laymsbil Jrapd Ge trﬁnsa’e@m epadedive layer
41 W fhsukh gfﬁﬁﬁdl%engaﬁng effd 54 LRdece ﬂ%"sghﬁ%ﬁ‘ Qre%drle Bffibute to

el ectrically conducting materia
thehedédtmesd gersiapg Prepetigsoditie sakr cell 4022 ln a®Be exﬁbdr‘fhgamte, the

u'ag%{)g}:]eng-rhe gfpjgp 8‘? %ig% eélﬁ gaflélg&fg’ﬁ %H ﬁucw e&e%tncal contacts

ca? BOS RS HoR(H: t%ﬂ&&ﬂﬁﬁh@&ﬁﬁh’éliﬁ gure 7, a
sem _conduct or @unctl on 410 is circunferenti al |

di spHEtdalse llustrates hevi insoms cabadiments dthe varkous s3ygrsalgposited
ont Ghdide chRYRNs ol éréd G Jnglagfs %!h@fétth@élka&ﬁgﬂ g&ﬂ&&f'zi%e

the sem conduct or ju ction
fouride Fof instahée, g tomiwl pogien ef tedlack-cleetdds 4002 expesed, as illustrated

in BEREPHS, it PO G ot B B 3P G Pyt Htaver a1,
and) ﬁiéltfélﬁslﬁrefrﬂt esidubaeslagdragd g sigiRd d3dy GbmasEaRhA] o?tQQn)of the
and .a second f ace (facing side 766 of assenbly

condStiyg ¢Ara P4 yFBtheBnesR g icERingbposHion ¢ th%sqngccmdpﬁﬁg@actwn 410
is é@e&dtda HusBRd B FIRFTR! PRAG ol 0%951%{1 H$R4 B15 d?ldttﬂketransparent

pfurality of elongated solar cells do not contact
coraﬂaca&hvﬁréllléﬁgmtem@(ﬂw fromt & @rmmal rmh@l eﬁﬁwmoutéuﬁtsr . junction

h [, t ed I
1 T ielfind forthp VRO B BB A s B4R ffperion 410,
the({jﬂplhbﬂdtl::tl%eﬁﬂlﬂ,&tﬁﬁ @i?%&tnephra? Icanidmﬁbd is¥a@e3 gfmitbated by the

I rect . cont.a r r arent conaductl ve
traSROEEP opting 3%1 Sheh C‘é}%ulﬁg‘éaé‘@égﬁ adypainecout pesausg 3t prpyents a short
fmﬁperel%e%gﬁ@cﬂefw&h%e &ﬁﬁﬁﬁleh’trc%haﬁc)ﬁvﬂ &lm%fj% RRU@ive core

i's arranged such that each o t he el ongat e
404 olndrigare 14Ds therelongatedisalantdlt 40208 pedittnngdoe dles:@uatpr clettiagle

e 551t P A8k 4 U RBRES e BRI
31 @nﬁoﬂzemrﬂaene i$ h@rc!qulranmtfthat tie pumeneedtidde ttripi@0anake contact
w1§1€c OTectlgc ﬁ)? ¥§15Za7nt transparent casing 310, In fact, in some embodiments, the
clongated solar cells 402 and their corresponding counter-electrode strips 420 are sealed
within the transparent conductive layer 412 such that there is no unfavorable electrical
contact. In such embodiments, the elongated solar cells 402 and the corresponding

clectrode strips 420 are fixedly held in place by a sealant such as ethylene vinyl acetate or
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that each runs | engthw se on opposing sides of solar

cell 402. Ih Figure 7A, some but not al(l .grooves 777
are | abel ed-"1n sone enbodi nents, there-is a

wOogossexs el ect rode 420 in one or both grooveBCDUSI0NEI06615

siliggneyr Insemegmbodingants ip geroianenwith thepreseat apglicatiomi thar e

3 1S tern- r | 1.t e i [
o8 it S SRRt Bl R s
th@@ilar cehd0pl Lir slricteyntollingmtsan ac@irdamce Sith thegpresent application, the

onf ] ation i s advant ageous because_ it reduces the.
sofsEprsr LR gEREBIED G BT AT GRLTORE e e HRBRA 08 ecitonal
wigREbEHLIIR coaiter-elddirdded. DARAIRYN 8BHESed §d18 EBYES I Are found in

l ength that current nust travel In the transparent
copgsinecynited Stafpepatont appispligneseriel nusehen /328,847, entitled
[14 - i t, . .

S AL s e kditg o i
hebpincagioratedby caféregperhateirindtswintregy.t here is only a

singl.e 2 ter-electrode 420 associated, with
o v SIS R e oS PR EPSTAE WP CLelgiral PR 3 Bt
serflBtcohhdY Ble dldhghicd RSIRAEAD 0T OPSHIAIthNE, d M¥Edlectddl contact 433-1

before it reaches a counter-electrode 420 is a ful

elagicallymtgrfsee Witk thercopriacdediode 420 whaisapmsesond electrical contact
y Lvie - T, t At

33 TGN AR 08T DB R (65l ofongaed

sokdeq 2N dhes Aispelecthieal @ottesti43 341 serialhydcdnaediythe ooumtardectrode

[Limted to the pe .of, the gropv 77 30i| |l ustrated
of i Shqrigied Sl cqlﬁ@éﬂ él}e&a?k-swg%ﬁo@@ of diptiie clopgsiph S cell
ThE B&%nd eROGichN@ntRNE 38X kckialY cohnetds e Kgk-bledBadearnd of hat

can accommpdate all or part of the counter-el ectrode

f
elopgesed solgy i 492t @e@wﬁ@?@fsﬂtvﬁé 420 eEuwthenplongatest sob cell 402,

- i i t. il Last
o B PALE 40, RSO TSy ARk 6 e
the ack-etecghde 404t is te¢l e snlidtclybndrivat substsato br is hdaygr olalectrically

cod ugglﬁg%?%%% Sieh absiat g&%&%ﬁ%@c@gﬁgﬁﬁf Bl Rtk bl 402 is
coftediBy 8 trafd t @dbg 480, WO _
2008/ 060315PCT/ US2007/ 006615 and each respective )
el offyadditions Sigayre ¢laiprovadss ap pnapenlged, el qelf 462 where an optional
fillet ADE38%n8 Al tAhsRRlnt Sasing 31040 Re élﬂar'c@@sléav%g{ dafiyPdne end 466
corfesponding netal counter-electrode .42’0 I nthe
to gdtabligh elegtrisal opptradts. dlb isrto be appreciated thet in smohe ¢rhlodimeénds, the

opforef Gk 230 4 Ale hfislhPHRine 50 e RoRL @R Siep il ot enas
(e.8.01 55 arciedd6. in PigureD o the elongaidtbsobnlcall 4G ek hvakbRnbkytablish

EiIJ strated in Figure 7A, each respective el ongated
elegiBical CoBEACtS- 402 is bound to a second correspondi ng

et aloueOPRiRistale8 § kI1RC0RI43R NI 06 RalccdBfce SR other
met al” counter-electrode lies in a second (g)r oove 777
embhdimentipfisthe pregerttapplicatioro nbhetsalar celb grsembly §08 compuseed plurality
| further il | O i eplA,
o kBl e e S LS SRR QL SO Sl
elonpged bdler il 4900ks therplirality pf elopgesed wlaicdibshaafa batieelectrode 404

o R LSO BOSR S o024 A P AP0 e

. 408 istd HARIRIH cal ASENEIF EEnd RUGH s@sirhie© HolWAP&PRlaBBinative

casing 310 depicted in Figure 14, is used to encase
embpdimsatsdn asurdance Bith Figee’, Bekslesoder40fds ¢ o filnapf clecrically
coxf?c?ﬁﬂih@ﬁlla@ri%l a@gg&édm% SRNBed %&ﬁe_ E‘Llhzltstréltg 4s inftfle ARt bPFRbre 3B.

er layer is circunferentially dispose

Thp prineipals diseloswl iaFigue 7 apg)@ taerghisheh form o packeaitctrods 404y In
310 in the manner 15illustrated in Fig. 7A in sone
enbodi nents of the present application. In sone
enbodi nents, the filler layer 330 prevents the
seepage of oxygen and water into the solar cells 402. -
In sonme enbodi nents, the filler [ayer 330 conprises
EVA or silicone. In sone enbodi nents, the optional
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20 March 13, 2007, entitled "A Photovol tai c Apparatus

Havi ng a Lqm_nate Layer and Met hod for ;Naki ng the

Sanme" bearitng attorney docket nunber 11653-032- 888,
wouwhiszlaod1ls her eby i1 ncorporated by reference heCBRURWTIG6615
Figure 7emsdnpicondutior jungiddn $lirip ciseumfbrengaiyatimobumidimtbatenductive

I ndi vj L1y encased sol.as.cells.402. are.
ool et FRERIR TP 4% ieRouBresetalt fisprstop e
seitAcondieorjhnutiahidly. of soedecongiiiBabnss tharphaelhty Df 03gaéEsolar cells
O%Onf igured to receive 25direct light fromboth face .

407 8% aFognefricRlly 2engse it paarilel oaa nggr Patpllel manner therehy forping a

P e SPORPRNIAg e TR iyt RAREL e bl e

(fasingraisist 16 of essembisr 0).n Theplurstithyf chmgatad solar ceHeissoianged such

el s such,that ,th .nqt touch ch ot he
ft o B Lt eRted s o€ A PR of 5 ertod s oo not
coftaeidjdcedtl elan@hted Sblar els dRscatbobihedvy, the pt@nlitiRE tloAghted
§$tq Fi gure %B. %&ghough t he 30i ndi vi dual, sol ar cells
sogr eelstiv irenes sy taateagheidbe orgatadrsolap celis e Riyrality of
1613eRB 3blartell &l
T R A AR S L S A L )
adjpgentietpngated bolabedls A8 Inseme cmbsgizneatst the abiralyy 8fl@ongated solar
' i pdi Vi I ) he sol ar
cefiCfs i g BRL e SEe SR Bhef pZeliy Bt pluitfe”t Rngared
solaooélBaioss direvg ¢entactithgmitertpasgareant cangSHAH afjacdnt slgngaed
Gpt {%ggired for individually shielded solar cel
SO ﬁFfS . In fact, 35the presence of the transparent
Cas TR Gorad nBEEMERS ShEREa AT 8RbYd 777¥1 hdll 4 RBoRPBEve 777-2
cel | WD 2008/ 060315PCT/ US2007/ 006615 assenbly. For
that geehamoelengthwissran oppbuiek sidestod soleheslidi0t AnEigutsetAvseme but not
all}?é{%{ég ?97 %% liﬁ;rfrzlleglfe lc#‘] g&@% élélrxgdgr?ng'}tg, tgerg]sfﬁrc%ggtﬁg-relggtrode 420 in ong
or hothadredves of thheblaeeslls 1 Iathd embodiateanitlysteutedapFigugd 64, there is a

correl ated W the .siz n i mensi ons, of the_so| ar
copgeT-Sgsios B P"“S%@Y‘?r‘i“i%ﬁ% tg%gr-sf woond eraqyes gf i2h blar el

in eﬁﬂ&rﬁii@ﬁ\if s612N¢AR! Shaf eMlighfbos Rlaalarfiflebss ¥lAusk $ reduces the
made by el ectrical contacts 788 that electricall

pagulangst f eveenbdranaaibefi thoranspasgnishndirtive lyayhiZedn g@lleawords,
g o ch IR HOLHSRRPRATE BRUL BB EANE e

befdré itstachetsescamntrelpoaydef20ds agtater odHthd atumierencs ef tho4

e Rk, BB Qe B s
cofiftbr-8ledRde 420 associafRd val Agivatddiarass 80 e thbnlishy 18888 that

in Figure 7_has several advantages. First, the planar
CUBPRIE HYR! inbkansperefoafuctir layendiZ hefyy Edcashefineousisio
O B o R I o RIS Ry G 412
The 3Besantcippbeation 66congmssen grooves Eiviibatihaend browdh eange of depths and

i ndi.vidually encapsul ated,solar cells 4 are
shagh e CRtacl 28 FARRE B8 130t o B sbbedl Tisrpoves 717
illeshaed is BiparalA Olh gdnbrl,shy gedoueé chaps 7¢Dthal Rhehl¥ng the long axis of

self\;}g#&oorti ng. Still apother advantage of the

a 59U ERIptY7 nd thatLian gecommrieiicl LT @art of Heiaurier-alFetiode 30 is
wigiri'li? gleééoﬁehﬁtthéjﬁ'@&e?ﬁ Sblicitidnl. POk ExaAPle, Ws&%&&ﬁhﬁ% not

or transparent conductive oxiée on glass iIs
illpsbugteid by dFigure 7 AeasiEreovet/d 7 ssspadipined sathgbthene igelight4between
' ' - s 420 toget her
@l pERE EER0ETR B BOLAMEG PRI AEE, e 20 74
coursailuatatreitin Filprd 28, thedeere 2 pluradity of rhétal doonter-altctendes 420,
wire, can be covered with conductive epoxy and
dropped in the groove 777 o% solar cell 402 and
al l owed to cure. As ilﬁustrated in Figure 7B
t he conductive core 404, the junction 410, and the
transparent conductive layer 412 are flush with each
other at end 789 of elongated solar cells 402. In
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25 junction 410 and the transparent conductive | ayer

412 as illuystrated. Junction 410 al so ;érotrudes a bit

at end 799 with respect to the transparent conductive
wohens®s03442. The protrusion of the conducti vePCHus2oene661s
andteaténdsla'b@@vmwd fsalar ¢4 (B id s phiralety o elongrdd dartceldais

cond ive core 404 are {EX
boll oSSR oo il PR Ge 20 e By of
métﬂmﬁntéﬂa):ctro'ﬂbﬁsmmtm% farkt m&w&oamexf-d:lemoa& liedini Sgrbéve 777
reduce the 30 chances of shorting . th
thy s enrstievise tloar e sopertsie clangatep enlyr Cﬁgeﬁu‘tﬂéﬁ%{ﬂw in thy golar

celt 9&@%@[ zﬁhﬁfa&édqg‘?’ ﬁﬂe R OOXR rezzgelvw%lbﬁ%a&%o% %Fl? B&® §Bbund to

cond UCtI ve ayer I'n sonme enb or a
a -‘s]QmTldl corregponding metg) ogwderseledtmde42{) sgh dfat the second metal counter-

r-.el ectrodes 4 el ded with an .
eI R Fisafp Seconf gtioxt 7 Hbndr | BehFire slane AR ponestivg ongated
solaP eelcdtEN casfufther@ligtiatddGR FigBROTA @R it grb6¥e EPvaiR |t1% sebdhd
sonme_enbodi nents, the expgsed surface area of

2renyeg16 WWQS’ZGBWW@MSPR%%%@G Oéﬂ"@dﬁpéaé‘@ ehorgated
solaFc} shgyed {ﬂgg%ﬁ{g %axl:é&‘thgééﬁ is shielded with an

ectrically 1ns g material. Still another
adv &mScageambodlmIenta,sasmp@rent Ichsiisg 318% swthiag thei tpposparaht b@mg 310

t.hat, .t he count er ectrode 420
skt i Pl . s UspB ek STneRse S ST B0 dibee B mportan
to exuhindeedir fedr Clier s{@ﬂﬁ_céﬂ? Gni€ 402, hﬂ‘éﬁtl(ﬂlalsﬂlbé‘éﬂzﬁ}l&f B30 is \xgcumferentlally
_cross-sectl Oonal Sl ze e. d. n I a er en
dispgsesbevegen thaypplay gell éﬂés '?ﬁ%ﬂha {TARFBETERY casmagi in thg manner
NP 5 th 24 Qﬂﬁ e GAQoRABnE B hY p?es&ltqpﬁlfagﬁglmmmunt

curre SO he w res can
erqboémudntse thetﬂﬂstslaecra?cﬂﬂu migvenisghd seppageaf pPxirgenfnd waigeinto the solar

ceﬁs {tﬁ %2 aThee er% {7:3 ORg %ﬁ%rl }re% 395 E%ﬁﬁé&f%%?h&sglj sé?lrclope In some

can ween Sol af ce

em‘b@éhntdﬁts‘; he dﬁﬁﬁrm ﬁlldxeﬁy@ﬂsd i3 dlakriigite Ryetkdch ddoung\oEthose
pplication is not so lim

dl%%eﬁnmfeé StatgRPIeVISipgRlPatent swpthe%trqné{f'ﬂ%zr Yorbe dstestiined filed
MéreR €3 Rn7 (e‘ﬁtlged “ RIPRGIoNb e Mp&anmahﬁg a lﬁm%a@éilz‘f}]el' &ld

fashi'on) to forma tg’;rou solar celTs and then such

Mejhortifss Mﬁur@dihaﬁamel g atterey doakgt mahee Ei65d-433-888cwhich is
het‘s%)P gt{cog)&l?zﬁgc? éﬁe?%‘eﬁ%q}e%% inai 5 e%ﬁfbgf ﬁ)% 's&dﬂspu?;?otsgle ffﬂ some
emblo@ineenss, tHe indieidpsllyl&fvased salayceﬂlls ﬁbk areafsesdlalinoe planar array as

depieegt FliissTA The PR buoLSIRAGIerner TS g e BARged o recsive

du@antgaf:fmm%t@ebe 43 dndCRBTRSH SF R BlinaRaRa@y.r of sol ar
402. Yet anot her advantage of the “assenbl
ﬁéofFigure

i | | llfsgqre?fé erovidesiaguess-seeiang] view withiiespeetap Spar B
asﬁlél%ﬁg%&b% ate ‘éieEﬁx‘é%? %ﬁg&@r&e rﬁogﬁér%ﬁ%%ﬁ% byn‘aarfa'ﬂgiln? ?!léeraé'olar
cellsgoeh 1138 Gely ide nobwuvke eachtotler,catilbrstratad fra]i':lgunaﬁ 7Aaind 7B and by the
usS S dlectaZal contacts as described below in conjunction with Figure 7B. Although the

individual solar cells are shown separate from each other to reveal the encapsulating
features of the transparent casing 310, no actual separation distance between the solar
cells 402 is required since the transparent casing 310 shields the individual solar cells 402
of the solar cell unit 300 from any unfavorable electrical contacts. However, tight space
or no space packing is not required for individually shielded solar cell unit 300. In fact,

the presence of the transparent casing 310 provides more versatility in the solar cell
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and the inner surface of the transparent casing 310.

Al t hough Fi g“ure 713 only depicts electrical circuitry

at one end of adjacent solar cell units~300, it is
wobBoRasdhe for electrical circuitry to be estpbliShethossts

as@imtdpt For@Rdamcefin sehatmbedilnehts) thé dlgﬁﬂceq{et\b@h\&ﬁﬁeedt B@lar cell
two_ends of soI ar cell units 300. 25The sol ar cel

ungts 3PQ)1% G mickrns 6F amase Ovl misrensor grealsb ftS @qu@agﬁ@Wtﬂ%
beﬁvééﬁntaaa%%ﬁrdne JrRptimEREEorte il il Ble sBAR1aRY g&gnhi%ﬁsg&the

I's encapsul ated by the transparent casing
solar eelbwatsenp. caS| ng 310 is at | east partl ally

tr agﬁsegarflﬁé‘{é Furé ggs gerlaL?:lgcgptdeﬁ ﬁaﬁ%acﬁtog ween té%Har LeRYeh s
mmwrﬂwctr_a:al Comee e ozl eegtricallyt dvmngut endntk-dRoirgR 4@@ of one

not require jnsulator |engthw se between each sol
elongpted gfor Cefle"to é@t}‘&r?BFPFQPn%H% s rteclpdasHel §bp alffe&@t polar
ceﬁ%ﬁ?"ﬁl fﬁ)fu'rtﬁeﬂﬂﬁstfa&s%u&@a REE Greta? cORIUER c%re 404 and

absorp £ion 10ss froma transparent conductive [ayer
semrcoadmravnogmn d10m onesoki ddl 412 t hethes Bhinipty theFmhitagnre of
so ei 700 has the sane perfornmance or absorber
aF 658 %osed on both sides 733 and 766. This nmakes

aSSGﬂf@kMaﬁ €4 BYenB Nive@dted in Figure 7 has seSefal Advan@p&e First, the
advant age of assenbly 700 is that all electrical

plangnarsangemeniof thepsolar callsi40¢ leayapal Pedeerq Rerggnt shagding fip the

asdehibl e Bl 1ﬁ§t£1%e 7t§e ZS@GfQ‘B]gF b)) bCBivd Bdrect Snl om b8V B3 and
easier to 2008/ 060315PCT/ US20071006615 connect

facari’@éméb@pnd» mrﬁn\l@dyndni:swlne@e indbadually encapeulatoshsalarbells 402 are

. [ i fi
R e L e
selfReprviigl Stilednbitet shvaitagd ofstht asfsemblyl 1s a&s effblayufdélre. Unlike
Thi s, i ncreaserdl n efficiency. arises use the wel ds

solanfrliseuched thadePsiedimbigyr TFomo; CPWBEW &Y grirepsngrrng

coKduchUe SRIE off BlAGYs RRMIred. Foreb‘icﬁlﬁgﬁaﬁ“a@seﬂtﬂé”‘a SJISHUER 402 and its
here is an rntrinsic |ayer 415 circunferentially

cor:tr:wpoélea choutenesieriotes ‘é’@ﬁﬁ)gﬂﬂm trceammplete thetdirghit 4lvetratediin Figure
ﬁ Jtérae!i%{?r%gg gﬁ ﬁ.&i‘{éﬁ &'tog nthe F e&fa ?:? el g@co?el%ﬁ Gaired

ar ce ura ongat ed “sol ar
coﬁ@lcltlse éﬁlﬁy ahfi drdpped inrthd: groloaeyé?? dﬂh51ac ecil 412 amd dHowéd @reure.

undo [ ent uch as c,oxi de, al
oxi b iR e Bt foraicsccare ARatheuichpn TG, the
tra'n r@%bxﬁ&cta\lé’la?é? g2 erradh WRikcach &th@r At ena ¢$9M1@ﬁted solar
hunctlon 410 of the solar cells 402 in the assenbly
ce

0% drrﬁpmé@t ahendntf8y the sendustive eppeprofidesarbiowtizrespect to the
]ulgc%?lﬁ '42{) %ai@é}a%feﬂt éd?ﬁu&weq Je? 2R aludiAYRr Jﬁugﬁmfl 'g;@ ?lso

con uct rvity type the I nner coaxi
pratonies b b st endsEOomith rempbmlthetrar[spardmtamnducnye tayeret 121 The

an exe a odi ment i-nner cgoaxi al, | er .
oo e b SR a0 o 7o i B Sigeq &Y lggminat
pokwtﬁ'rt@@@onutaaw@ bR 408 @ixdilosdday &F, nitvEies 8 jdnaa&e& 0 and

I n2S3, ZnS, ZnSe, CdInS, CdZnS, Znln2Se4,  Znj - X0,

traggpgrent qonductivedayer4d2). e Ruspasel ofihs copfiguratinn is to reduce the
chifeaed %‘Pﬁr& tHO Eodnltéd lé?écfr@tﬁfe Ob()gr gif QE&fy Jsed {J‘lﬁount the counter-

conduct 1 ve cores S
eldrtbtioinegtooVs 1J) with the transparent egnductivd laverciém Irawmbl y

em800 1mus*,ntst gﬁ oPh SCS)I% h ofelﬁxlgle;c‘p:c?steii Qlﬂf&clg Glea io? counter-electrodes 420 are

shielded with an electrically insulating material in order to reduce the chances of electrical

shortening. For example, in some embodiments, the exposed surface area of
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identical to solar cell assenbly 700 of the present
application“with the exception that 20{ransparent
“conductive tayer 412 is interrupted by breaks 810
wotdoedosbsis al ong the long axis of solar cell spé®@saodtoossis
coputer-clenipddes dRY irt the bongd regiemsfdig Y8 is siriclded witk ah elgeteically
. 4‘1]’[2t In the enbodinent illustrated in Figure 8, there
nsglaiine I9atE%aks 810 that run the length of solar cell

402. stlihgnoftfel e@lanfibe SE1GB aleRBKS 118 AtddSn Fipate 1 RaNat the
el ectri cal lf&pl solate the two counter-el ectrodes 420

coyBisEelesireds 4xdtcan baermuch highee sprdugdaty withoyt shedewing. In other
G35 o o TOR 28 1, TRl Sl el 0L BB o

digragtebehersdbr cell 402 hdsra Ganediemiter)i Fand, she avanteatlectrode 420 can
el ongated solar cells 402 in, assenbly 800 are .
ooy GO BSar] o SFghstent 10 GRrihE STer g b8 e PpTtle, s

en@p}h@d};gﬂﬁﬁaﬁdnhﬁnﬁg@frﬁnagi rs of elongated solar cells
402 that are electrically arranged in parallel. A

f i r skhegauessonperdionoeatyerathe splaroichs 4¢%eqan bebatvsen pairs of the
o SO 023 i FADREE R R AL T oo, B oSG g
lingiteslc tIn isqrak Epbedindtoist twogprmare solart aells 40ibdre ghomypwd toptther (e.g.,

[ oi.ns the conductiv ore 404.of a fir | ongat
cldeicRy cfiresieg bt s e Gfton) B el drsoBe AT B then such
gr&EQIRRIeblar ¢S afedibil Eontibdtédioteact BBer IINREBERE AR serial

conductive layer 412 of the first el ongat ed sol ar
copggotionbetyveensioda celisean by belsvesa grasgs elrofars eelisrvdipspauch groups

e 0 r

nefO RV NG of RIE M 40200 2 Do TR E 0L BN0R Heine B
illosrachs ot preferred \On BB EAE0 3hHBCRERUSRERT 7 E0SGADY tayects oxlf a pair
ft h|l% t 4g&ongat ed solar cells either directly or
Ol Bﬁféﬁ second el ectrical contact (not shown). The

pai reet@hotBbrigaitegt sahadssaablly sihatreted hEFigale I8t i e they
arranged in_series. |n sone enbodi nents, three, four
trangpagent gasing 3Hg gircunigrantially disposedon the|selpesells A02pinesome
en?doanﬂé&ﬁqn%aiia{an G 1§ye4@|?r0 RESheRlvEnlthd Gk srfBEd GHERE cell 402
In parallel. These parallel groups of elongated
ang dlad innercufhee of 0l tansparnatcagihgd1¢.i shhaugh Figusn @l anliyrdepicts

i . | i e. I .
T pe b SPIB B T by %y Y ARG e
cireit§36 be ksnig ahedlathotibends of ktardRR unBedEUs beiviech she two ends of

'L%n'popant to exclude air fromthe solar cell unit
soyoell un5300e; | ayer 330 may be used to prevent
oXi d@fels8lar B! cﬁé&[-’%nﬁfi lhédordmbd with 2he fiSscht dppitdiRdh &thdvintageous in
i1ler | f npl e EVA)

Figure 8, the f r layer 330 (for exa

thyreaciemdiyiduabadayecell 362 ispupapsnlateddyvhe eansparems cevngp10. The

| s , filler Lawer i [ S twe t he
wdgStarde $aifne J16is ol ool pal Bl b ORGSR AP IR R I
mate$al 3gct3dsthlastios soglasse moostdinghy, solart dell assediblieiuadd according to
TR AR O L R P

anbiheH&hbati@Sntor IR ar@ell bssem8BMI0Ys S¥0n HhidHBerB i €%FKira

application in which 15 back-electrodes 404 are
abpyPelogs frpr of teapsparers cRodIcH Y layereor 30urtdl grdiea onesideREthe

; : ¢ ; .
o Ak B AP T TR Sl PRt 9B GL &8 Kied on
batthgites 133rapd 166 Thisenakeersa¢hblwd0f kymoetrichle sol ar cel |

. Back- t 04, ] [} . t
e Sl o S BB o GOV b R W R e
thpeanid leReldt.gh acthe @lane Lf DR 7BOB. of IRigise MR). ebadhthey sre easier to
back-el ectrode 404 is netal tubing. In 20sone

enbodi nents, back-el ectrode 4104 is athin |ayer of
el ectrically conducting mat i al ,
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e.g. nolybdenum that is deposited on a substrate 403

as illustrated in Figure 3B. In sone er(?o,di nment s,

substrate 403 is made of glass or any of the
wonmedsaikoak s descri bed above in conjunction w tOT/TRM7/006615
cogeevd ped weld sdth yeiry tnleshbsmatestreaatasted @Bthelend.s Thie simplifies

nbodi , tall.t | ted | [ls 402 in
R T T T
effflEn TR Locl dﬁsegxglﬂf 7600DEs FeRESe in EITRI@IcRRBsR i%éa%seoﬁqe welds

el ongat ed sol ar S 402 that are electrically
CaaerﬁWQ'é"d- in parallel. The pairs of elongated sol ar

% | Ll _ . ( .
o TSRS E5l X G Rt ERpabile v
Figirgfit themiina, intréusic leyavé i ciocunforeatidlyaligataltbetwéeanrthe
| | 02 are electrjcally arranged.in parallel.
seitfrondocterduitiogn 307 Gt L Srnbr SRt PR we BT A8 dn slppeated
soRiF el 40Nin 3kkeple@lik GtlldrigaRl kARARMS 40D, SEiel if@insic layer 419%an be

sone enbodi nents, a transparent casing 310, for
madepipn endpped Epnspereat 9¥idesugh pezine oxide measd oxiledorayy transparent

mé&h iR ﬁ%ﬁ?ﬁﬁs@thd&%\gf ?ygmeeén%&gﬁ%gsé ?n%l s@lrnlgc?)ﬁhl.lic% l’jlglgcgf)ré FHO of

ecause Ft7is I ant to ex ai'r om t
thesldr calls 40240 2he asdainbly G torspide antinmeayodail layedaridan outer
r.event oxidation of t sol ar .cel |, 402. .
coRFE PR TR e oREr tamelsl oy oSS fythignduotigjty type and the
inre? @pdxid) Neer édrhxlsaﬂes h 8368hd, dpPodite LonBXAHVRY §pe EVfaDéxemplary
siljcone, etc.) may be used to prevent W .
cmhodgranb el inpe reaiableys soBTsss serstiliun-salliigetisdenide (CIGS)
-ar ,
S the P BB ol b dpt im0, BRGRZRT A B, C,
Znimfes, dnpiMps), CaSy Sy0LnOePilef edioped EnQuirescne dhlyndireents not

.10 jllustrates,a so]ar cell sepbly, 1000 t he
iate b TiEh 7of e Blveres @2 ST RE aplocrenl ot s bolaned.

t r aFspae 8 iltustans b edlhvelll asgeaibly S0D%T thdsteserngfplionfondlAl is
..are pierced, 5in the manner illustrated,,  in order to
idendieah te sefarchel @ssambly doftef theRresent pppligptiam with the syeeption that

i ; R RS ' f I :
e A itk v e 120l 67 Bl B ot o8 KR TR rg o
of eblanepdls 402 arwl cut completslyihpough thansparent ¢dnduttivejayeoAtd. In the

[ . Ei i) ]
enolinfing IBNRe i gy 8, 5ttt Guotiedis S WP LR Bnen of soer
ceP Eea e"lnlﬁe ffiot déﬂmﬂc? bft-aksﬂéll lltOriag&pmeye Elbctﬁezﬂlﬁlgol% ?m]?ﬂer-
the, e ated sol ar ce 402, | eaving only ends

eleéff@%ﬂgaggsoa@@éwﬁb@éa Soly celiAqB i oS pasgly S00. There are
medly 86dy% i Rhich BRRARE BOPED be HRle€ PSex@inpld 8 1RLORIARH eich can be

solar cell 402 are stripped and conductive | ayer 404
us¢ds exposed. As in previous embodi ments,

back- f.LFS '

t o L SAEECEEnARE, e ERnBled afer el Shoath BB R B0t e
eleotricktig areariged igeriesir Facaampleciagbme embgditedtssthb@rarcgdids of

A SheR 0I5, RUREEL ] SELrol PRt con

elodpited S8k RN a8 bk klebSicAIR: &ﬂmédfed:ihgﬁfaﬁel} and 410 WY&y paired, by
protrudi ng counter-el ectrodes 420 and el ectrodes 440,

usipgiadhstalestrivet epitst (4 &, armlectiioshy sprdpotieg wire.dt. | nat gigwn) that

' |

ol RS SL 908 oFLERY LGRS RRPEGL L0 cpy e sl

celf.i Te romplowvbe patalld candt, shestemopriery comiveti 672y & 41 af the first

elogug?tgcri E@grfcielu%gti@é’l"e&%cﬁf} QRRAFING 11185 0aPnt SO NIR Sy er 412

of the second elongated solar cell 402 either by contacting the transparent conductive
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20 402. In sone enbodi nents, counter-el ectrodes 420
are fittedgsinto grooves 677 in the nanﬁer illustrated
in Figure iS Typi cal ly, such counter-electrodes 420
woanes/gbuaed i nt o grooves 677 using a conduct i PET/USI6TI06615
layagneiiibe fweelghgated sotar céiﬁathbbleilre@luaonhmgba Sa’mad Elattrigal contact

spen
(ngtps%g\);/vgg %l%frgnf?lgn%aggso% cc\é‘i@;salre {fﬁ)ﬁ%g% agly arranged in series. In
sof@entbodihhehits) thrée) BRES fivd$siR, se0diy Bigh hine 03 cR&enSE8lorel dlongated
one enbodi nents, 25count.er - el ectrodes 420 are fitted
sofay oells 402 Ger dectisatly fianssddn paralida d heve resHelepiRsef plorgated
sof ¢ AR GH then le&ﬁcan é Efl serft, I N Previous
nmbodi nent s, e pre pplication enconpasses
gr odyesmeé vmbommnmahetrmsbmatobwagugéo eﬁclnbsptbplstedmdFigurc 14, is

SIBRe cha acte 0.Nea imited .t
of PRS AR e S 2 a8 PR o ek Bom the
soleb cell Mhig40P0E diller lafet 3BY eyl ugécae\peevéﬂﬂoxﬁdzﬂbn bEHAS solar cell

l ong the |l ong axis of _a first | ar ceII 402 and
40% Aysdlustegied An Eigpyedty shedillgr laygy 3 qr example EVA) prevents seepage
FORYMNSId HlaRE af&fl f
° Br*é%%m a0 A 36 R 5] b the ol
celd 4?2 and the inner tayer fdhiransparkatycesingld (1 (14 56d ambodimentstbe
fa8l el | 402

indi RN Bhnsiled 1807 S0 407 LPLARH G witaritp®s depicied n
Fignirg8re 15 so that they are electrlcally i solated from

conductiye | ayer 404. The ends_of protruding
counigire éﬂ@@friﬂ%%olarz‘t?" aﬁiﬁw@ssé? the BrcssALHRpHEHion is which
babilE¥ctr@ies HO4 At BbRGHEd. qnqwtlﬁﬁﬁ-el%ﬁ&ie%q Ichd B lgillowed in any of

devices. In some V\D20081060315PCT1U82007 661
thegrblrgiimenis of thg preserd sp@icatiom dOsvadvertaged htdtomd éscMﬂectrode

40@5@31&?{3 tﬁgt?t rgwces vgéﬂ% Shi o{' fhe 3 cc?[rgg egncql B cfk "ri:ectrode

|on Strat egy" Sde

404Jm§ fﬁcﬂkﬂm@ﬁ a\thes tHEﬁ Btchappel thatditands NagthbldeIidugB4al or a portion
8, 2006, jch i her eby .i ncor

OfF’ %9“{50@5?8 elnsomg %@Wﬁ’ g5 “alesirods 404 lﬁ&%i@?nabﬁn

soMe @fhbodiments, backlelectrie AMUIQE ithTR Myer Sf%clbeRiafly 86hduBting material,
Figure 15, a second set of electrodes 440 are

e. &m%&%mdhith%d@pym Hybrirase €8 asdlestatd in Figure 3B. Insome
%89&9’1 & ﬁ{brsgggee Qgg%tx{l%eo%lgfﬁ ?rce&?%gﬁ’}e xﬁ@éﬁa‘?ﬁ&es&@%‘ above in

cogumﬂmnmaﬁtmﬁgmamd@hdamﬁenmfﬂhmmhe4@&esent appl i cation

has .t | ect rodes 440 hed t
s b En RS L8 B P s B0 RfptFo00 e
cleetrRally ae@ped #Dseaes Eirléﬁﬁlmﬁﬁt 2 sBve %mb&%&@%eégﬂe pairs of

usi ng a conductive ink or conductive glue. For

clapgatad pear qollpAeR et are glgatrisallyareanged in papils!. ehisowitrehelangated
solﬁk &dfs a%dl‘ﬁ éep[rl :Q%aHgQi dl'li}C %n!u%y §h Fcﬁge erﬂ%ﬁm?ﬁ@ &ﬁe%am five,

con |n or c ive
sixj, Sevtsakmght,smnet e, ebbecwwmuteslmg&ediscdamtls 4@2 &t elettricalby

 aGRERaS bapelién, 2P Db adnci st efiE A2 s heg

eldbfrivally kasiped of seriengt hs and w dt hs and shape
characteristi¢s and are by no neans limted to the
shafsqme erbobmerts: arfrfmswlé cagng § 10, fof&xanpls af Aeamtied ndigure
1458RWR Jséd 5l Hetffetentiall %o&éﬁ"@loﬁgﬁ% cﬁﬁ%%l]f’ Brcause it is
opposite ends of the el ongat e so ar ce 402 are not
impertan & exghide sirdeonpthetshlar sall unit 403L addlﬁtmi ferlagt may be used to

DBy s 0 B T, RIS g

optldmml fidlpr Jayat 8301 for beanghleEjA edsilbee| ar. ) oel be 482, to Brewbnt
an arrangenent facilitates t he connection of the
solar cells in a serial 32 In sone enbodi nents
i n accordance with the present application, the two
el ectrodes 440 can be on the sane side of el ongated
sol ar cell 402. I n sone enbodi nents, each
el ectrode 440 is nmade of a thin strip of conductive
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30 5.1.2 Transparent casing A transparent
casing 310, as depicted in Figures 3A (hrough 3C,
seal s a solar cell unit 402 to provide Support and

woRb@leehson to the solar cell. The size and gi1res®iPMmss1s

seeagt h’éoX}rgam sphwetet intasilargeli€2are sane emhddlmehtk;yhet individually

si on of .i.ndividual solar, 35¢c
enost 8P cels POLSE Sy e 405 950 FrosREpa b iglte . Heure
10G864tRges 340120811 £:8erBIga 000 of Wpresent application in which
2008/ 060315PCT/ US2007/ 006615 gl ass, plastic or any
coypiserlegindeaitd U‘ﬁﬁipéfein&?ondli%m‘?a%@fﬁ 4ﬂf2 Wtjevqnan%ﬂ%@ pierced,
m?l?éi ncﬁqgﬁag?ﬁﬁigttrétgdr e@ﬁrgtertt]% Fotn] ?vgbs&%r@[g un%ﬂ&tisqg Bgrjdﬁe] én some
entbodengits $&) transgargsit pmngii@h fcmsxq:m[bly aeddpydiedointiagry | 4tomy be

oo Ei e et e P07 B oh S opest) Tres 30,1

SONEFi@lro @5 ilfidiritaPhPelondaledndRa &@nnomtaeédr@dnce Reth @w présent
descri bed exenpl ary nethods used to nmake the

appligatiopaAdranspagent gesing dl 0 angasss the clongeiad prizncs!] 40Bdeaving only

‘ enlt I@fﬁ&%ﬁgﬁf 42 Cgﬁ%d%g'gsftéﬁxtslgalg a;?@_ Hfbgir &a'(':mel%(ﬁg ends of

thselah@ﬂed_motah cell 02 qre stripagcéanmadndtm laysr éﬁlalus exposard cAs in
prvids PR netise prdheetechtiag 488 ssPiss e e i g sSeloly

an€ GitsSttdnydrém Ronductive JaRersO®naRdeérior BlrFace o €ach elongated solar
transparent casing 310 is constructed using bl ow

cel 40 seryes 83|th6516}?@“9% dn srae embedimaR)s tm@cgﬁa@cwﬁ&h@
prisgﬁ a?gg%tfbﬂ Q?llﬁlfgtrﬁ@él M‘Pﬁ%?te 19 vER Bro@(%dﬁlgtcgﬁ{tepelectrodes 420

or reheated l'afing thé r agai nst
and klsctroded 448, wisich Bwiatthchad ke thwebmgatechscdarcmb I4021gpr¢\hée convenient

el#%FroagCt é’t conduction or evaporation of volatile
FRO®EYRe cont ai ner. Three general types of blow

mol dh Bgpical embadifdhts @ sHvaVinRdude 1Y) thdrdjsecfirsiOiRtoddle®@V7-1 and a
nmol di ng, and stretch bl ow nol ding. United States

seeapd greoviibThrthatsagtping leagthvigononppsingidesial elageaod solar cell
40PP i &RodlimeRS ZoliftelFd104F RS0 arfiREd infPEBBveRT67RiPie

nmol di ng that can be used to make transpareht casing

m@umer illnstFaletein|Fogurd dhs Tygically sushiopnasereel¢qtones) 420G glued into

megbﬂgusnl%g q%%pl% gﬁ@?h@&egﬁwm@nﬁé EYPro-Cote

(avzilable Stoan Ledsemf. covh,dAlbany, N&v»d%mk}&;tv&ﬁbh in a Eprgyable Métallickeating

extrusi on bl ow.nol di met h o conpr
Sy GO gl PGS S IRSIPG CHLp/Red oo egibgdiments,

colMtERelt IR BB fikied th to ek §7 Fhrfduhén aﬁl?@ad of Bonductive ink or
extrusion _blow nolding (EBM, nmaterial is nelted

copdigtizie elue ivanplicd-nfd inpRGPLGbadaents the pregniepplissionas
engch{?%a[i %ﬁé(ﬂ/e bﬂ# hgt rga%)g go}&g 5@% a@g%thsc‘aﬁdgsﬁgpccaﬁ{aﬁ{eﬁgncs and

is by oovmebmst lonitdfdetoFt’hu shepaof the gfc@tres“@?’h illugtmated it Rigusehidpdn
co nt

sefereb Ao aEBeR % 17 Rt Ths Fonghis e Bt Soigt Bidp2 and

thatRen hét@mideddatel 28 RIpR L Gounter-electrode 420 is within the scope of the
present application. Counter-electrodes 420 conduct current from the combined layer
410/(415)/412. At the regions at both ends of elongated solar cell 402, counter-electrodes
420 are sheathed as shown in Figure 15 so that they are electrically isolated from
conductive layer 404. The ends of protruding counter-electrodes 420, however, are

unsheathed so they can form electric contact with additional devices. In some
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EBM processes consi st of either continuous or
intermttent™extrusion of the 30 Parison 602. The
types of EBM‘equi prent nmay be categori z&d

wWo206akses189! y. Typ| cal continuous extrusion epti/psRRi®ss1s

emisidirhénys, geropes 67 andicaiintenvdi@ioded 420 amdhaliphgergy Foesmmple, in
andgﬂ]eahuttl e rmc ipery that transpaorts . the finished
SOBE S POFENGTESH ATIORE tﬂﬂacrlp grloEstEAlaY AR sflizlored inddpited States

Pafefk F\';ﬁﬁlu%omh L 1)878,850 E&fd' M&Sh 28,85 Rﬁ}ﬁ@t@&'b@&b? %{csworated

machi nery and an accuful at or head nechi nery. Basi
bypefeyanse bereiuin bis gatiery, foHDPEPUIPYR, dnseRET are 35

i ncreasi ngly being coextruded with high barrier

resins, such as EVOH or Nylon, to WO

20084 ﬂfeoe&mﬁrédm;smaeﬁ Efguw 13 h §&cong ket tlc@fodes 440 are

ce ter oxy or, ot her substances.
a“eﬁws i BO%eﬂ j backe s Ertrodb oe. the B oGO 440 copduct

cuBERSEH Badkl ACARTe 404, tﬂs finetrRéd inHigie 35 ran%ﬁ,%awe%mof
25 to 150 . This l'ow pressure process allows the

acenrdenge Wit @prem ARMication hagiwé olecteodes ddthattaghestaatweopposing
en?@éf & ﬁ’@lroﬁ at&la%las’r ﬂl 40? e’l‘g}ﬁalcgalﬂg ‘%Qctu%‘c’i"% S t sur ! agc%){éto back-

es r
elacendd 40hgsuign/\ccmﬁnameﬂ< mrcohdixmune kled F@l&l’xhﬁlpﬁbl, €oaPiaeldie can

make t he contai.ners reS| to strain a
begiies. 19 TR Fbodmeat clgeitg Rﬁ ‘ﬁs’are glued tg IHY%QST‘B?#'&F%WM of
coh®lcaivdthk drreommcﬁcé gm@ isRippMed ¢ RGakeh %Mhat gRctHlRIRE §4Pde not

in Figure 6B, material i's injection nol onto a

in glgetpicyigentaet with lagerd 104 H)Hgd P.e A@gytlonq.l e nle(:tm;ics; é%(bmghenpresent
appiefioh B thahrate oM AR aRs Ad Hind Shedocreriidds dofl are by
nodnealnsi Hohited td the hupe élhwstreed in Figinecisi dlm thelmlnrbotimgm&mé shown in
.ejectiopn, typical ..l BM nachin sed n
Figilre 55&@? f%?fF%F odgs, 4 0en wasesf@ﬁspé a\cesﬁtw&t% cg}, 402 are not
onRRY SRR sideldTehd 14RO The AR elbstrdd@ d46 Ridh the BRI sah@lof the
where it is injected through nozzles into a hollo

clapgated solpy @r"di%wmledhf( wegnd eletupde AHsgutle oppide vﬁﬁle ‘elongated
B PR 541k R, 5Bt AR o s s s
méningpuirie 36113): endbbmmehtsrlnraca)hhncm'ﬁh thelprasbatpeplidatibhehe two

SR R R SRR

at t 3¢ bdfle ecnbbdimeits| dach e1etdde 440 &hiade of a thin 5 dTcBAdRKVe
nol d opens and the core rod is rotated and cl anped

materiad thahis afeshedie cenuptivedaysr 40AABPU(Figme | Do de soreriergaiiments,
RRRRDOK U GTASERT s UTARLE, B imom o,
silwdrapelybdéruar, onan alddyi therepR of mdondmetlwl iokv A®mill be explained in
conjunction with subsequent drawings, a counter-electrode 420 and electrodes 440 are
used to electrically connect elongated solar cells 402, preferably in series. However, such

counterelectrodes are optional.

5.1.2 Transparent casing
A transparent casing 310, as depicted in Figures 3A through 3C, seals a solar cell
unit 402 to provide support and protection to the solar cell. The size and dimensions of
the transparent casing 310 are determined by the size and dimension of individual solar

cells 402 in a solar cell assembly unit 402. The transparent casing 310 may be made of
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opens and the core rod is rotated to the ejection
posi tion. Tﬁe finished article is stripped off the
core rod and | eak-tested prior to packing. The
wopo®feesars and bl ow nol d can have many caviti eBCT/US2007/006615
glaspmilastic on anyhotber sudalge m@a‘al diaqaam&s nfmeterials ¢hag can ed wed to
u u te. afre thr e set of
msife PR SRl 1T Befds Ml o SRR B 6, ST 2 i e
gld6 ) verg BEsuch E&pcﬂﬂﬂctﬁylﬁiﬁ:tha@ﬂdate polycarﬁbﬁs@é ﬂhofﬂp@wmer (e g ,
nol ding. In the stretch bl ow nol SBM process,
Tedzsh P&T%@@@%W@eé@eph%atﬁé&@r Bqdlarsorf 5‘|°F‘§t°ﬂi*F6 |sw@é 3
tra!n%aﬁ’er@ma@'rﬁf Of {hw afe &scn&a%xéxﬂ 151?9:14&50(@%56&%' hikelhe
I nj ection nol ded process. % M'system
trauspumnt saingal 1)t detsmhe bhbwdlments (tbe wanspBa® casingB Yise glass

mte}g%ﬁrgg‘ g‘iuc%m A qr ﬁe }:fsg'm%g gg %lér%gl’fé%ﬁ%r&e%f% é\ng‘o a!, t%]er layer

3362kt us“po‘amum tB& tasing B 0GH Ll hid Or sAaRRIdSiol8, BerebPsedlingithe
Figure 6C). These preforns are produced with the

eH’@Eks of the bottles, including threads (the
“"finish") on one end. These preforns are packaged,
and fed later, after cooling, into an EBM bl ow

nmol di ng nmachi n8.1.2.h TrhesfSBitpasiog sensttdrbionr ef orns are

of adk b HEhiFiiYodh Bbsplirh el AP Sihnl Ry Snb o

meliRgSs BlEw &ioﬂdlhgltrﬁvo%bﬂhﬁibﬁhg thisdndg of@éoflendd be 6DpddEmers,
Usually the preformis stretched wwth a core rod iigiails

wiggh ¢an bithergatydessarykentedanfatingbe palymer agatst the
wiltfa Biow h‘ﬁﬁ anfl °9§gﬁ thé’grogﬁéérbg’r&ogd&%@mﬁ&h ordfiéh of volatile fluids in

th; ;{J%;etrh mtregen@aletmpwaif Sy mOI%grfﬁﬁr@ extiusiopthlew molding, injection
bl?‘% gqoi{}n%gxpg Iirﬁtcﬁbbféey élldfr‘%g (}nht%g Sf%tes n{ ]GS Qgtﬁ%& de8cribes

essur es

a (8¢ bRV RRIRIDESS, 608Hh BigutW)C Dthet f&mw ccfamiw ffdlding that
6C shows what ha S i.nsi de

5F|gure
cafyBf se dp nake BRBTPHSLCASTIE SO Jtchicle dovs ety ﬁﬁé’F@ﬁEP?aDPE)
t lyQfylk I RY RloRdiROMA pol lene (PP
bl blding i et oy 4y LRI Y RIoRIA2A polypropylenc (°P)
blewimuddinged bl owi ng a bubbl e'. Once the stretch rod

ot BRI . She Wi

méthel ngwisaDd Barisbdl k. gs 60 int Ripere GA) arﬁcbmblnirhah@s that slomsnnto the

enbo ts, arent casi 10_1.s. made . qf,
Paghoeeits SUA o Erii T gnaeisis Ot cRTgRe Gpb i is meted
antl RSRAi AV a HASWIGbEQ. Iarpaixu@rhasaﬁpi@@urm riptrd6AY. eIk Parison is

fromglass transparent” casi ng producti on even though

therreapiied by ¢lpsiag ﬁgntﬁ@@nalﬁd moleh Mir isteesblgwn into the Parison,
J c a

ol PRSI I ORTEAD A BN B AR i s

cobteddufﬂg;endsa,dhe atoldig opared ahd tdegpitnggjested.h t he | at ter

ps bein nme,_enbodi e
t he L REgren Cot pFg e onticusp g8 IR G L RE PRGN e
PaiBb 16070 - THY thipesof EBN Equipsbnt may el cagpétiiedtabcardingly. Typical
extruder hopper. The extruder js tenperature

coeewf% EXtEI0NsequRNeNEYSHR L YsCOmyIse FRtaTy gﬂwﬁldﬂ%wml@ng systems
R'aQREtte Wlchingfy thitGrah§sord thelMEsHER pRIdusls flom @ tP%.HQﬁd Exemplary
through a set of sizing dies that are encapsul ated
intgimnitient extmpighmaghigeey CROPUFSATCHBOEHNG sarehampridnery andvn
18 t
scfEb LT herd MR RS B b RO L b T A L P ar
mcmashngiju beleg cd!ﬂxdmdechwrth bighibarreer veastney sublabhEWOH dra¥ydemso
on a noving belt. After cooling step, the forned
pl astic sleeve is ready for %utting to a given length
by a rotating knife. The for ng die controls the
shape of the transparent casing 310. In sone
25enbodi nments in accordance with the present
application, as depicted in Figure 14, the
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formng dies are custom nmade such that the shape of

t ranspar ent(ca3| ng 310 conpl enents the (shape of the

solar cell u0nit 402. The form ng die also controls
woréns/owmis thi ckness of the transparent casi neCRUL007006615
pr@oﬁep@nbmbmemmnderto artorakagoe Ok bhothh@ubs’tamemt

appl catl nt c 10 has

£ hF Geitetilp i OTiohGRITRB R IR 1o pBRy ptess e

typioal ®lovi Bir pieeiuresQ)fQSTIml §0 pdi hTI‘ﬁis %w pREsued pracess blidvekhes s
bet ween_ 0 and i ng the product| Qn of

Mtl%rb@#ﬁceﬁ@wakIP%@{?&&&W%@N@S whils pegs eanciilide progduced

wﬂﬁs’ﬁe g@&v\g f;ﬁgﬁ&%@%@&ﬁ ng@{;%%@ t@‘&&ﬁﬁ@i 'a%i; ltfﬁ gtg\g Ssgésg?s in

themoisied peitwaiso mbp dhakgtheltenthinears resigtant tohﬁramﬁmd env:mltmﬁrm stress
crz{%f(%cess the sleeve is placed on a conveyor that
K& it to the headi ng operation where the shoul der
of Jkyethn Bi@asholding) niffettionthiew lﬂmﬂcﬁng)ﬁBM)?ast@bﬁted in Figure
while, at the same tinme, the thread_i s _forned

6B, gisrighis IS BonRIge om0 8 6215 Pihi: g1 6@ je Figyre; @?Qnthﬁp Hheggre pin
is Rfatéd fzaaarv&isﬁlmcﬁmg E{aﬂm fess red i @vgxré 6}3)%‘ Se ﬁlﬂd‘i&d%& 'éocﬂ@d
station. The hot nelt stTip or slug i's fused onto t
Thepeocess is lden@ldeetcethm@tqphemecmcan blosingrndgjecton. hé typiéad IBM
ati.o { thi 0|nt one o ti
mashitp i£8hspd b i AnfRRE Birte) il Ry SRERAY ik llfs BOB0IGimer. The
md]ﬁh?@l}xr&fr id foe mdiﬁl fd n%xfblﬂ&nl?r@ﬁ?ﬂéxnjeﬁ@g tHrewnth I}O‘izléi‘lﬁdﬁb a hollow,
(040 rermve [ e 118} an tr erre I nto
hegte P Fppedr g ﬂ\%“b’%lﬂlé‘ie %a@%@feﬁ?é%‘%‘gé s thisderns]
shiﬂ%eanﬁjﬁﬁ élﬁgpéi AHER AT ERE] gtl'fe%f&'oﬁ)%t £ NGioMg |FYgure 6B) which forms
I njection no of thé head to t

th%mmwé sh@n @1 the raefdim.| Ehapre&ummoessts ofa fudly d‘mmg:drbettl@bar neck
e t i s dropped
Wit Rt e Hb B bR oy (2, 0 ST

or ghe grefd'ﬂﬁembrcbo]ﬂnQMe casirtis rotetet anhdampaiinantle hollow,

chiod bl oIk 1T BorETOd BLE P A ki FOBURI S o the prgform
614.0v18Eh ThHateRlirs theCrdisHRiagicMd $HApd OAferandsli iod&le BBw mold

used to encase sol ar cell enbodlnents as depicted in
oprisqud dke @rerad ig Btated to the Tisetionregisiont ThnBpiahadarticdesistripped

ot e LETod ANEHP ek skOPORREHTY, Phlr TR o COUTR e
many envties) typidallg hree tossix tedreddpeadispan tho trtichsdizgand 1he reayired
ot the decorati erati.on. Inks for th SS..
outhit, Rhere e R oI5 AEOEF ERASVRIRY PR FOGHES! RETorRY Injegin, blow
md¥@infbnd £B&idnDK is transferred onto a plate by a
series of rollers. The plate then cones in contact

wi t Btrgich disyemolsingn ikethe SBFtéb( Pleyy mpldingdSBMR prasgss, as deplcted in

f t
Fi 2601 8 il 0 APl SR 052 7 o s o g
lnjcmlmdnddgledjpmms vAcIlyp’calI SBjM tsystem kemaprises a stréteh blow pm (e g.,622
sent

in ETERFS 6K P e PrRRE e et mirae e SCF PRI TR G636 dn e
60 Dt (6.2., e 1rf3101|g61re a@)oaﬁ&;%olllfsg aﬁmaw@@esssaﬁxyﬁgure 6C).

However, a sinilar nethod used to ap

Theyeqreorny ereqweduicpd with thajeecks %fﬁgba?te?ﬁe lr@h@mghrg&@ (the "finish")

on%& 8hd, YERRQE Blcidiths afe ﬁ&!&{@eﬁo%&%@&%%r E&ﬁl gthh?o Ar%EBM blow
t he cappi ng station where the cap Is applie nd

mqld)ma w&hm@ Ihibe SBM prosesssthe pedormsea hegted, tyPivelly uging infrared

p | . . .
he%‘%% zlabo% elr gq%éi%gyl ltl.;n I "e%I %atg(tf-\;v% g%lﬁ%ll'}]lgll}rg{eﬁ%uag air into
botHeassing meml iblost miokdsd Umaltynha bredidmi is etrdtcredtwith a core rod as part

transparent casing 310 relative to plastics because
gl ass provides better Watergr oofing and therefore
provi des protection and hel ps to naintain the
performance and prolong the lifetime of the solar
cell 402. Simlar to plastics, glass may be nmade into
a transparent casing 3110 using the standard bl ow

Dnﬁ
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35 New York, 2002; Polymer Engineering Principles:
Properties; Processes, and Tests for N\D
2008/ 060315PCT/ 1182007/ 006615 Desi gn, Hanser

wOPRuBlossher s, New York, 1993; and Lee, Under seGiufds20¢y/006615

of Blequodesd @igags inf ptrsstionéiﬂtim Bigure G¢n Jbe stexighdmpef some polymers,

Ru bI npat i Og
such as 1 o%ze g:rn% oerre Qhaéag resu wifs o étﬁ%né?l bnm% opthe Fesin an%Qhus

alleﬁﬂi thfeﬁbb};tles %regxsﬁdefor@h% Iifﬁdaf ﬂ‘le Iﬁ&isﬁfrd_:sﬁfbﬁnefdgfy calfbonlated
transparent ea parent casing made of gl ass.
eY%a%eér?ﬁhIEW@éﬁaﬁﬁﬁgg cSr@ﬂs‘ransparent casing 310 is
made;Rite 6C Afvs Wit hﬁﬁaeﬁyi"n%dﬁ: HeBlow hid®E THR Reform is first
transparent, relatively strong, hard-wearing,

stretsbeeinmcdnlam;zailmnh a stzateh odo IAoghmald Ittywrlﬁéwm loev—n!asssrq ait of 5

to 35 Bl (A8 359 s hitatdel plflits 3THRRNE, S LIREEKA B0 pty

ext¢adddehighPhesiilg lair9$ 6 td 40 bar 80 ;m)rmckws“uge exmndabyubble into the
casi r‘h? 310, .sone of which are described in this

shape of thsblowanadd-ner s of which are know to those of
SKi lplaskiB 1}t Sndrn RN AR §{§c§ne Sty Aertd ﬂ?eﬁr&%&é}it Ea?smg 310 is
about 70% anor phous silicon dioxide (Si02),

madp ef plastic rethenthamklago r?p@dméﬁom olithe trmpqum?qazmg éh@i m &ugh

cr S
e iRl DR B Ben AT SRE B B By e B
mdidiag sRealimi¥msrebinghS&kthe. lﬁu@mmasucmnmrengbaag is
brittle and will bregg'ﬁto sharp shards us, .in .
magiEtuER BECRB T PrEdbs ol gwing SRpSo Fxte@m%#aawgs%eca@angs and
capfRil, Mifdhe REte VR StGRBBAE BphsHal.r €l Y, Wi th the addition
of other conpounds or heal treatnment. , Pure
si | lm:am(l@mlzc)dzm@ms dhapanspargntsasing 3%8@@69%!2@@%@%
m éll ca mlx? 169 saln% gla&lda t% agl tﬁ@e?f}@ X%Eié r34's
exXanple Fiddy quar ances” can
ted:i;ﬁbrétﬁrea:dd‘ediddcas ¢heveEin 1sgife&$lﬁotgh teiengire ﬁmp@'rmﬂed‘sthmgsm The

[ S SO um carponaj.e 2C(13 0 ot.gsh, the
A e ERICBIRGh f aphaL S e e esretpiard il e cehnge
crd¥® bdctiBg alRhBd tol e BRAler, IR FofminAwdofirols tRShSRAF the

nmakes the gl ass water-soluble, which is undeS|rabIe
traggparenfreasingal 1€ ke dorimgd pla@hqlew cgols Mndey bR R a Water
s A0 G Sl R Bl o GO0 ey
forscmdmglto i wpindesgth lﬁodwtdttmgdmgﬂeass 25is used in sone

Cr anEhaEiee e pRiptale e of R bRt @R et PO 1 soms

enfbOdRALsGh a6 rdiase atth etie proghesipibitongdigictd if h@ngaem the
its properties. Lead glass, such as |ead crystal

foqqlpglglegprgﬁstomsmm%lch thef the shape of fapsparsat qaﬁ@g 310 complements
the ﬁgéeeﬁfftﬁg s vé?ﬁ %it\k‘}g% oﬁgﬁfé)rﬁ‘l fie dlg%&%dg%%ﬁg% wng 'E]ﬁckness of
thet tkﬂempabnt&asingB E& t Inisomke epfoofil@'rmtsea accasdance With dbc present

oGP R SrRung s LR il e NRaf S oE 2 i Y iiede Lo o
thibleal, @l s bBihidker, BBOmMMESE tlﬁlekemamﬂqf abhp thickinBss(betwbas 012@d 0.3 mm,

hi gh-qual ity Ienses but due tpo its radiQactivity ha
beeR W tRicradysjion 359%}%6&5&?(@%@?@%&@&% § ce of the

ménﬁf‘agﬁuﬁg%ﬁ&% &h bk %@anﬂﬁi@hé&ﬁ%mé Bf BtedSa v8. hﬁtcoﬁﬁﬁﬁxr Réhod is
infrare energ such as heat absorbin f||tersfor

thavishoias propass pheampragsianemelding tee head anie the teben I thispseerss, the

sk QL isga'lz&%& oh Q@an%gélo&lgﬁaﬁ&[ if’\gé‘fﬁéé?éa& Bopaatid Qh&QE uhbNder of
aa Ioni zi ng radi ati on). BV|ng one or

theniprad ioHount és thedady vf the subieswhile, at the same time, the thread is formed.
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WD 2008/ 060315PCT/ US2007/ 006615 used in sone

enbodi ments (0f the present application t(’é make a

transparent casing 310. Conmon exanpl es of gl ass
wormtsasoab | ncl ude, but is not limted to, PCT/US2007/066615
Thed sieeive ssthén plated, ononarsird] iaoditrensfereg.dowRye the, shupupidayp station.

Si.max Lchroic, .qge ni.um / m conduct or | ass
IR R el S Bl SS4 BB R LSttt rEs T onto the
méldattieae Ak dfs poist ldHeerafit, AR SGleWf ARSshoRi@Bthe thread and the
fluoride glass and a transparent casing 310 can be

orifigd arconoldag aighe entbefdhegeqve; dhe headrs heneodedh semenedfiom the
) DO . FArS
R HISRELSLS T Eok =T D PR b n e

Ulieddiatks aeitaze fluad sxiengivalywprlthwidea ingeation moaildiiig efithe head to the

slegVFritoh a0 PEbpresyiBO fngriPort S OX Rirolsghfonhaf resin
m&eiH 0 @Rbp&f infhOfilold staion itdtebdor it hdt Bl \WiripbrRREO The

and various ot her el ements 10added. Borosilicate
tragspasenticasiegss With opgoprorendgracuiiplle foreneasing|selag ¢gllgmpgdiments

. tobri cati | o
B e TR ARG 27, BE 0001, Kb Sho 08 o
opeu sey bgwasd w.enConpalaec! tembudbtentl asiepicted G pigufesSadd 15.

e RO e o R DNl GO bl e
acdith§lafte kedesRAEDRI Yal0d Bie Gbalisy atRiefevbraliny djeedtiznl From here, the

environments, wthout the risk of breakage due to
ranpRATeRE Cag b 310 MaY;ge focdthe deraratingwperptiens , Inks for gigepress are

o BABEE T R A L St e
senés efirol&m.eThe plawrthéncmmes meontavinvith aguigher Blanket, pickingup the ink

an SR e oo b ok R BabaRiF slhell' e mstink on

thél Qibk i eurbCBy Ll- Wbl Tighobheag Tankk dnhidimamds #i adeordaite Svith the
means high quality surfaces_ can g’g mai nt ai ned en .
DIERSPERRPYCEIND STRSRHERRY, IS ERauBed In thatuge grodugts sq the color process is

urégééggrgahb%e%a@ﬁﬁlil%&ﬁoé B¢ bb Akedad ﬁ%fbl? 'YPrStedRE coating to the

orosilicate glass Is also nbre resistant to
tramgparédtwasingat®d cheni cal s than househol d soda |ine

gl ass_and nechani cal | tr [ r \

i et aetTaRE BByt BARRRIEE aefe s Rlnd fRhs IRt e
cabliy@pliod el R¥xQrRdss te custamersopacititaviong| Tlxkscapfiagatep iste

and borgc?iéLi cate glass are only given as exanples to
unnpgessary fardhg seare 8l s appicali®hect s of consi derati on

Whery B8 BladsmbBdiRhimeindd. GRRE isGAirfefred MARBREBILSRE for the
casi ng 310. 7 The precedi ng di scussion inposes no

tranisprirerdtcaging B H) refasive toplestiss beqauseaglpsisipeatides ettar yeptasproofing and

oyt SRR AT AR RSt i
lifeeme of theysokax C¢l) 402D Bimilgr th plaSticspglass) thay bk mhdedint, a transparent

casing 310 using the standard blow molding technologies. In addition, techniques such as

casting, extrusion, drawing, pressing, heat shrinking or other fabrication processes may
also be applied to manufacture suitable glass transparent casings 310 fo circumferentially
cover and/or encapsulate solar cells 402. Molding technologies, in particular
micromolding technologies for microfabrication, are discussed in greater detail in Madou,
Fundamentals of Microfabrication, Chapter 6, pp. 325-379, second edition, CRC Press,

New York, 2002; Polymer Engineering Principles: Properties, Processes, and Tests for
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germani um/ sem conductor, glass ceramc, silicate /
fused siliga, soda line, quartz, 30chalcogenide /
sul phi de, cereated glass and/or fluoride gl ass.
woRo@nsesas ent casi ng nade of plastic. |n sSoONerPCT/US2007/006615
DevignpHianenPeblishérs, NewYoga 891; asdbea §/ndarbrandingdidey &olding, first

clear_plasti¢c. Plastj.cs e. heaper er natd ve .t.0
oo e ayier Pfielips. Fufishs GRORE 200 i Wil nereby
in&drpbthRd Bh dfereR@Mercih asitd @Sisety.avor abl e opti cal

properties and does not prevent nol ecular water from

penetrating the transparent casing 310. The | ast

factor, 35kf t i fi . s 402
and severe yl'%}gﬁ’{:ee %‘ﬁ’e'ﬁ‘?“'f‘.gmi é?&%k%rcgﬁhgl y, WO
200 87roasp3AaPEIkINgSRAR 0 @065 1T sbme smbediewbidihoremtsparentmasing
ter ,resistant. | ayer. described in Secti,on }5%1 isd
31Gd3 adeolglane R HRYE forth B35S 2 TPBAFHE ra 1Y Sang.dard-
wékiBidg VgtihINeinkt ARRINAGIBFik al BAGAdEge MbriaBthBBeR beformed with very
plastic. Awde variety of materials can be used to

smpgkeand imperviqys sarfecee.a Shqpyesabapphration gantggplagse ide variety of
- . t. | M A . - »

o R M Mg i B e s i

septiinyediotiers afivdssh hierkkev tothoyeefiskilieinghe RGNt arts. Common glass
| fin, Dol L ene. (PP) .00l yethyl :

cobin o Bre Moy BBt ioidg sy B oS e shemise

coéEr@ElEa fouh# 8Y GRAEAGII i poBRBIsWITRE f6rhg sark alh@en glass is used in

FE(r), which is a derived fromthe pol ynerization
sogre eatbgimants ofibe presank pRRliSHtRE:IA 1akea ranspafenfgasing 310.

- . , % i y
HERRE Rl Bhnop(sY ISR (il e NRAR hL T i some
eribyogonénts, the\firopertiessofatomiromeglass are ngdifictly af ¢veblchanged entirely,

0 rei.al _sources of tramsparent tubing products
wfﬂhgggdépgn 3%#{%1- ?W?BP‘%%"&%‘*@%’SP‘ §§E‘f or obtaining or
CUStmiR STHELSA0S) Wab B heingPoind 85 #RUETI00CES andjcadbie. made into
Technol aogi es . for manufacturing, pl asti

I
slessBprgetishApPhradions tareramares BHCMMrEl s WhpBESpRaues gan be
addbd ) c%ﬁﬁn&rg%phs@go @ﬁﬁlgygifeaﬁés@ﬂng.l biie fV3hA glahﬁrd‘ ¢aP¥Bnate Na;CO3),

numer ous comnpani es. arch”on G obal Spec dat abase
orfpotash,cheequivabn gotassiwn cempoung| whish layisirnige melingsipint to about

T R0 A i 20 v
(clatua] ©9dq Tady e Sthirdesmplikit tanipandedso reskee 2Bslpbitital The
RS, S RSSO 21 IBPLEL o e g

is Gdah s@rﬁﬁ YinHEEn s P the Yr&khedppliQitio kP Mbkea transparent casing 310.
Pol yurethane tubing that is as thin as 0.4 mm_ Coast

W r Begides sastailime,andst commen glagsdas other maradiestsraddyd to change its

; : ; ) . .
PTG s Bind VORIl B it B SRR s 80 tre
intreawe nEfdcti S MAbABKGERs nolicedbly moediuedrkiests whilevabdon may be added

totcmxr?gléq}?g t crarg’al talr?cli Qlegt?'icgl'p%op%es, as in Pyrex. Adding barium also increases

the refractive index. Thorium oxide gives glass a high refractive index and low
dispersion, and was formerly used in producing high-quality lenses, but due to its
radioactivity has been replaced by lanthanum oxide in modern glasses. Large amounts of
iron are used in glass that absorbs infrared energy, such as heat absorbing filters for movie
projectors, while cerium(IV) oxide can be used for glass that absorbs UV wavelengths

(biologically damaging ionizing radiation). Glass having one or more of these additives is
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25 Parker Hannifin / Fluid Connectors / Parfl ex

Di vi si on (Ravenna, Chio) provides vinyl, plastic

polyurethahe pol yet her base, or polyuréthane based
woeb@asos asti ¢ tubing of 0.8 nun or 1 mm thi pEIES®07/006615
us&l imi sope epiodimnestsid e mr:@dumpﬁcm;z taingke drarfspamut dasing 310.

Pne dyne, In Pl ynout h nespt.a). i.nt,- Gobai.n ...

i o B et of Ay maRtial el e ot it 1 B ositcate
botdsiiRaRf(e. 30 PTEOD{an, Sitik)) amafdi)@,l g6rinEanfiim Dse&ummudstor glass

t hi.ckness. Vindum 30_Engi neeri n% I nc. &San
Ce@avwsalcﬁﬁea{)fusaﬂ silicpsada H@g, PREZ ChPeygenide Mphl%@e@ﬁted glass,

t

and ot gl & kARG Arenb EAHS 11 B B o %of ahBF these matcrils.

pl adt b@ne erbbodimpnts,dutcansparéra caday/ Oas matld: off glass kmterinl mich as

1 hi . '
bogRieale glovk Lot piie B hordlibls et g, BN abeiRdiieed, o
Pytax®.(Comiy] Dean® (Raott Grassl am Sistak® (Kwahag pnce@hts:st glasses, the
thin as 0.5 mm C eartec Packagin Lo
dominan eempongrt of barasilicpts glass xspﬁz@mtﬁ heroyl %H@?%‘é piheeelements

o IR Skl P IF i Such {Tharthaking

fabricatioroless wotip aMiatesiabenst for borfositivale glasd isalso censidgrably less than
l.astic Qr gl a t ubi W th gustom,zed specification
@At CrmiralR hos e, Hiel P88 B iR @ b Tow
co&ﬁ%&hﬂoﬂ%kﬁﬂldnﬂﬁuee(tﬁﬂd:ﬂb!slMﬁodﬁiﬂ&@&);s Tiieakes borosilicate
Enterprises, Inc, (Victor

k)., b .
gla(swmldﬁ thew@&aﬁg?weﬂw%@w %gﬂé?f) b&eagﬁé)erﬁqelé& fheﬁa%ﬁhock-
LibeWdd %E&e%yass EN L Egﬁl:s’%rég.n BoiRklo HaRereldBh O ?rlé\k 841 optical

(Litchfield nmpshire), Precision Extrusion,
quality sh@@sbenwhr:@tc gbss m/vammqf thigkngssHgim lgsethaad s tol ¥er 30mm
exa r r into
thlf:l? gls \’r/ee%tquarg% Ibﬁrgossaxlcgte eg %r g% olg%oé d Iéla%%ldlélr(])n borosxhcate
gla35 haqaitifuielviedficagion haos ﬂﬁlcﬁlﬁg anddkﬂmi:gnc&kﬁ:ga fi‘ﬁlsaneans high

10sol gr cell, 402 are elimn order
qualify spdaces Fahe maigiained yheg m éz g Rt SI4RpiRe. bﬂrqsa\i!@ate glass is
thdtn&fi§ Qttablﬁfﬁplté §@J°LIBr cnbiBhiGusiuSe. n@orﬁﬁhéﬁt@@ﬁ%?&ls& hfre resistant

I nsid a transparent casing 310 and the outer

to nan-fluofinatddechemicals ther housgiwld sadadimesglaspbrdingehanically stronger
B a i 0

anf faber shll 3 SR has? BolddiBluel 84l égggoseg%gg% Bifledlfitlyd

expatsmethxamsa&g/gmagldsm sonme enbodl ments” a filler |ayer

330 be el |m nated such that .t he sol ar, 15¢ 402
o SO e g hbieSTte elESATe S eitoh s Spepley iisuate the

valiBusSRPR LML aRBkch wﬁerpﬁls%{ ARAGAEH HbAAENARRRparent
casi ng 310, nade of either ass or plastics or other

caging 8 Hb| qunrmmrcb?wssm lémoa¢s norlugitabien tostbg seape ehtgs e

r t
bR RBAR R e AR CHIREL D O of ?‘*g?éxﬁ%asé‘ RS for
exélﬂpiéeqjumirmsmxaﬁﬂiomsﬂumdx@@l rPerax& Dﬁram Sim adxehrbzc

casi.ng ,310. t vi des 20pr.oper, .en sula ion to
el DY SFEBRClR O e SURE! SHOY FIRE e B, oz,
ch8lcofenideQ sulbhidedbrekted glass and/Bofludde @Ydst. ndr i Cal shaped

sol ar cells 402, |nd|V|duaIIé encased by transparent

a CASPRGATEROCASIg Nerdenl #laite o spre smbedigientsethp transparent casing
3 I@?Tix%g@é 6iec?ea9£%aﬁﬁw BhaRe ai%rb%héép%? altérﬁht@@ WPglass. Howevero plastic

ment s assenbl g can facial "arrays
myteia] iy o gﬂ:)lqralﬂes sableunder Irgal

not prevent molecular water from penetrating the transparent casing 310. The last factor,

at, }@@@ss favorable optical properties and does

if not rectified, damages solar cells 402 and severely reduces their lifetime. Accordingly,
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25 (Figure 8), 900 (Figure 9), or 1000 (Figure 10).
There is ng linmt to the nunber of sol@ar cells 402 in
this plurakity (e.g., 10 or more, 100 nore, 1000
woaovosmesxds 10, 000 or nore, between 5,000 and BOHUS2007/006615
inisdhe emhodioieats, the Wagr @ﬁtanelager)descnbed in Sdctier Hatli isaisgd to

b O S R S A A G S mace o
platicays, solar cells 402 may al so be 30 encapsul ated

as arrays. For exanple, as depicted in Figure 7C,

mul tA pide varigyns maartalsccas be gged?fﬁynaﬂsea franpREESt ¢asiag 348,
in%l#%iﬁg i B&ylﬁmte-ﬁqg re%ﬂé%%n 1'a tcjiteg ng%emﬁ% fkogi {lu%rocarbon

arent casi n' F'y "as

(PFA),E-ygmr/qaov&@nﬁ@, oross-ifkedpolsatiylent GEEX; poigolefin, 5O0Qrapylene

PY Rty tvisne et eyesl (PETEN polskctegRareReRnd HITE ) |

thérob ki @po /AR |(ﬁ£~ e, BTFH®) viedhap 8 abeetdFRindthecel | s
402 35(for exanpl e 40 |n Figure 4A) into all or a

b@mrlzéhorwf afippdenerand dqtamfluproc@xioneid N@ magamexgp polyurethane

e R I MR e BV Tye g .

andh}txmn@r ansparent casings In sone enbodinents in

accordance with the present application, a solar cell

402 5 having a filler layer coated thereon is

asseshl £ Avaflable chipiteEal Dakces 36 iragspatent thBingGroducts

enbodi nents in accordance wth the, present

applTherare ampleigemmergial sopegoior gbigingng A3 cpgem W@faswnng a

f
o f L PRERAASEICD: mBh R lod Y WA Ol bave been

stamﬂgnsllzced lanpewst@aizedplasic qrngmssplbmgmte cxmnmrcltally/ evaﬂabvle from

oS ooigefee ok NS FRATER. o o

mﬂhgsﬁﬂﬁebaﬁﬁiet Sﬁéﬂgﬁféenﬁg’lre%lﬁmgm gi@ba’ﬁpee ebth; BBalSpec Inc.
ional filler l'ayer 330, and a transparent casi rrﬁ%ke

Trgx,d\ltav & og9srsrtlisd ovigri 95§ catalogPredits) Sxar HY sempapigs

t r
SRR Bk B 4 800 TP AR AR o,
Imxe(Cmcnraiatl, Okioy paivids lewnar@hmte 2OBstic\Blwrethane tubigg that is as

o L bVl 1S o BB s

cohipélRRsive Nhe SBRlRGnydiione ﬂhﬁbrﬁbeamai' mund phstii thbiag peodged under

s Wac ker Si | e r Che
thé;ga ' R}‘(%?‘ By prpdes 5oy 2ol fichpaies i a5 03 mm,
'ﬁdnﬁﬂ‘nc/lfrlﬁlﬂ GoncYord / Bhukle DisibN ﬁ@.ﬁr@nﬁah @‘hlo) provides vinyl,

VU cani zes at roomtenperature to a soft silicone

plaggic poSwrdthang el yrther @mapt polpirethpne osrtkcleps plastic tubing of 0.8 mm

o S R53  E SBI SR P e

P()\ﬂ&ﬂkle,rMﬁhemtae GhiinHGonn High-Pforfeanceaviyieriald k) further
El astosil ( 01 §s,a pourable ddi ti curing,
pryigesa ng ¢f, é)&r}lgvg;oab%’eng% \atsrf?frﬂ)g@ g i, @Mﬁ%z thdu
Eﬁgiﬁéeﬁﬁg Yic.394h REmER, mlﬁﬁﬂﬁ? aldo ﬁf@ﬂvﬁl@yaeér HPADTéftbn tube of 0.8 mm
bet weeng ass and organic linear ynmers. As shown

injthiclmegs r Newage Iffdustﬁéfrs éﬂ%ﬁ‘-@“ﬂtﬁﬂmt% BQH@}’IV@HF);/W@Y(I%G&W clear

I
ro@f 91%&(0 §1HE ?fddgﬁ% %%@n&gﬂ lsl’{lJ ﬁgtoﬁt? i 34 &q}dﬁlﬁQ "’h&apartlcular,
Vitak Extrasign (Aebhl Missutiyla dipbienyf Sindaic & Rash;, &wi, rprcvndes clear

T MERT DR

a disein GIMOCRPTat.) yhanufactiuve clexy@end alasticstubing as fhﬁxi a3 mm.
by organic groups a very flexible Iinear polymer
(D-type Si) is obtained. The | ast structure shown
(Mtype Si) has three oxygen 8t oms repl aced by R
groups, resulting in an end cap structure. Because
t he backbone chain flexibility is increasing as R
groups are added, the nodulus of the materials and 30
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35fill the space bet ween sol ar cell 402 and the
transparent,casing 310. WO
2008/ 060315%%3T/ US2007/ 006615 In sene

woebiz@dizients i n accordance with the present pCT/US2067/006615
applin additien) ,nuﬁhercﬁh Odirgpdnmsl csiohlanufhﬁhn‘e ol@Proufid plastic or glass

MO N CENIET e TR —

Eiéété P'l%'ksr ME @3615’0er:19 U fadd)] E?}eﬂ_ Eﬁte?ﬂrf%@ss P! BViEto, @*?dvf‘gork) Grob,
de of t ranspar ent aSS (g astics or other

Ints mﬁtﬁbnewmwn)aMemes Glasl@p&osmm oitmawn lew2goey), New England
o R b P B PTG e e

Fall, oigayork) sad PSI Cedthantf dné. SAustan Texaayed i nto t he

transparent casing 310. Pressure force is applied at
filler material surface 2006 to put the filler

material UPYAr fied Qi ALk YntoithdnshHRn LA

ﬁ%sbetween
solar cell 402 and the transparent casing 31 In yet
ot hém thermnessntepplication, gape or spasrsdetwaeh attiaaspgrenteasing 310 and a

l.
BB 4 M 50k il 80 S o
thdiSrest@t fydicpion; thedig nd Nbﬁ&)eivmdlt]ﬁgmﬁéé alll ofig praresparent dasing

310 PRt i e o545 SO 561 1425 150 REPOLTRDS 4 8- Figure 38,2

ﬁlE@Ia‘gE:‘ Hois bﬁ)vﬁﬁa@'t@%aﬁi sAlitQcR 'ﬁﬁlta@@%onﬁad‘}&ﬁé SipdSikre to water or
containing filler material (e, i 1icone

oxygdn) Injseme s@aoqhmeptswa filles layer T»lﬂma:a?whrwa@téd pugh thatthe solar

whil e sol ar cell
ool PARAY AN AR R AR B 8. 1 T S pir o
casilngordd Bmbddimefiis) d @isiomtesignat uaimrenscabmg 3¢0.poagead cither
into the transparent caS|n 310 f

glasg prelastics OF qiherifedls Granspare W@teflP"aH@ be gfﬁdqg 5@4%%%&8

coﬁ‘éﬂroné’ﬂﬁ RfvagRAAS of ’solhh&llfélOb't@ ﬁcHiWleghﬁﬁttlhﬁ aiid better protection.
bei'ng poured down the side of the transparent casi ng
C5

Figre 1 fdopictd exerhplpry anzhodimentsoofiageansparent sasing310 that provi
prétie FRcd ARG RALLES Sl SBodtminid bALRIEAF LIS 3,879, 10, 1

an op iona ayer 1n
antirlansparent casings In some enbodi nents in accordance

s bR E 4V s et o 485 i bty Saapt ypansparent a

caklﬁé’ 810 Db dstertbledineRALH OB Bﬁsémbhéb&)f@ﬁ klige dddsiv@in some
difectly contact the solar cell 402, %EstJ ﬁackl n

emhediment fi: assemmblx capbsshifasial amays 498 £Figws /08 (Riuts %a 800

9,00 DS UL, Rk S b o

cetieh0? innthis pRaalig€a gy, 1 ® edmbre, 1 ¢) er rserct 1096 oc merd>d0.08@ dr more,
W th sqlar cells 402.t re encased with a

bW?@égh%ﬁgpngﬁﬁlon solar cel—‘égﬁﬁ §2‘Henk Loadi ng. In sone
enmbogigiRitvely, iiRal bERERaERBbsutAc indivailally sndkeéd being

sl ui nked onto the solar cell 402. The hg shrin
asprm Hegtogathenfor pxample Wig plApArBEFRYS, Slasedls @b@ﬂﬂal@? &s

e E{ Fd%gratgqgraﬁsasfb&%%ﬂéig asIehicRU M Plghre 7€ Rt B1E KRRt

casings may be manufactured as fused arrays. There is no limit to the number of
transparent casings 310 in the assembly as depicted in Figure 7C (e.g., 10 or more, 100 or
more, 1000 or more, 10,000 or more, between 5,000 and one million transparent casings
310, etc.). A solar cell assembly is further completed by loading elongated solar cells 402

(for example 402 in Figure 4A) into all or a portion of the transparent casing 310 in the
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pol yol efin, fluoropolyner (PVC, FEP, PTFE, Kynar(r)
PVDF), chl gri nated pol yol efin (Neopreng) and highly
fl exi bl e el~astoner (Viton0) heat-shrinkabl e tubing

wonRBtobR1sised to formtransparent casing 310.pATOSM007/006615

aravofcayaifgeri al s, fl uoropol yners offer increased
lubricity for easy sliding, and | ow noisture
absorption for enhanced di mensional stability. 35At

| eagts i rlﬁ?e@ra?tiﬂgknmlc%fﬂ ﬁiﬁn?ﬁ ﬁli@l‘)ﬁg&’ iatPdrhisparent casings
aval | abl e: "PTFE (pol ytetrafT uoroethyl ene), WO
20081 sBu3aBPgine ¥SH0GrrPens Ve hrtErpreseny apnlisatiey a solar cell 402

Dyl 0 ' ' .
A TR ) P ) g 210, 10
entbe dimesibyrin akabdmcp Witk ithecpreseht applicatioayvibe filled leyer 330 samprises
ong gplggl d]%f’o]Pt > ’rg})(?rgﬁggt? %:ﬂe%tg{cip %gﬁ%ﬁiﬁ&@f@%@%rﬁ@ng eh'gct, water
pr&dRe U hysitd) rdi&dfon DP frﬁr%?ar"eﬁttdoﬁd&ftivé Rgert 4121 dTGolar cell 402
Material is smaller than 2:1, for exanple, -
dugng geseinblytad golar ¢}l wite- propyl ene (FEP) at 1.3:1. In

th . _ . : | able §
o5 P PR s ARG Rl e
sohavd! 4(Rabptidnal filkerrlagter 33 @ radit éansph@nt sibg 310 peasseatbled using

o SRAABPAPE TP &1 ST RHE 2DRsih GouSg Mg o 0: made of

traﬁ%j_’a?éﬁf'&l%@ Blaktids| of oflics RGBSR ridiérnl lif Seaedl sbn@id] 2009 2Makerials
10i nj ection nolding. A nore detailed description of
that jaee ysed iofar dillar laserdA0; fos exanenie.sisowe galyis ppiersdinto the sealed

[ t | | J _
R ERRE BRI, 6, S8Rl 59 RO BT B 0814 (i
ChetipGadH, dhumidle Geahiny).s Waicka SilGel® 61 2risch ponrables additigr-curing,
|1s 402. Pl asti

R sieper pob@uaricanieat e LR SR L R0 HLFTE b

anBBEPHaMpNRI R lidoRE gélfiewgaru@tdﬂidoheemm&ﬂ @ovoComingp! Afother
cel | 5 is_ 15t here

402, it . ore._inportant to mak e )
exaigplgrof 8 ilicompge! i Wiagkes ﬁﬂ%ﬁ%ll@&%é (W Chemi Gt Pmbipish
GHEED. B AR PiakbAGRAT RY pok DI AR R, KPS diflcone ubber.
Redaving imBigedetXesilicéres sa by capsidered @ Mnodecutar hn@ﬁhg@wcen glass and

casing 310 with one or.nmpre |Lay e
orgiveEEy et ke Fhy BRGeR B0 X aBEE Ty oxveen
theshedireRihcrgatlotilich PRssS@hld 20@1typeBiR 1bak ddygen is substituted

transparent casi nE 310 are coated with_ one or re

wiftsgreR grppde-gemethih st ehenyhetlel 2 1808 siksrauiekaei AgyResD)
mdt&if %g'qec?. Igﬁg{s gl‘l'fsteg%g@eg hieSndrk MBxiBle thd}ahs ©)-Bpe fletials.

unit 3 ments, an optional =~
Finallyj iféwb exydonatansare nepldsd by srganis@reiips posedlaxible Hecar

ran reng..casi.n t l.d I .
oA BERE S SR By RSB s e e
atdi0d PRESIBY R @oups/resultitg prnedi oendtuictuid) eBalrtherdckbone
402 is.dipped in a |jquid-like, suspensjon resin
chginea il GLIORTRSIE £ B SepPE arecdoal Jemepulis the gerials and
th@PESUrrdibhtE 6f 1Rt ckpARPDAACER] alsPeHange. JhQoib eAMEinRnts of the
pol ynmeri zation process. In . -
present application the silicone used to form filler layer is a' Q-type silicone, a
silsequioxane, a D-type silicon, or an M-type silicon. The elongated solar cell 402 is then
loaded into a transparent casing 310. Optional suction force may be applied at the open
end 2004 of the transparent casing 310 to draw the filler material upwards to completely

fill the space between solar cell 402 and the transparent casing 310,
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such enbodi nents, materials used to formthe

transparent” casing 310 conprise sili coge

pol y-di met hyl sil oxane (PDMS), silicone gel, epoxy,
woadikdsds, or any conbination or variation tPeresfor/o06615

305.14 sem©pmbodimeats din admerdanal wih ﬁnperdsc:r& spmicatitre an elongated

BB LT, 5 S AVPRSHRD GFRLIT A e Bt i e

prédﬁﬁl‘éﬂod@ﬁng&ﬁbtﬁbd ﬂm@m&a PIFig@8 R0BATRE troithsreRasing 91 Bmade of
cell 402 (for exanp tagtlonal filler_ layer 330 or a
trangpareh a}aésa Plashes (ﬁ@ﬂ@i syitaglsanaterialds d@a%mﬁmﬁw 2008

co%%ﬁu?é %1%551' fAfer ¢ Hﬁﬂeﬁ&l’t% gr AHHcotd 21 Bﬁéhofﬁglﬁgxz 8{>t‘fi’<¥nal filler

ere are étors to
Iax;pBBfi}n Eion@tecbmlm‘cbll éDé mthierolbaded|into thefrdnspatOit casﬂng 2.
ificant

PrStSHR btSE SarBla tid s Hietsciab Tutel 2006 e Bt b, il mgtprigl ypwards

to C@hpleteDNfill ChesPhe¥ betddn sB1aO CRICA02QMd the transparent casing 310
Transparency. In order to establjsh maxi m zed | nput

i nt dn &eh %her@mbpd%xa@p%dqna?mth the mgesentapplication, an elongated
soBf BICARI AL Ohydr 436 rentatgﬁﬁ’l Bid %ﬁnﬂl%ﬁ%sm(%;ﬁ pour-

I nci dent "radiation yany ayer OtSI a so
and@ﬁdfslmadmg mﬁlod\dnpntm io Figura20. 24 transpaiest ¢a|smg§rb&,rmm)of

gt LR Pl s SThef Sl kA s S RO PR Dbp o
coﬂtbﬁxeﬁﬁo@b@ftaxﬁﬁ:@fﬂleﬁﬁ@ternhrﬁe@g Riticahe gdlH & dséditaﬁmaf thatfiller layer

casing 310 and opti onal r l.ayer 330 shoul d be a
material ifa thersealgd trapsparept gasing 3 ﬁ &%\?‘@Pl‘eﬁ’? 03 iprgltanegus sy stid

mt‘Bthé s nﬁ%g;‘fﬁ%ﬂ%@i@r Thé*ﬁﬁér'n%r%@mbf %Elg@?@ﬁ%@m wen

he se r junction 410 is base .
traurazaeemt shssng i isopnthi epace hw:tsrpar snlar cgléé%glctatm@tramarent casing

pt,i .0 i.ler.lawer 330 ul. d betr
1P i hecpletye AE e 168 oA e BRRRAL Sk of B
traHlsﬁaE‘e’i}Y &gt 3 d;ﬁbwkiei Iibrié¥fiyin fefailitatd the Skdb-loadia@ prieessct
a layer outside solar cell 402 should be chemcally

stable and, in particular, stable upon exposure to

'Sg %(ﬂrl]ge?l'ﬂﬂlg M&eﬂpmﬁhfiﬁlb ionalfillerTB{ & ih& transparent

becone | ess transparent upon exposur e.
Ordl nary gl ass part| al |y blasiwgs UVA (wavel engt hs 400

o P R S e i 10
assehitdel ormd a gblasc:!l 402usitdmiut ¥ fitlerdayen 33@1d1ntsum_esmb(ﬂingents the
S IEL DL 3, TSR LS 10 g

soft 89F4(ARay 508 evkd %y %@iﬁ% R Sifle Molvir®) Metwds It will be
protective. In such i ments, because the

applreamaéah@ ithe matbpdﬂgfos apepbling alsndarcehpnié 800 geseribastin dhis section

oo RE Tt nEBlsIR ang N o AN MOX MERhGDTRN ©

red LffeezdShrFr'rda“ Lmdaigpl B, soméAmbgiBpenisPilie (rangialemanegsing 310 is heat

ShRESBD 1 Sbigk SAILACRT | etk BEoqHN oF Aeed 1 form both plastic

anll gfh@§ﬁ§{As?§Fen€@§i|n§Q3 0L OrdrexavBgle, &Et—éﬁ\ﬁnﬁi&& prakticMBbing made of
["ass ternatlvelé» in sonme enbodi nents, where the

pofyoliy Arerpolymsr (Y GIRER, ETREIEYRr® i) ehlprnagd mlyoieﬁn
(NWpr@ﬁéa Bk highty fibIE SIS el BY ItJfl@)%g&%ﬁgkable tubing may be used to

form transparent casing 310. Among such materials, fluoropolymers offer increased
lubricity for easy sliding, and low moisture absorption for enhanced dimensional stability.

At least three such materials are commercially available: PTFE (polytetrafluoroethylene),
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25Pl astic materials that are sensitive to W
radi ati on are not used as the transpar e\”?t_ casi ng 310
i n sone enbodi nents because yel |l owi ng of- the materi al
woassb/oeis1opt i onal filler |ayer 330 bl ocks radpat/iusr#a7/006615
FEm@lmbnnmcbethjfienesmbperm lahé PYOF (asigvingiiene fubrids, tradename

KB g S P Rk ERp O DR e (R sbodiments,

th§ﬁ’éa@§hrﬁﬁ‘<|th§ }_é%vaﬂ'&ﬁﬂe ﬁ’%@bﬁxdaﬁlb tfee{geeptyma Ith L‘(ﬁne
ETFE, and neon) are 30 UV stable and hig

emmdmm drethea nnb ravemﬂtlse tubing spéariehis smpligr th@tZ I8 f)c;r example,

LEOI 0
tRoed sl pedly RO B L TA 0 PP PG R Pt
tubifg nmmbreefbsmefmatnefabasfé ofthoehisphreneasing 310 may have heat shrink
ropyl ene and V|nyI|dene fluorlde In

hexaf | u&r 0
ratigygreptepihan Sdf yvinyl chloride ("PVC' or "vinyl"), one
of tfhﬁcﬁﬂ?ﬁhoﬁﬁg@ BorsW b Medrsfart®c@ling| By soimt eAlbd@iments, the
sensitive to exposure. t hods have been develog
trangpares desing 310 Bake cizuntferentiadly disposed oporthesolar cell 402 by

B b, Aol BB BB B e

Inyledsé embasrgnmml the aalin oelfs 692 ﬂﬁ‘a@o@nmdmthemréfbnn&doumldmnér

relative. s termus ar e. bet
SRy ot s 6P OF RV BREE B el R & tp outer
suFfQ@e &Qbhﬁf'@&ls s k bl%@ﬁ‘c mbfeﬁﬁl%@@nmbﬁble&!ly seal MbRBLIGr water from
ol ymer backbone is forned by 1ess reactive

sotah @@Hsé@lz eANse water fiterfeges witnthe éinwﬂoraﬂ%@rmlar@pll 40% itise
th&gg% rrga%pt?.ntvl’g %ﬁlrk(% %%SS% A 81:1}’5@2" dreggﬁgmg ater Sif tg}é l@{ﬁ%cﬂ)ﬁems
w@fre plhﬁlcrt’ﬁtnelﬁarait c@sin:gsrﬁO&Ee 1a;ed asedver woiar k‘hﬂsc@Zaih}GZled

bre of t.he 0 Simlarl
SR UL RCSTE PRGBS A LA: o et ogpne or
mébre WVers FPtRAAEpaRit Wafke-resistanp 8d4raa 30O (FAf8e 0 € MnREme embodiments,
stabilized a ainst U for up.to 10 years QD exposure

bogy the eolgr ¢ebist02iand diecrmnspareny casing lébare aqatesl Wit oaQr more 1ayers

ofa n%ﬁﬁ{a}én? SvateRed Skt e&%dng 3hb %Jéﬁerﬁalme Achidial ﬁﬁqgﬁ@mﬂa solar
the surface o transparent casi ng

cePanit 300. Idmherremhtbdnnedh‘e amopjiomabammﬂeehtes@aasg 13D iphlsb e

f f ted
cispSee] T gt P b BERM R solif ¥ R RP&FS par en
casiguid CQatikd F SR dBVFUIMRRESox. 'n 86160 EifBSdiReids tthe solar cell
t he present acgl ication, the refracted beam L3

40diis @@Pwmm liid-Hkgaspansiop of st A spesenuspdly cApgseqfo catalyst or
cuﬁﬁ%%esr}% gg@gﬁﬂttﬁ@@eﬂsﬁaér&h ook V%@l@m}éugﬂ @ Tpofy‘n{eérrﬁﬁtg/@f@éess In
suclserpb@hmnmts, raateddpumdéd form the tramsparpnt cagigg Rl § somprése silicone,

o555 B ikl 9455 5 A0S pinone

varibtiovetgetsbn LI hit the surface of the transparent
casing 310, with sonme of L3 reflected into filler
| ayer 330 and sone of L3 refracted by filler |ayer
$8Q.opflalafd BREmicM propbiiies 8F tmateﬁslsmb@for&amgaam@ casing
reflection at the outer surface of the transparent
casing 310 is mni mlzb@euoptlgeﬂé“ﬂbn!aysr ment s.
Ant i
350 ih %Heﬁ ‘E&C fgﬁ%pﬁgﬁ A, s@h} Hﬁ{au 8 g¥ %ﬁg@@%xgené §bl&cell 402
(faeabtmpig, Gptdpainfiller Beyen i) oredromspdrére casings @ siafuld hat adversely

ra ar ent c sing 310...1n sonme enbadinent s i
atleh B Bripgtier GETEGHR TGS WEE S ROrd Pert s lte facors to
constaadh Fphiingzing Mk Sffioidncy of s@atdelle40N A fovgsighifisantRaoroivill be
silicon nitrate or titaniumnitrate. In other
enbodi nents, this antireflective coating is nade of
one or nore layers of silic nmonoxi de (Si0). For
exanpl e, shiny silicon can act as a mrror and
reflects nore than thirty percent of the |ight that
shines on it. A single |layer of Si O reduces surface
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30antireflective materials, in particular, one which

prevents back reflection fromthe surface of or |ower

|l ayers in the sem conductor device and etimnates the
WO0mding waves and refl ective notchi ng due RGI/UIRADHEE61S
disspssed & dqweibinerlptienstoghlar oeleprofiegfions on the wafer and

t he -phot
L ABRBAREER Rkl Auud) BRI 5 st
la)'io\eg g@g p@ke&h}ileﬁldbytof %fneui@fmm) k@ ption (g Sthet mcldéﬁt :rﬁcﬁitjbél by any
It]ona antir ect.lLve ¢ I N m asan
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008/ 0603 15PCT/ US2007 1006615 6 B35 58 % 00%:

seramn@cm:;umn 4 ohsoldr ol 402. ila gbr@raébixe trmﬁparpmcasleg 310 and

opfind BIEEENE 3D ShEIE e By e b Bl g T NS gbsorbed
bylke éetitanidactot anciodhun®. Tef baiphs whesl tlﬁtsemftondﬁ'tﬁm lj@rdtion 410 is
TYTNCE O T —
shélgl e S adamnes ﬁghpmth@ﬁ% bl 16 RikdDlhed S

redire owninto t where it has anot her
ch arwevawgleb&taéﬂbgo rzbeunatwmletscchio candrugea lagetwutsigde solar cell 402

sh&rlg %2 nﬂ%m@ﬁl ? grﬁif k 1 b%%b% g&% &J&H‘t% W rinYat%n

ques ar
M@he Spéoﬁﬁ@dy; suchmiatesial! ﬁtoatdaﬁ)t Baiomtlesﬂumb@a&nﬁuﬁbﬁm 8fposure.

004, 722 d 6, h of whi
Or W&’a’r%ﬁsﬁé’ﬁ’é”gHWmFéf BV sargneion's o svaned Pé%“y blocks
U‘F@%ﬁ@WB’ﬁve@El@H&hﬁ iofer tHAA 3d@|am§t ¢ UV Hfé&mgeef?e& offAdsk is

i nci dent beam Ll is refracted as refracted beam
uswély due e srditiveanmig-tsedivim earboaptecintglash Inrreme erbodisams, additives

. { - | i t - i
o e O3 e o 5 OBl SR
prcﬁaﬁivle $n J;LRWeﬁ'tbedlinfdntss bechﬁsk?tﬁestrm(sﬁdr):nt%aﬁﬁﬁ3 HI o 0idys complete
wher e n1agﬁ% re th iﬁ% |ve i,ndi ces .qf e two
pr%?‘f@arfr% s Tepedicis iRl Teaiamens o8 ﬁ?égi fitYithe
opBOEH ﬁll@lflajr&gBd@qu%d@réd Fheeanplee EVA, PR, FPUI (GRethane), silicones,
respecti vel In Figure 21, the first refraction

pomcmbee%e&a acsyhigsenn bpadaptadito fevare fillerdayay 23 OsthfTb‘hP air

I air
trahﬂ:g ar e#r!}sjclpl lggﬁ?%{’fﬁvfg%étm#% g %5%%%3% dpace eh as
errdodiafents; vhere thadmmspamEntasing B thisinsade € plastid thastial A rstpbility

all known ga%fg}rigﬁl S), which is nuch smaller than the
FeQUEMERE e 8¥%f gl ass material (ranging from1.4

t 0 P1BtivtdateriaRehs are @Rk veeagy rmtnﬁrolnalre bR Vikddiths the transparent
refractive indices around 1.5) aﬁastlc mat eri a

caging 3l (hia spmesyn O@Qaea&ﬁsf@cwsswllwnap 9§1aﬁﬁy@har§¥ﬂ|qpapnal filler
lafep 340 blocks radiation input into the solar cells 402 and reduces their efficiency. In

addition, cracking of the transparent casing 310 due to UV exposure permanently
damages solar cells 402, For example, fluoropolymers like ETFE, and THV (Dyneon) are
UV stable and highly transparent, while PET is transparent, but not sufficiently UV
stable. In some embodiments, the transparent casing 310 is made of fluoropolymer based
on monomers of tetrafluoroethylene, hexafluoropropylene and vinylidene fluoride. In
addition, polyvinyl chloride ("PVC" or "vinyl"), one of the most common synthetic
materials, is also sensitive to UV exposure. Methods have been developed to render PVC

UV- stabilized, but even UV stabilized PVC is typically not sufficiently durable (for
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1310 whether casing is fornmed by glass or plastic
material, the refractive angle 0310 is/25al ways nuch
smal l er than~the incident angle air, i~e:, the
woizngsiodens beam i s al ways bent towards sol ar BeI/US#02006615
examplet yélloswed mdtdnaakugmfﬂ’WéZ produns pall ecrtur owegirelgti@kbort term

resen 330, ,beam L3
s o a1 e ot S B SN ERTU G o
polyiferfbatittRhe.| B¥edHand AfdteriabiB dtable, wiRGGRY Silgert LACKHIRE is formed by
'aw and the preceding analysis, the refractive index

lessfreacine ehomieal gronps fe. gaiphaiicpr arcmlfﬂ@) i f|n Fiweg:tsheé hand when the
poRidbithoReis! BE G bytxg b ddfvd ]j%ro{étgltgggmﬁ k gEh‘ﬁapng of

t'ransparent casin so t ha
th¢ meicdehdccmasn t@umof UVatgayded bb@hﬂomm&hd doutthebedb.ar

sigfiatty,JVa pafl il o B Pals ol s IV tight. Other

oplib¥Pdré %ol?@irﬂéna@eedchn BOAatifizraghin® WeFbrapitb @0 years OD exposure)
processes. ractice, however, optional filler

or jagry igs @ﬂ@fqﬂél)’ Nistable)- o 1 uid-1i ke material (albeit

2008 tDR0 1 SEekr R IRST e MEllet oF AT REDL btom YPhiy th surace

of sl taansm&brltsad@3 ] (htRnrttdf ¢het madem zbem i, mﬂct@ed&ak(l,z vdyle the

be. achi.eve i bed pragtic
reB e e B e oS S PGP o 1 CIE A L fRtplgsproneh
thefiRRBAreAE cabihg 810.NRAtsBfe %&nbb&men&aﬁ abRtdaaed WiR tHelpk¥nt
close to those of the transparent casing 310, In sone

appligssanthntedtacied Peam by direotyhiis Hansprieal qandplive laygt 412 of solar
ceg lﬂgis gkg%f&g?g@tﬁl%mﬁle} ! &%ﬂ?%seﬁrgﬂkﬁéﬂn%\%ﬂ)& )%&AH ?Eer layer

c or other suitab mat er1 al’s
330 af praseni, \ae demdied esFi 1guna am dLﬂhlt's thdfwtemuafmzﬂ of the filder dayer 330,

Lye i nd
ey Po e PR aeaidh bl T BB 8 b\ hon Ly it dag sutace
of Bﬁ&tﬁw@;ﬁhrénté%u@g’@l(ﬂxﬁtﬁ s()the o@L3 refleyte s JilleH 1ags 3b@sndsome of
refractive index of 1.47). Flint glass materials wth
Lyyefractribyfillsn faver 310-| ead additive have refractive

| ndig 8RicPRINBEMIZE | g_?lﬁ%@lsola&ad&@mmeeh@wt& atﬁér%uféde%ﬁhe

have refractive | ndl ces 10between 1.46 and
trapspangit aasingndlilas manimizedtin setheemphopnts. aAetmﬁmvofa [coating, either

oper L
os BRI oS 30 oniS S Do, Nt N s itant il 340, may be
apﬁihefd aothe ogteidc gé ﬂﬂ?e.nspﬁmilt 6&2‘;@ 31®| ﬂﬂﬁcﬁﬁ&h ahbodﬁiﬂehmsj ﬁlﬁs
si Li cone-based adhe s and sea ts a e a hi . .
anfiredlpelive spatineds mgde P? Mg%? ‘h OP‘ﬁé’R“bPH ‘3&‘““’3 coating
is RhOSHE SROMhitPdte Qﬁﬁtﬁhnhﬁl ﬁlﬁ&b N otﬂ&%n{!foaﬁﬁdﬁ@sr X arftidstebEve
15310, optional filler layer 330, optional

coating is atade ef cwrlragre layes®{ silisen menexide (O} Bovexarapleyshiny

. i j f .
140y A L0900, BB 3SR v
it. pk emp ddayeinyf Biatedsens parface reflettipn Eduogt teh gerkérftcantliarsecond

of ] ar cel | nit 402, odi nent s,
sy €SI miGp e tedroio tens T REHRR. I SRBHE 0 1 o
anfiRAB I ReEndtERNS W@bﬁ'ﬂ&ul&@ﬁh&@hﬁﬁ@mvbﬂs Ba0KEc BETHOA fTdBINthS surface
an opti onal antireflective 350 and/or 20an opti ona

of pploaver faysisdr Hhtserinpnflporzieyicy pad élF'PE‘aWF gestappizg waves and

e e OENAE o YOl BRI Kro bl T Il Lol e EE yBF dnd the
phat_mdensﬁne filineare ldiseloogt undahteyl Satest %ﬁ!ﬁne Numtber 6, &&3 Elic whid is
helselbylircl:c%rljpeorgecli by rquregce%npen? in itd en%?eq‘y:" Additional antireflective coating

materials and methods are disclosed in United States Patent Nos. 6,689,535; 6,673,713;

54



enbodi nents, the filler layer 330 is fornmed by a
silicone g I such as a silicone-based adhesives or
seal ants. I'n sone enbodi nents, the filler |ayer 330

" woi2so0sfeesaed b%/‘bGE RTV 25615 Silicone. RTV 615PCHEUS2007/006615
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eal ants ane base gh silijcone elaétonerlc
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o Qa6 Q002 284 EBahradiaieh e isierebn oraist e torence
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wi t hout™ t he ‘need of nore than finger or

frope aig ﬁumh the tremspareahinsing 320 as Ls. r Aabient amhassa ra%@@vc index
cur co VES.

arit Sl TRr R S REREE 1R o PO SRR he

knbwnanbta‘tals)nwhlsh issraakh smaller then theatfeaouue mdgx of glass material
seaI | ows a Ernanen

h al
(rewseg 4100 udh 18 bR BLRed Sibesal hwa 18t eivg indisgs

I,
S e
n;,roswﬂd@l@éa Wesihdis %ﬁédgigtgras%r piaitn rﬁhtl:ﬂraﬂotﬁ@ rTbEw gk BNAs

cyanoacryla es based on a noisture or water curi ng

alwBshahsMalteythae td iaddtint angdad, ;. cagheimidenoiparn iy always bent
attached to the solar cell 402 wi thout affecting the

- toysrdp selan @il @b driravels Sroualy the trarsppisntagsing Fhér no- set

si | 'Iﬁ?{ﬁ %@g@é&f’aeﬁue@ eIS.’Sid HOIN LS 680t ﬁw@{e&r 1nc1dent beam
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n atly i
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enbodi nent accordance with the resent
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25epoxy or acrylic material may be applied directly
over solar(cell 402 to formthe transpﬁrent casi ng
310 directly. In such enbodi ments, care—-is taken to

wOoenssces1s hat the non(}\&’lt ass transparent casi nBCBUS200F006615

sugh that lbgding pEsplati aehs 42d iato the rnspamat casidg 310 may be achieved as
[.F cty] 0 r
BB ) L BRI S VB S Ph O By by chosing

1150 maegial thashas refadtiat imex cléscioaliase bethk sfahspatent ERihg 310. In
stran par ent caS| 310. an lrrpt| onal fill er 330

| a
%aw% Ssthat@%rr AISPATen; Grsing 35 P gpm ‘Sr“r‘ teggpparent

maamg (TRBL Hass@r PORGWIGLdiNS sﬁi@éb‘&fmﬁl:nd@ wiaﬁéfrfa&ﬁe%d&es around
ei ther the transParent casing 310 or 'the optional
L

1. 5 i Fq>reqxalina3¢eﬁls®t3$) ca glass has a refracmmwiﬁx(ﬂf 1¥$q BRoresttigate glass
mate agg 8{,’% fle%n\ﬁ\%grg cegfbet%‘%graquz 8;1 ? ﬁwgu@%iags has a

refracaﬂ@ fxedee of 1 4% i Flgnt %ﬂa@s mowtials vmhtvaﬁml anfdubntserf dad wdditive have

reg%{ya WJé ggﬁ%@gn /SBaS 3\?&]7{ 6%12;3]338:2@%@3; H%/etrgfractive indices

beﬁjv.gg,;r]a;(;’%ﬁdlsg r, is the radius of solar cell
402, assum ng that sem conductor junction 410 is a

5t hiExefripiary matecieisorith the appropriat¢ eptickprepatiessfonforming filler layer
r n
SRR plif e b bAIERRL AN PORE) Wicthd s8Rl and
acryictiweriabl Baciube/ ﬁhécméd)as@l(fj a/dhéwveﬁ ahdscatants Hlaa?elhll ghfdetree of
transpare asin nd/ or the tlQna I
X&S}gwptgﬁbpa‘ﬂig‘eﬁmﬂ@g@g oRREXY Ph@“f Tesins-j The tqua@e%f:asmg
3 I'GanQlLﬁlle@ %{yeﬂkio ogtfioﬂah ﬁlt!?@ﬂe%ﬁb@lla&r%ﬁ Ght WafE?J&%lsHB@ layer

t ransparent casing /or the opti onal fill
B‘HOagleany@g@bu@n@zbﬁWOi fgm mﬁqbageutw n@g&mléfamdeﬁ@a@rw}ar sell 402

5SS PSRRI 1 k1T et

t hi dkress eiﬁlbodﬁri’eatspgiam platicoepoay ot ieylic @bia pmydmtused to form
GBS AP S BN b g Y BhaRis A nd
anCopSibidl water resistant coating 340 are circumferentially disposed on the transparent
casing 310. In some such embodiments, the filler layer 330 is formed by softer and more
flexible optically suitable material such as silicone gel. For example, in some
embodiments, the filler layer 330 is formed by a silicone gel such as a silicone-based
adhesives or sealants. In some embodiments, the filler layer 330 is formed by GE RTV
615 Silicone. RTV 615 is an optically clear, two-part flowable silicone product that
requires $S4120 as primer for polymerization, (RTV6135-1P), both available from General
Electric (Fairfield, Connecticut). Silicone-based adhesives or sealants are based on tough
silicone elastomeric technology. The characteristies of silicone-based matenals, such as
adhesives and sealants, are controlled by three factors: resin mixing ratio, potting life and
curing conditions.

Advantageously, silicone adhesives have a high degree of flexibility and very high
temperature resistance (up to 600°F). Silicone-based adhesives and sealants have a high
degree of flexibility. Silicone-based adhesives and sealants are available in a2 number of
technologies (or cure systems). These technologies include pressure sensitive, radiation

cured, moisture cured, thermo-set and room temperature vulcanizing (RTV). In some
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In sone enbodi nents, the transparent casing 310 is
formed on an underlying |layer (e.g., ig fornmed on
transparent ~conductive |ayer 412, filler layer 330 or
woaosabensresi stant |ayer) by spin coating, dPEIUS2007/006615
end@dinmengs, thel siibhe-baged asulangs use asd-cogpordaciddition dplcagtiznSition

o R P S BTG R T5) Brifos VLR (oSl Sfoueh”
reeq:%t)ﬁ wlith o1 aAaK theFdﬁr‘QﬁrﬁW(ﬁf i@ furMs Gk Qﬁ@ggcﬁx%ﬂh&'?/apors

Chapter- 3, pp. 159-161, second edition Press
dufggewdrg, 2002, which is hereby i ncor por at ed by

"o SH0GE SRS Nlcnd AheBOLI LB 1o SRILACL S very siigh

par ti cu Fances
prtssm'eapdi ratait t}mﬁstame:ii OI‘h1s tyfpe ofrmeltetinldibrmcviydoelastiobonds that are

oE B SRR ey B BB i L me e T fnger or

hah®preBshré. R¥LAR e%b?ﬁ'rdeﬁts Rt 5X BMRERlYcufedilicoREBHSEY Qtthesives.
junctions Referring to ﬁlgure 5A, in one enbodi nent,

In seme eghedimenis, qlw@@lﬁbhgh&mmblg Ilahmte&eﬁpruh@m@adlatmn is used fo

;
o {EERR B R, 050 L 30 e BORRA R neing g gpecsive
he&tQenerdtiap oWaile bIrV -bdsed anhx:'m:grqurds ayesub@ﬁé&e toltee) s isosaemt, the
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clocBtis besan oo betp FotE PSR ) Bt o ip LV B i siticone
adRésivks dAP Syaa0sbrahRS bised oﬁfafrﬂldié,t&ﬂe%‘i wate® BuridpdhedhBSism may need

junction partner |layer 504 has a | arger band gap_ than

adflwéna lieagepis Prapasi pltahed t0| the slerecell 182 diithewadfectingethe proper
ﬁu%paﬁﬁﬁg?ﬁ[ség%feﬁg g% Tﬁ‘erﬁ’l s?ﬁic ﬁ@ gdﬁe Sed #@ngicgﬂe 't;ealants are
craseéinkWpARBSAORSIRL Btﬁﬁﬁ hﬂﬁ@ﬁ&?bﬂ%ﬁ&rﬁi presawsp &luestl thermo-set
uct i I 412 t.doped. | | t ti
Shbt YR wideRe fEiey myofet e ans o
thérhﬁserﬁmg:ida@trbnn@fdmﬁg tHealée bf B andForipréboRe th cdrfurtiéh with a
enbodi nents, the transgﬁrent conducti ve Iayer 412

vulegpizingreant, repulgpgin epatydnerases strangth, stabiliboid slastisiy in
lgef‘ 4R nd E]erf) RN g sﬂ?%ﬂ?:c 8 r@grﬁag{ﬁ }éﬁflrgg%i::amzmg materials,

ectro epOSItI on ] )
Thapphianizinghgemhis mh‘osssixmiengtxynmmmd ppmtdmd Ittgomeeefnebt)dnn@ts in

s b el iphecrs B ISR R4 B Maiona vlcanizing
e T ey O poamd oD SO Mo |
| Sel eni .
r ef 4P sqTe EMBRwCRiE, fgr ?f?agm%% @%aaﬁ%ﬁgﬁeﬁw&ﬁg%gﬁé‘ﬁ
epb®Y 6 acrfie Jhﬁeﬁaé 9532 h{) fidd aindedly 5@?@8%1]54@9% fotm the

copper in (CQulnSe2; al so known as
tra@$@yent casingihhd c’ewbtbjdl hmutsls ;mbtbi;mpmércateay takers Penwre ghat the

1411-V,
nofedtis aihaiedt iy E ot R A R R e e P P
anfgedie, préperiised ensundTieidnt opefatids dyer@dEmbiablApdrivBa? usage
. AgGaTe2, CulnS2, CdSiAs2, ZnSnP2, CdGeP2, 15 ZnSnAs2,
“%GaSeZ AgGaSe2, AglnS2, ZnCGeP2, ZnSi As2, ZnSi P2,

CASi 1201041 Infeian., s;xfcrﬁfafc{%ﬁ&ﬁd Mh@ﬁiﬁéﬁﬁc&rcahh$3 10 fnéSptional

when such conmpound is known to exi st n _some
fillerdayer Fhnsome pabpdimentsdnelperieal agsulatignr Insgmejegbedigients, o

ﬁ@lﬁ’twggg%rlapfs u%éesbré\ %lt g-leecﬁgé\%%% ?c{lsa rg%gro? %?B%p@l%flal filler

lajeaﬁé@ 504 is ritype CdS, ZnS, ZnSe, or CdzZnS. Such
sem :%@rq}%g}z roerqu}rgﬂgrgtl %g’ cg'r%gingc{ Sidth of each of the layers outside solar

cell 402.(e.g., the combination of the transparent casing 310 and/or optional filler layer
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20 described in Chapter 6 of Bube, Photovoltaic
Mat eri al s, (1998, | nperial College Pr es(§", . London,
which is héreby i ncorporated by reference inits
WO enigiobiy . In some enbodi ments, the absmbsnoziovssis
33D pinesoms@hbodimeapsper - i ndi um gal | i um di sel eni de (CCS).
Such a layer is also known as Cu(lnGa)Se2. In sone
embodi nents, the absorber sl ayler 502 is
copper -i ndi um gal I i um di sel 2pRi-gde (C1GS) and the
junction partner_ |ayer 504 25 is CdS, ZnS, ZnSe, or
W}Wﬁ@enmﬁt@,&ﬁér@ﬁ)om ments, the absorber layer 502 is

¥g§ ﬂ%gﬁ %U%oiz@‘égle 4% taé %Etgkg@#oggﬁogi&écubﬁ 410isa
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fileP@lyasso; hppt er 12, which is hereby incorporated by

reference herein inits entirety. In 30sone

enbddicrpnisshe refragtive éndgs 96 ietoatermest hayer elcthn irgnsparent casing 310

I Britt, Final Technical Report,
an(%ﬁﬁjgréﬁ%g}lga%ﬁ?g% 520- 39119; and Del ahoy and
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R e T

Modul e Manufacturing,” NREUSR-520-38681; and
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Jany@gdmeemboAefs, tRaGihspireltasiig 8 B0 REFG@Y on an underlying layer
i ncorporated by reference herein in its entirety. 5In

(e.gotictormgshen wnspacatsandycties byeiotiZefillerdgys 3Khor 3 watgy fsgigtant

1) 1SRRG ) DR PG Shpng Yioie, DEBOE BIRE wape
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mcorEﬁé rat ed by referenc grel [nits enfirety.
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caélﬁg?&%%n%@%gggder%] e P&?n Fi I?n Sol ar esearg fouitable
in jR@ncesrvge thesnanspgreah@asmg&dﬁm fosmedfrow an acrylic.
NREUCP- 520- 37020, January 2005, which is hereby
i ncorporated by reference hereininits entirety. In
soms en‘ogdi Eensa,Eﬁ@mﬁWE&&xg@dwtow@mﬁmnE p. mand
t.hic In _sope 15 i ments, the conpositi
rat |‘% SHngip figvrecdy 1 ope BEH, *@‘%&f‘%‘gd‘mt"?néh@‘”

he%r §rict1|oﬂ bSQRRn S RRGHIER 8y 502 alsﬁ@ﬁw 88 'bﬁdkoé)ed’tx%ﬁé @043 fand a
G/ (In+Ga) in layer 5027is bet ween 0.2 and

junsting partiss dyeeHids dtsn@sectlowlfa@ss@trbbél@yﬁé@flaThqui;erber layer 502
an%?lééhgi%‘og aﬁ%}@g gbt?%%gfnggsed dtd a@g{faea{dﬂs@ea}amwe

stal'l ogr
differewritaad | gaps anti rlestoreafindied Bméwrﬂlst thdnan@imaah@dam 604 Bas a
largernb H1 ggp a%sorberolayer 502. In some embodiments, the absorber layer

502 is p-doped and the junction partner layer 504 is n-doped. In such embodiments, the
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5.2.2 Sem conductor junctions based on anorphous
silicon or polycrystalline silicon " In sone
enbodi nents;- referring to Figure 5B, the

woasgicesmiuct or junction 410 conpri ses anor pheesUs2007/006615
trambparab nonduntlwlaperelr’rﬁmsjm ntmpbd; nhelterriativeembudiméenty ehe absorber

t F .S
eyt Rrdreg 37 piedin g pReaty 1evPe S B ARG TB L mbegiments,
twﬁﬁ@,s@enwmamﬂ@say@fhm@p,-d@wa TRy She SACLIRAGTRE HRes N+
doped anor phous_silicon. In some enbodi nents, the

seionduiara &sist in Bandey.dfnddepkiaf Semisondugtor Eestrodenssition, Marcel
DekREr 58, a'f@)%e hAgEanﬁ? ﬁ%ﬁﬁf? %%fE%p H@cﬁlo?:}sf&t E??g%geé’%{ﬁze Bidrein in its

ope norphous siicon, laye
entireby, phaawsd L:4) fomcsamumndbcltcaymrcmiﬂ@l@.s n+ anor phous
silicon. Such sem conductor junctions 410 are
descri bed in Chapter 3 of Bube, Photovoltaic

o E RSB op AEBFEBRGRR ByeF B ftaRe BiERdRHride and

its entirety. |n sotiereéyiedeilhditmatefialshe pr esent

app'do@ﬂﬁ%ﬁg 19 fe fh& t? 9%;’? 419 I&ﬁ{ée éﬂgﬁkfdéxpgﬁl %Hs%bgﬁ?g& 502 is
a @B.)p V-0 I-Umﬁccemmmpﬂ eudhras aopyer thenoe dlAsdldmxcEL(CbInSez, also known as
IS REBRE ibpairienis snerbes e D35 B ESruya iy woifpound

sePéthdi &0t BB grdu@mhm&ﬂn@ Jf CdGeAep zﬂsmzy@ﬁmwﬁh IHTR;, CulnSe;,
| icon. Such sem conductor junctions are described

CuGﬁT@, @ﬁieASz,lqch@Rz, Sellnfie; B Gate. Lalate €dSiAsy@nSnP;, CdGeP,,

/ 0
28R PSS AL RO At R BRI oS s o
ithier thr ypeyorah Schenls o 1988st. and
7 Bub ep-g}rr]%e%oo | ??im: gat etrn{\tg:ogmouﬁy ywn ésas ngk Se
Pr ej’% S"%ﬁ‘a‘g PAMGRTS, e JugEtioR Prrtogr a&*ﬁgrﬁméso‘; 2820885

CAZHSONR eﬁ@élﬁaochmeﬁtef@raeg&serh@eﬁm is -t pSCEUrdrtRe Ynctidh partner
sone enbodi nents of the present application,

layes P4 bsrittupe 66S; %rr%tznﬁhs)r @ﬂén%b Sudhpemirsndystonjprctions 410 are
deggrﬁ) &5l &E&ﬁ% S(?}ﬁ?_‘fﬂ ic%%l c%@t@ﬁé[@t@k éﬂ@:eg’él &ll’é'gé Press,

an anor p ar ce are use
Lomdon, odrichuis therebyy umnmrpom::ted by efdewerin hEGhtlI’ﬂyBu be,

Phot,ovol tal Colle

CondBRom Brogbisns. G bR FapLRELE sePeei (P AR B clenic
(OGS [Buch ah@fe m/alsmmaxrs Tl GB)Seh lntiomd @mblodinaints, the absorber

its entirety. In sone enbodj nents. of the present

laygs 507 iscpoppst-indiven-gallvredissleaids I(C}Qﬁ?@flfiélmm%wﬁ @Agneg layer 504
is Fﬂgdéggé% Eldr %nggmggdm YRS A0S, MSbGDES 1R 40b B p-type
CIGS and the Junctlon partner layer 504 is n—type CdS, Zn8, ZnSe, or CdZnS. Such
semiconductor junctions 410 are described in Chapter 13 of 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. In
some embodiments, CIGS is deposited using techniques disclosed in Beck and Britt, Final
Technical Report, January 2006, NREL/SR-520-39119; and Delahoy and Chen, August
20035, “Advanced CIGS Photovoltaic Technology,” subcontract report; Kapur et al.,
January 2005 subcontract report, NREL/SR-520-37284, “Lab to Largé Scale Transition
for Non-Vacuum Thin Filim CIGS Solar Cells”; Simpson ef af., October 2005 subcontract

report, “Trajectory-Oriented and Fault-Tolerant-Based Intelligent Process Control for
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"Li ght wei ght (Al GaAs) GaAs/ Cul nSe2 tandem j uncti on
solar cell s for space applications,"” Aér ospace and
El ectroni c “Systens Magazi ne, | EEE Vol une 4, |ssue 11,
woMNes/ 0633989 Page(s): 23 -32; Deng, 2005, "Optip@zesiodmose1s
Flafibla-C306P \bixoddictMamifaturing/TRE ISR - RI0E$681 ;j and tha'rrxamthan et

ol e TEE e ToNs Bl S SRt BB RTEE P EXTbIpkks Bedzayisa
F13000 JdRaae (37,2088 Seach d84Rich ﬁ'}ﬁéﬁ:bg‘ixﬁiorpora'%&p By refSTBHcR Iﬁ@xléifn in its

silicon based tandemj unction thin-filmtechnol ogy: a
SORERRGT act ur i ng perspective," Photovoltaic Specialists

Tuent SR anp iR HRAEIRER IERE A0l iy on g pelybdenum

badld8iectrddardi04 bjz%ﬂporﬁtfdingbnaélbmbmdlesoumes Brceatdircagdth a three
asure nt . of sol l).s Pho I
sagE BEIR CETRIog R e e oL 70, PR Oh L 2% Ebciensy
zﬁmedgmma%bmﬁﬁﬁnzﬁﬂécceﬁeptpmgl&g8n ﬂ@cg&(osﬂad%seara%d
vol .1, Kim 1988, "Hi gh efficiency GaAs/Cul nSe2
Anplisetions )L LS whichds barebydneosporateh Y sferereg herein in its entirety. In

soPR SRR, (e B RJEAS(O LIl o PR L RRTE, FRER 1 Sl i

Rangibathan 84 d/.¢ Behferent® Baper, “SIGH Tairakidin tSalad Resdarchet NREL: FY04

Regiitng AP Rt NREL/ O SR A raniate n 0 b hespby

indoBgordté® By refrendeiiekein b idbnBriyy.. 1988 Page(s): 1" 384 -
1389 vol.2; and Kim 1989, "Hi gh S ecific power

(Al dapenycembydinenisdayer AResrheiasa 0 Sokm sad &0 Horfhick. fppome

|
enBen) e iph o b RF CHNIERR B B S0P bR and 095,
In meecmbmxilmtgtsﬁha tompq;pmollgaﬁ) W(IB-)'GQ)ZQ layEBmZ/le IE)etQ.'een 0.2
ﬁg I E%s reb C%Olnc or at g ¥ tIlere
P Erei HS‘?‘He F‘P H‘FP Sé‘o SF4] eRiR l%ns
orieaaeéh. da sﬁ@b'ehmﬁhﬁ@w’thdelw ﬁbs@fﬂ&ﬁhastaﬁ)ﬁ 2k |cl'ys¥éllographlc
material s In sone embodi nent s,

origpiations g seme cmbgdisrantsibe GIGS abserhsasséepct%ﬂh og%rmd um
35arsenide (GaAs) or other I11-V materi al s such as
InP, Al Sb, and CdTe. GaAs is a direct-

5. 3@%@%%&&&%@%&5%&50%65 ﬁﬁgorfr@rt EJI% stalllne silicon

haV|ng a band_gap of 1. V and_can absor
AML Th ERIDGebRfimgnts, qef?rr&grfe&g%? S%ﬁbﬁﬁmlﬁ%‘ldﬂﬁ@l’bﬁ%‘m 410

co;ﬁghgé k&\'rgaaﬁﬁb'ﬁ? sitibb. inl sufie bhnPBGi p{ehﬁtthlg ?é"anstgﬁ Wpe Aeterojunction.

m conductor junctions 410 o e present
Foappinpatin somacmbadigentsteytr Shd Graprises SAOdBbBldyes 512 comprises

unfRRR S RO ol e St e SR egd Ana AR,

i t s IeRdrhé &hlodiments, the semiconductor junction 410 is a p-i-n type junction.

For example, in some embodiments, layer 514 is p* doped amorphous silicon, layer 512 is
undoped amorphous silicon, and layer 510 is n" amorphous silicon. Such semiconductor
junctions 410 are described in Chapter 3 of Bube, Photovoliaic Materials, 1998, Imperial
College Press, London, which is hereby incorporated by reference herein in its entirety.
In some embodiments of the present application, the semiconductor junction 410
is based upon thin-film polycrystalline. Referring to Figure 5B, in one example in
accordance with such embodiments, layer 510 is a p-doped polycrystalline silicon, layer
512 is depleted polycrystalline silicon and layer 514 is n-doped polycrystalline silicon.

Such semiconductor junctions are described in Green, Silicon Solar Cells: Advanced
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Furthernore, in sonme enbodi ments the sem conduct or

junction 4 is a hybrid multijunction/solar cell

such as a GaAs/Si nmechanically stacked>nultijunction
woaeisdesses i bed by Gee and Virshup, 1988, 20t hPQIAER007/006615
Privetles\ Pradtice, Sgatse écrrilﬁlpt@gh&ie Peviges anfl Sgstempgdiniverpifepf New

SIS Sy, B B DL PSSR, B gt
Pr&é&l\ﬂbnfdﬁmrppt §7-66,vellicltdR\Hey imornmiadd horefiierae Gevdi it litis Bntirety.

fil cell.and a,.ZnCdS/ Cul Se2 thin bottomcell
desdd 1B TR§P d@%@#%ﬁ@f@ﬁ% apRliefon EEOPHERE Bire ot 410

b s%ﬁ babltole kR SAER SilHEER M drpsll
2e P Bpliie g{c%gst B iR B ov??’tséféi“s‘ggﬁ.g’é’f’@? v

St: ﬁmﬂa; celh ors usq:dEE&lcpwmogmiwgar Jmﬁpw«desmbeﬁzxs ﬁub@ac h
| ncon n e

& e R T e A S e
ref:iilglgba cfté@tlﬁ&%; Iwcligclﬁlds IhBreByl hﬁorpﬁi‘aﬁddom'bfeeame Matwmrin als sntlrety.

nper ress, London .. 131-132, .

ahi hsat HESHT G ?‘}foqrs%eabapa SR HBLieAPET nption 410
is 4 Eaﬁdﬁﬁﬁﬂﬂ’cﬁ&ﬁ/ Tandem junctendard d@@ﬁbé‘@fﬂdféﬁ; bRAmpl& NGk QRB, 1989,
based on cadmumtélluride and other type |1-V

“Liuhinmeighti (Al GaAs)GaAs/CrlnSigPréanderm dictien 805131’ celgfor space

d 4 QﬁseMQ H‘%{{“: -\l
ap@%%%glggf}d‘g&%’%f J"can gt?%lrl%%g red 1 n-either J()ellmrr?}{t‘ly’/|c¥sesue t
Noot gwma@e@yp:e-ﬂwmnmow dOp@ln)zatwrnofsaaSié}eeﬂthdﬁmmﬁdem

referrin

ferr, n i
andh sipelegunehon fo P ShainuplialnSPerAie Lt ersgor 205 CoaBence
RO o'i*‘iﬁ'l: ﬂhﬁy@w TELRBLN gl 20059REeERTI68 - 370N &rya et of., 2000,

25follom ng” table or alloys thereof Layer 52 Layer
ArsarphensGilSep bawd sandemyoaiendairdilm- igghaolgay acaamarfacturing

RGeS A S R A g oo
Twenty-Fighth IEEE 15-22 Sept. 2000 Page(s):1433 - 1436; Hart, 1988, “High altitude
current-voltage measurement of GaAs/Ge solar cells,” Photovoltaic Specialists
Confererce, 1988, Conference Record of the Twentieth IEEE 26-30 Sept. 1988
Page(s):764 - 765 vol.1; Kim, 1988, “High efficiency GaAs/CulnSe2 tandem junction
solar cells,” Photovoltaic Specialists Conference, 1988, Conference Record of the
Twentieth IEEE 26-30 Sept. 1988 Page(s):457 - 461 vol.1; Mitchell, 1988, “Single and
tandem junction CulnSe2 cell and module technology,” Photovoltaic Specialists
Conference, 1988., Conference Record of the Twenticth IEEE 26-30 Sept. 1988
Page(s): 1384 - 1389 vol.2; and Kim, 1989, “High specific power
(AlGaAs)GaAs/CulnSe2 tandem junction solar cells for space applications,” Energy

Conversion Engineering Conference, 1989, IECEC-89, Proceedings of the 24"
Intersociety 6-11 Aug. 1989 Page(s):779 - 784 vol.2, each of which is hereby

incorporated by reference herein in its entirety.,

5,2.3 Semiconductor junctions based on gallium arsenide and other type III-V
materials

In some embodiments, the semiconductor junctions 410 are based upon gallium

arsenide (GaAs) or other [1I-V materials such as InP, AlSb, and CdTe. GaAs is a direct-
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n- ZnSep- ZnTe n-ZnSp- CdTe n-ZnSp-ZnTe Met hods for

manuf act urigng t he sem conductor juncti@gns 410 that

are based dpon I1-VI conpounds are described in

woChagpisesns 4 of Bube, Photovoltaic Materials, ROPBS2007/006615

bahthgep imateri@ohdvages Famd gsp of b eV andvbrncibsory % &lyM1 radiation in

I ncor por.at ed by refer LN i ntirety. 55 2.5
 SRERER R RO oo Ui B B ERbudisihay gasefieds.
sedidonBuaeueaivds & | @61 thel pkdn® Bpplitdthbd RetiesdfiBed 1B ThapeO4rbf

thin filmsem conductor filns _are greferred, t he

a [
Buhspfhetaraligic Materigls, 5398 ImperiabCollege Seinb Lontern inbihy i hereby
: SER Y thons 410 are based upon
m%r %?gﬁpggéggﬁf€%%ﬁgﬂﬁﬁﬁﬁexanple, referring to 10
Fi gUruethBidjore,rin some embddivhients thessemidoadigtorijermtidu 1 @is a hybrid

Cjunctjon 410 conpri s a.d.ayer of ptype cr alllne
Rt sk osfl 00 4Rty RS bR B R Bt o
deb@ibed Mptcheasd Varshupn usa QLR TERR Phsyedifld Spaeiatist|GoufbRence, IEEE

sem conductor junctions 410 are described in Chapter .,
Puplighingy sy YprkoPolrdh WhICH igbgrehy inpasporatgd By refprgage herein in its
: j i Hvher, ' raat
o e R B AN Tl v 08 BR o EAR i il top
ceirabodiZmEdB A ulnSe; thiff bettao kelt desetibeddyStapbeqfes whel 9" EEE

resent L, ien is eous, because Lt can..
PIRTE Bt PR BBk REE M AR R RRTE 2D P Kim el
2@’%@@@%:&@?@& Sherdhiis: c'ﬁ@feﬁeama lIEEE Bdl%:lll’mmgSNenﬁ I&_t-dme p. 1487, each
Of g 15 hEPinCOBR D LaHISF YT 7 0TeB0 G ey brid
; : r ' Chj [ tiol .
o b O 138 dmperia
Cdllzge Prass liondarf, pal Bdd32, ahlshdohdrebyanensparated by teference herein in
itsr%gl%ctivity of a surface or body. It is the ratio of
e Ei?onagnetic radiation (EMradiation) reflected to
t he anmobunt incident upon it. This fraction is usually
expressed as a percentage from0%to 100% In sone
&iho Sexbrohductsy jiretieons basetl lva cadmivii tglluwyidetdnd ditbaatype 11-VI
cell assenblies of the prg&ggﬁﬂ@pplication are
prepared so that they have a high al bedo by paintin?
sucHnsomt ambedimenisf the gernigendugior gungionsrd1 0 lare bagedupon 11-VI

oRRRT A oEMBA TR AP OB o B AR,
soffRtegiibiodinsents; euftrding e Rigae S, thedehbconppuiaaiction 460 ity
AR 3 oxf 5 SR SR e
follSf Bla IS ol RISk thekddfi tS entirety. 30 However,

surfaces having any anmount of al bedo (e.g., five
percent or nore, ten percent or nore, twenty percent

or nore) are wrrhqHSgﬂgﬁ§tupe—g§“ggg“present
. . . T
application. In one”e odlneng, YRe sol ar_cel I s

assenbl i es of the predgnt applpiCdfel on are arranged in
rows WD 2008/ 060315PCT1US20071006615 above a grave

surface, where the”é?ﬁ@@[ has# pai nted white in
order to inprove thezjsskl ecti yecgreoperties of the
gravel. In general, any Lanbertian or diffuse
reflector surface odadnbe used”t@dSsrovi de a high
al bedo surface. By yay;cof exa | N SOME '
enbodi ments of the present application, the bifacial

n-CdS p-ZnTe

p-ZnTe n-CdTe

n-ZnSe p-CdTe
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5sol ar cell assenblies (panels) of the present
application have a first and second fage and are
pl aced in nems facing South in the Northern

WORM$08HEr e (or facing North in _the Souther nPCT/US2007/606615

heni sphere). Each c%Z#3¢e paneP¥nif8 pl aced sone

di stance above theV@ ?gnd (eag 7100 cm above the
ground). The East St separation betvveen t he panel s
i s sonewhat dependemnBipon theZa¥eral |l di mensions of
the panel s. By—wey—ef—Hustrat+en—enty—panels 10
havi ng overal |l dinensions of about 106 cmx 44 cm are

Mbtha&Lr hﬁnﬁﬂa&uﬁ@%’\ﬁne %éiﬁf&oﬁ&i@ior‘jﬁﬁu&%ﬁlﬂ\fﬁi hreRRRY Woh AOVI

bet ween the pane between 10 cm and 50 cm In one

cogyperndsiase dssarpaddn %hetere’aeﬁ Bujes Phajevodin i Meyarins: \i88 nimperial
|
AR PR ol S e AU R

betmeen .5 neters and 2.5 neters fromthe ground In
one spec

f t.h
panel s i Iézlisc%eg%?rglp‘{eﬂ‘gorf ngﬁ‘f‘ﬁ ?}hﬂ'ygtﬁ'hg‘e silleon "

Nor twhﬁps&ﬁic&ﬁﬁaeﬂ hetbnh a1 g\BRNark Rfide @0 Bin ManRhscdnductor
dependent on the di nmensions of the panels. By way of

fils faggspreteriediihe applissiondpaeti spiliniteda ipsame qraboginerss bae
seR RIS RHEA ) gro BT MBI ing ARn, 139 oRAglc Mfeming o
Figrb 6D, imesohe, enttodiniots, ﬂieSemidonélﬁ:}Dta'ljmtdnom 4i G chepriveen layer of p-
ers, n,sone odi.nen
YRR REB EHOT DT JERD AL 1O PR TR STED Go0-a i igds or
mﬁ?&hﬁmg crystallife $HRUPR sEAROAIERIY ﬁactlﬁmﬂ'(}saré @scribed in Chapter 2
onputing the anount of sunli recei ved by sol ar

of @alhel Bhogayofiaic Maferids.i ]r99&dfl'®ﬂ§§ Callegg Pressygndogowhich is hereby
7 i s hereby incorporated
m%bérrgtfeér%gnce é%ﬁrﬁgﬁn“%}{st&%ntl rety, are used to )
conmpute the opti mum horizontal tilt and East-Wst
separation of the solar panels in the rows of solar
panel s that 25are plS%tAlbedn embodimendsi ve environnent.
I n t
R RPPAMIRRIG e B0 Bb1iONioR K £H/AR a§/J09§ b&GLRiFean
coaehxéughagmugh thichamtied tbmdmf@éritad: Bur&ud Andradioglyl mghme

I,ngut the sol a
er B oAt gL SR FREC TR P Pl Bl ¥ o
asécpitIgeo® '70@%) 9005 e RIcCdrRBgédink 9DERive 6nv1Mﬁhﬁnt in which
description of al bedo surfaces that can be used

In
supfaggs gFund dhe spar e pserpplydens soawm@% Po#bedoe Albedois a
I t
%sﬁxlﬁ g??&%ﬁggi'rtﬁ)l 7 élﬁ'tggestgi‘slﬁﬁgzlh é %%mﬁﬁer e%he'cfr%hé}{étlc radiation
(EMhmadiation el cetexn/ torthé ameunt éncidentuponiih ThlsfreaitonnselaS}aaII)Semressed

Dual | ayer cof,e.e I yent s . nbodi ent.s. of
as AtgrospBYE oo R 1o TOIBF HPHR smbosimegis rtaPoRan o Meifishof the
soRk célhgssedbiads od Baairb@ndidpdlicdtiohhes pegeaido tﬁﬂﬂhé)ﬂﬁbb @ Righ

is nade of a uniform copductive rraterl al hav een

alkbgdo PyPanyHe Juctpenisessadeechsewite arlet g see emﬁ%dlments other

mABRAS AR haﬁfé d hﬁ%ﬁ‘&]ﬁcdo' dth b€ dsddO FoP EaenATHRAIBERI sorh@matenais
some enbodi nen he conductive core 404 1 n fact

areund; suplesolerells aprioash op exased piaRSTdeYe Seorfer expmpld, Bneth 1977,

I i

SRR R S8 I £ HpkBy BRofpoReRy @Ot h &y ey

Hwe\&u,cshrfems having atysamdunt sﬂﬂibeckrfe@d iftve Ipbmenttoln momj tmpercent or
conductive 5core ii Ciré’ﬁ'b erenti hey {) E ;

Mg HIYERLE RETOHROT PAed e nViENIL B shansod thedieg Caﬁ}ﬁé none

embodiment, the solar cells assemblies of the present apphcataon are arranged in rows

63



10

15

20

25

30

35

Is typically nonconductive whereas the outer core is

conductive; .Substrate 403 has an el ongateed shape

consi stent “wi th other enbodi ments of the pr esent
woapglisesat i on. | n sonme enbodi ments, substrat eP@OBS087/ @615
abevee gravdaitigcec whengdhe g«reveﬂu bemteen lpaintgd e te ﬁm eider to improve the

reﬁ%o\f\% Pf”%n{tlgg of)ﬁlv\%rav 1.4 %31# ﬁtin %ER%D or !éil'[?}ug dclﬂle&or surface

rate |s ele

caii@eamausbromede@aﬁgmsmeddwrﬁbﬁ er core can function as
the el ectrode. | n. some enbaodi rrents substrate 403 i .
tub.l?rvwi%ofgexam@ eagkgoﬂ?tﬁ"‘ﬂ’g’jhmelnﬁ H}Fé"%ﬁ?ﬁb%ﬂp ’t°§= the ﬁ}éamal

sofi S 434BL1a %pdn%ls F’tﬂe ﬁfes@nt gﬁ]ﬂﬁ%ﬂl(ﬁ{ ha%b’ﬁ'firﬁ%nd second face and

pol ybenzam dazol e l'azol e(r), available from

ar@plgcksida row ﬁsmgéi@ Iln éhe Ntsmerrelnemxsrélst())r fabmgé*ﬁvm in the
sibegtheRRgre Rep SURERERlT; bio e Bnhe iRei B rpynd s

100chnatoge die, gr@e:ldaxmmhceliast-mssmaﬁﬁbwwmrths pariehds bahe@vhat

core is de of | ytetrafl uoro | ene (PTFE
deﬁ%ﬂ%&%@@t%ﬁ@é{)ﬁ%ﬂwﬁaﬁ @ﬁh%r Wi P&Hluﬁggtwn only, panels

ha@’:f;g Ik ahll glrﬁér@mn%ﬁ%mod’émw Gfh ark Bﬁced‘ 1H {RéBRs such that the
odi nents, the substrate 403 is

EaptoWatmegI@amqn @@VQ@ the partBlsris betpegn rﬁmm a:sbSQ/gxz hoenerspedfic
exERRETRY ot AVRPALELER, LGROLEIR L dOL D5 S0e

rat e S rra e of a
gl ads sdias edbgalimpos) the cd?h@hpdmtmfltlafpaneit asthalrmmq:anﬁy is

beRAiky 1 e ahd 0 PAGLE Dil6PPuRg) GhoRs PBL A EFAmple the entral

pofi BF MR tpakeld ﬁqrfﬂ)ﬁ@&is'fﬂgn ﬂf%sgr&ﬁld “ﬂi@ Nohﬁfgouﬁlrk‘éraration between
pressure are applied to the | ayers, a chem ca

the keaistof oanelsis idgpandentoni thhyimensinrs o thespanpls. By yeayaf dllustration,
in oﬁé/ gJeél ré%cgmgln %@1 s‘%m*%qﬁ ggérglrl ?}&lxeFﬁfg ?PaboﬁteltOG cm X

44tche sl NadileSowh Separationds 2. echaétérherﬂmmtembbdm@ax thetNorthfSouth
cloth teria can

reSLn types a I b sed t _
it EiPeor e ieses ond BAeirsy od SR godiEiegis G North-Souts

seﬁ@ﬁhﬁhﬂh Béthveert Naicigtland 3mskt@b.ect ri cal properties. In

sonme enbodi nents, the substrate 403 is a phenol oic

| anilihserae prabedigrents NERtel yon sempiting thy, anmust ofsuplighy repeived by
sogr g&l]e ﬁs% fﬂoﬂh% ?Bgn%g h?@ﬁ 'SSlaJ' é@i&mt g . 7892 which is
aval | ab oedeKer n sone

romB Iastlcs I'nc.
hemlm achionmmated by tedersededteran Mtlr@y,mmﬁsed)to compute the optimum

A R i S 0855 s o
aréjﬁb@(ﬂ ifd réfleclyid dsvirohmddh Goﬂ'{@&ﬂb&ﬂiﬁeﬁt@ rinf¥Rah &fﬁx‘&&bal

: i neers, ninth ed|t|on 1987, W Hi | |
re%ecgomarwﬁp@mepgedn@ therspl arﬁfalb?fﬁw@y éfaf ac}V@fl@g%ﬂ% & albbdo

eff*@ﬁtr a?lﬂ% hdhek flghtjﬁgﬁtru?@(h dﬁ 9 Hser%l?. Aﬁneeai@&glaﬁ%}ﬁﬁodlment of

trat cross-Iinke
th@ﬂapmil@l st¢flactmne(e. gOreflestemigils) lsfdepjcf@és*r Figmiedd. More description of

all%ﬁgéa%%c@@%%b%w Rk {}1;% Cféol‘nev%thp h%Sthresgﬁc't ap;lnlri]c%}ibn ar\c/:\laiscloscd
in United States Patent Apphcat:on Serial Number 11/315,523, which is hereby

incorporated by reference herein in its entirety.

5.4 Dual layer core embodiments

Embodiments of the present application in which conductive core 404 of the solar

cells 402 of the present application is made of a uniform conductive material have been
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Rexolite is a thernoset, in particular a rigid and
transl uceng pl asti c produced by cross d‘i nki ng
pol ystyrene-wi t h di vi nyl benzene. +n still other

woantsadiartent s, the substrate 403 is made of PCT/US2007/006615

digpdisyd aThmii@ti ogughotdisnited 40 thosearendiaantsh duy gome mylbo@ments
ss fibers
th%l%gnlégcrm e co }1 l)‘J‘asc% Q ens!u?er %g e ralel% é% ﬂgte on?!fcrfqvg gore % inner

coﬁ@dﬁhlbe$6fbi\tai &tds angbdtatca3wglile thsoltfieotean ll’falreferred to as
expansi on coefficient, of the material. Exenp

baglElcetirds S04 dr such cgmbadimpntsy Jin fchismbedimenisy t)he wtemﬂ@ﬁctwe
co?é' i€ cﬁc\.’lﬁﬁi}eﬁtﬂhﬁi)f §iSBsBPESItekatE h@f‘tlln(éﬁch é%dldléht@ QUiBstrate 403

nmbodi nents, t'he substrate 403 1 s made
is p/@lqahiy ngmcenéuctlm whentas @n’gw@r mm@ondw@vs u%dlsmit: 601 0% an

R R BB B B ol §sme

emr@tigﬂiantso slbsehtb e i"s&n(dl&dh%hl?ﬁ):@nd@bt&m mﬂinetaﬂﬁﬂﬁaitémaﬂs However,
thQ BBk FRPA g R fo GEROGENCEIs gh whigbgabstrate 03 % clectrically

coh@tﬁ;@é\’b&ua{lée thé Hter co?e SmlfiAutionfat et e'le%trb@é’ qR¥%ome embodlments

i ncof por at ed reference hereinin its entirety. In
su ‘Eﬁbb’mbm e.g., elasetubingdt r at e 403 i s made of

ool 1 S0t Frhbea R R IhERBsoh hPY Bmads of o oterial such o5 o,
poUbHMahﬁd&ZbleQb g% iglaasky, avmydbd)enﬁ'ﬁn&oedeﬁef Bllaﬁf.ce Iac efhinher,

[ 1.ul
ety I ol SHONpHRERS Kl anct st EEC plisinie e obuberd &
VeHEéI@ rdr@u?oﬂf b ﬁ%ﬁ@ﬁq @ 8kninBt cﬂhbgl%war%g al'ﬂ@@fn@ eﬁ%ﬁéﬁﬁféﬁ{% the

for 'Mechani cal ineers, ninth edition,
innge Cpraws wiade of nometraflmproeﬁwlenz (R Ry po lyethvrsthemmh (PEEK),

caal {:ﬁ H%g%l%gi Cf:a1§'| oné%)?édék%ﬁ Bl ﬂ:%elnge e§091e eﬂlﬂoﬁq?ents the

exenp ary rra eriral'st
sumatcsmi i$ madoofpaydnsitic-ahiede 4@@ fﬁomﬁdamds@lmmdimnned

p | asti s Enc éloﬁpgéga MG awH |Il; Reinhold Plastics

OE%“I PR &P Rei nhol d Roff, Fibres, Plastics
and [RyQReEHbodBUESIS tHO§iibStrats 863 Aighdblorh laGs-bdsB® h/cnohc
Resins, MGawH I1; Bil net yer, Textbook of Polyne

Phepqlisleinates ey madedyapplymahigatrnd mmesswe (¢ lagers of paper, canvas

i o B 5 Bl S Ao Bl e, When et and

pravburg am@hcﬂauoahdlaym,oh qheﬁuaad)teeacnm@lym*énmﬁos)(gramfuims the

k d
*senaS 1B T mstple AR e G SA e b b that Hinel b sgpiened

agdind TRérefond, t¥se afaterikR ke cdiieb l“th(’-:ﬁﬁbsél@.l" AREri&e B #kin types and
aut hor) (]eesk Shook, and Meyers, SPI Handbook of

clofia BRI GH B aseéﬁg masRieEE ‘BFWFHFBW@@& withadpngef
mdeRAR 'tB gg&‘ eweﬁfcﬁlgﬂ}r pertids n |11‘P ke SREREMERS, I?hé)éubstratc 403 is

V\hl c I ncor reference hérein In
a phbsoleleémnmntethyvmgn NjgMér gakde Qﬂfe3 odtdefi-G é}-@, G4 0madell.
ut . of eri.al that u tovoI taic
BBl PR HE PRt bR b BERleker Ry i o
I esiftdiveerthDsh@snts,| the SubdRate AOD I mmie tog poIB(Et?reﬁel.t ExarSfle€of

JhSmade of , any conductlv nmetal , ,such as al um num
Wméﬁ’ﬁ?ﬁe &ped| PurRPERS) YStY§?qe\f"§F1?l gédmaact @plyag{regp pHgetailed

in Mh?l(se Qfandhiy BB oEXTOP ViddBiMiSal HrBSicers, ninth edition, 1987,
McGraw-Hill, Inc., p. 6-174, which is hereby incorporated by reference herein in its
entirety. In still other embodiments, the substrate 403 is made of cross-linked

polystyrene. One example of cross-linked polystyrene is Rexolite® (C-Lec Plastics, Inc).
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35 outer core is made out of a netal-, graphite-,
carbon bl agk-, or superconductive carb WO
2008/ 060315PCT1US20071006615 bl ack-fil ked oxi de,

woemsxye31gl ass, or plastic. In some enbodi merntcsryU$20€7/006615

Rexoliteris g theamosst, mapbaftlaﬂara rigidh encttransicgrit absiicprotiuced byeross
nbaodi nen nductlve plastic is inherently
lmg b{nFyr Li}h u’lny ﬁ?/zep%qw rement for a filler. In
SOMEn D OMENRABoRImEME the HUBSiratM03 ik &aﬂ@@ﬁpdl’jﬂa:ﬂéﬁat@ Such
conduct ive material and the_outer core is

of
hisrRPeEepLaRn Deve YA RG amawEs Phelassdibersi{e gi, rh%s 2%@%@ 40%)
| |
in HH%?to%@stcnﬁleWﬁ%ﬂ %ﬁ%és e i Qé's v@ str?%gg a8 mi Q%ﬁlg Hemal

outer core s nm
exﬁmmnlmeﬁicténfﬁrthe owtridn eEmmheﬁpolmlbomm a@Yelux® M and

a s sol ar, cell sse es h I ng any
Zeﬁ.}x%gﬁg afpe Y"ﬁlﬁ?le%&m Ebr# l?“fﬁ’ d range of
di MeRsdRNEMbEiHne R, a@é&straﬁeﬂ@z Kinmde b pbil&HyIenet Bn séhe
pr esent appllcatlon enconpasses sol ar cell assenblies

embadingtss theshbpttate 408 d padsofiowdepny pobetutene th AR, bigh

el G RIARRRADPE), SRR AP BROuE b} ATy ene (UMW PE).
Chemived peopertit® oLHDEB dreldedGibed nm MadcsaSWndMg Handéztalagfeml I10
METRRRE Brgiegy ot iy Tod7 YRRl Iobi o R 3 i hereby

indoipoiteld By Ydféelehceebsh EBendfetf Ninabhe 2RBoGiMents, the subSfrate 403
illustrated in FI%U e 3A, a solar cell 300 has a

is padryefincrylensite-pyta eesattyeBfnpabidrugrartiyigna(Tsflon) s

lﬁ/ggﬁﬁclﬁg@%& 1B8te %gﬂween ggrp%ﬂislqupree&é?sg aﬁa&eﬁuﬁgﬂ cflose
ac@o, Hed vnml aoﬁastlamd doyl, ov fedtpremster®@ mhamitall popdtiesofithese

| n, nmhodj ts,, | | 1,30Q.,h a sl th /.
ma oA ST Bilecks Bamrd Hrteos i dvsiar G et ninth
edHOn SN cGr BB MY The. ) pp. SAITR thriahgell NEf\tvehictis ideBy ingetporated

300 has a Ieng%h [ between 40 nm and 15000 nm and a
by wfgtercghgeipuR Bhentge®m and 50 mm In some

enb odigfRMESexef: &QDL ﬁlﬁteﬁﬁls khat Q'Qx E@Yse@ﬁ) kA @Qﬁﬁé 483 are found

illustrated 1n Figure 3A. As | ustrated 1n Figure

in 3faderanPlaltisn datwdopediaaMcOew- P@Xb;dlmshozhhglasthaﬂppbcatmns Series,
RERIARLEI AR DBV B RN ALDRARHRD choxy
ReEzE.eIMc@aheHﬂB @:Iﬁiet;cee,l Tlexid06¥ oft budyrhariigiened] ntedscience; Schrmdt and

MES Erspse o MepoaaE fre it MoOr- SN Peadt (2,
P:&%J; Wior@hn- @‘rrarh]%lal%)m ezmgilmwt'ﬁobotstage ah PREHL (L84 N Pblymer

di mensi on! he 'solar cell 300 is 10 centi neters’or

Scigneesarsk MatpgakseWileyel9é sGlanvilje edilastigs 's £agineer s Data Book,
S0 FRARTS7 M I8 pgd S SEPOEIETSRgy  rges, s
HamdbddkroftTesimotugy wmd Engiklerivgl dfiRebiferad Plastwos Compbfites, Van
Nostrand Reinhold, 1973, each of which is hereby incorporated by reference herein in its
entirety.

In general, the outer core is made out of any material that can support the
photovoltaic current generated by solar cell with negligible resistive losses. In some
embodiments, the outer core is made of any conductive metal, such as aluminum,
molybdenum, steel, nickel, silver, gold, or an alloy thercof. In some embodiments, the

outer core is made out of a metal-, graphite-, carbon black-, or superconductive carbon

66



10

15

20

25

30

35

30mllinmeters or nore, 100 mllimeters or nore, 500

mllimeters or nore, 1000 mllineters o -nore, or
2000 millimeters or nore. 5.6 Additional- solar cell
woenadizient s Using Figure 3B for pefesnonsesis
black- faleamarde EpoRpeglass, d)ﬂplsaﬁtYEIIﬁdﬂﬂfeCHnﬂﬁﬁtrﬁentS?ﬂﬂﬁﬁfer core is made
35| n al [ i mdi sel de ( )Se2), referred
ofago glﬁ E;gomp gmgg%ale{x'@, nqucEve plaghc is inherently

cof@RBAE ﬁ%&@tpg}_lré&%%@&&t%ﬁa@ﬁﬁela g %rﬁ@émi}cﬁ%ﬁént? fthe inner sare is

junction 110.° I n such enbodi nents, the back-€lectro
rnattMJut:@fna mdnﬂd@ roftenied ydthe outer cor iswads @ibbudvlybdtrem. In

somg m%ﬁ? e ah tcrtrcl):gegﬁ?rgﬁs %8 01{1:';]) 3 Slr?co cﬁr Co{epﬁl? fglfchasa
gldﬁ@kgtbd@chwrbxsmisem&’d oontbﬁmdillijdqnoinyl m de core prior to
Cl GS deposition. On top of the nolybdenum the C GS
film 5which absorbs the light, is evaporated.
Cadni um sul fide (Cd s then deposited on the - CIGS
in order to con‘pl(etgggé‘l‘i""@gmhﬁl&‘f‘ Si¥ncti on 410.
QOt I'ThiB Prdsynt aPplidution eMdoipasdes sdl@yee!l afdendbiysHaying by dfnensions
hen deposited on the sem conduct or Junctl on 410. The

thaf fqllwghlnztllls%darﬁngeeoi%camﬁ@ép%s £ RGEXRMPS, E4terang ﬁ%@m.% the
pr@sHﬁt Bfncdtmﬂ‘eﬁ&ﬁn a@ses %bl ce‘ﬂ’%{s | gﬁ%ﬁ#r}éﬁeg@ggﬁ%\%& ! cm and

transparent n®teri al i's
50t09€ ctrr @dsqomdénw bcmmudtcm/@dl 90 el An th@e amb@ﬁimpms,etie solar

celg gsn%%@%»[% u Catvgg lé bee%wée\ﬁl? N (rp V\%rgds leww(? cm dth Ly br?la»t'een 10

cnp:mslemﬂo) cm Thﬂoh{e&mﬂjhﬁhﬁﬁits dendle bd:lmsélﬁbd&ﬁ hﬂ’ﬂe?a leAgth be
ial such .as_ al um num do ed zi nc oxl de

bet%%“ﬁfw an&ngit pic carcputdty v hetvsen 48 cmisar 3RO pe zi nc

OXi Gy ilthdihiddh Tidige S’A'é’&ﬂar%llsmjh&@l&ﬁ@h Pihh% gréaT&Bm ared to
Energy Systens nc d obal Sol ar Energ cF

a wigth qyn@tcms&tsect@n M@memmvm $1| solar (:qlEi/go ha aJength { between

10%? lk Qgrrsiﬁlmn%él @5&5 ﬁnpr[efﬂldt 5 %gécveel? Pmm ang 10,000 mm. In

act ovol Yarcs “sn poryim
sos bﬁﬂ)bam&stsus scngr mmn lhas olengthl! betveew 4D aimindd3)000 mm and a

roc ssfo 0 of the C aye
W‘B %té"ee%n QB’I ‘B’Jf W@Bﬁéﬂﬁﬂ%&%@%nﬁaﬁm %ﬁ"’aé‘% S‘P%‘i‘asa
lerfgﬁf EbdiReert 40 @ 4rd8 S08Pmnl SndWwidhit @Feidash 1P¥Efand 50 mm.
cont i nuousl into and throug@ one or nore deposition

zonéde sompempedinepass tolassel d¥kmay beelongaied as ilesinated in Bigure
34 e%?ﬁfu?l%zﬂ&?ﬁl ﬁéurg Ra20, Elgn Eir%?lijii(%)? & thaf ﬂ@hé&g&eﬁ;zed by
and ga

I am ar evaborate prese
hagiep eanongitudmpodimeAsioe f arm’ismdﬂgdlmhsmri wt limsaiﬁspembddlme’nts of an

4 on%.& Sglge%eﬁﬁoﬁf&gj% inal %b%%nsngrbprég% g ﬁw Eit%.kc%_ggjﬁsion w by

at fé@ﬁtaqﬁétogfap i REst @\fﬁdt&{«bf Saby dt@&tst @ﬁc@f of8.Ga soRk @mbodiments,
I'l's on Pol yi m de Subst r at es and Sol ar

thﬁoagﬁm@éweéwoné of thegoneel! 3QQREL¢ wiwgsrsg@terpa% es
ceﬁt?rﬁetgéjor Vaie bri 190 Q@ﬁtﬁx@éfergg %@Q&P QE?&?Q e}ﬁﬁo (Txﬁlfeﬁt'é etﬁg Gidth w

e|n| I'ts entirety cmre
(e.200BymeRirpefi the solar cell 300 is 5 m1111meters or more, 10 mllllmeters or more, 50
millimeters or more, 100 millimeters or more, 300 millimeters or more, 1000 millimeters

or more, or 2000 millimeters or more,

5.6 Additional solar cell embodiments

Using Figure 3B for reference to element numbers, in some embodiments, copper-

indium-galtium-diselenide (Cu{InGa)Se,), referred to herein as CIGS, is used to make the
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i n Photovoltaics: Research and Applications 13,
141-148, hereby incorporated by reference herein,
di scl ose a“pol yi mi de/ Mo web structure, \Spe0|f|cally
WORDISMII3TE (| NnGa) Se2/ CdS/ ZnO' | TO/ N1- Al . Deposi BCHHS2907/006615
absontred layer of junctiorr €8, dn sedhaamiiodssenfspible badselattswle 484 pan be

or See, .for ex i n v ana004, .

ot RS I SRR S B ar Bl 407 caRprives an inner

co@ 6@0@(11’1@1& 2t ah RS Sore @k is'a tﬁﬂiﬂﬁ@f&:ﬁol&f&hﬂﬁ sputtered onto the
Technol ogi es tProgram Revi ew Meetin nuf act uring

PORARCE OFF RIHT P gpersition. Podop okt B LiDYeER &gy CIGS film,
wﬁxa?%s&go}g%&da?geh@%s bl J&C%aﬁﬁﬁlﬁh Sulfi H%T ¢ t)%éﬁ &pbsitddbn the
appltcation, a

SONE € fte OF the pr esent
ClaiSsio oloder tmmletalsemmonkhmus junedon 410. Q@ptionaldy, a thin intrinsic layer

e AT bR AAT SR el oyt i PrgprtS can be
foﬁ@écﬂ us(r%Eagnateﬁmena@azh disot BmREd ioDzidt BR86In@hl ide-or bily

sone WO 20081060315PCT/ 152007/ 006615
tragpsst airrigl thahis highboinpdatings tNext, de transpaignt gpndygiive layer 412

S R0 gl PR M g0 e

theirlapeli isottsesenfe Tot banpparent wodwtivs layedd 2afan &e made of a material

oG JBr ©ncionge SRR LE Ba B ABPHLERE AU ootgh dope ane

oxmpdidﬁirxh-ﬁﬁcmid@%r&hdlﬁbhcthxmd@ conductive 5Snetal, a
netal -filled epoxy, glass, or resin, or conductlve

pl ad TN Eneeyysieansy s (Glebet SpEEHIreN, oo AFCpfgte of Energy
cJdvlex's{%g)(méjgﬁévge‘oh@bcﬁ&‘twew%tsgéaftecfiﬁ&efo?y ) xﬂé%ﬁdcﬁmng CIGS -

conp positinga wn ayer-onto
phatwyoltdies onl mlmmldet subttnaiesoming Mhﬁft@:rctlh@a -eMaporatien pltoagse for
is.Cu(l Cd used,, FEi na opt
aepsigot IS Ipv et dn R pRRe el s PR b B Roa 8L Btyignice
filagl dﬂ?éirdéicto @ﬁ)tﬁég&nﬁ as}thﬁoliieglaladi nigﬁkd conNﬁwduslthtb afngltlhrou@ one or
e aroun an r ue toawlresape or
merg Gép%sma@an@ dﬁ&&%@o%%mnﬁ dheatRPas ferjed temprpues of up

to LQ?L"@ aid &fﬂ) Tshd gﬁﬁﬁmm?‘& &vd allatédnﬁ‘ﬁo & ?rWE@E)resence of

st and t ep05|t| tenpera ure of the absorber
seleniper vapar. n.ﬂﬁw nagsiag gutiof theydgpogition zoansp deeweb cools and is wound

onfPRAELE od HEL IGaRAR. A3 RSP (AN IR RO Gl

he “Sel turing process ca
Dm&g&abﬂcﬂﬁﬂmﬁ&ﬁﬁﬂ&leﬁ@iloﬁn Pélginsidé Snbsoaiek 3 NPV and Solar

R YN G L W S

mQHﬁ&Ete& 8y ?'éf&tehé/@heﬁ'aﬁ ¢n itd ERirdt PN ELke GREEBIBNREY! al., 2005, Progress
conductive or nonconductive material disclosed herein

in RhelprelpieshBessarchrand dwalietionel b A b 118 hereby raornoratedby
refil e KL RAL AR O sy, N

ranspareh con ayer Were rior to
PUMb/DuﬁgGh}SezlﬂdSIZr@ﬂ’RD/Nhal | Depositivared sintilar Swdtures on stainless

I nents, th b or foi | ued o t.he ipner,
foll Brea o baTe SSpROp Fan eele. Saton éto d00H - abitiring
PrBEeR$ RAVarRBBEAS Bdrl AEkiPle QIGE PV éh SBINAEFSH,” DOE Solar Energy

manufacturing a solar cell conprising depositin

Teghradediey Progipay Review Meeting, FaMangfectyringResepich apg %emlomncnt
P032, which is hereby incorporated by reference herein in its entirety.

In some embodiments of the present application, an absorber material is deposited
onto a polyimide/molybdenum web, such as those developed by Global Solar Energy

(Tucson, Arizona), or a metal foil (e.g., the foil disclosed in Simpson et al). Insome
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conducting foil. Next, a window | ayer is deposited
onto the a@ orber layer. Next, a transparent
conductivetayer is deposited onto t hew ndow | ayer .
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30 materials for the conductor are any of the

material s descri bed as a conductor her@i"‘n i ncl udi ng,

but not lim-ted to, alum num nolybdenum titani um
wo0e160318i ckel , silver, gold, or an alloy thBEBEE2007/006615
comgmieatipa vdidtthe ingeripr Sco o8 bakorniept Qﬂhease@moadumljunc&iog In
solfh RERIHERS S OBl A B BRRRporgepgcore
are flibdivitBa chfiductios keRyinvetdrad prividiepetsd ¢dnﬂﬁct0r The conductor

chn| nmponent s t hat haye reference nunerals

° 8?‘%@6@‘1 etF POSDISCEPOBEREI e HRRSPRERFRARMY VE fpyer or

co%ﬁhfifve %Mn%ﬂﬁﬁn 8ito ttﬁlﬁtu%lﬁﬁﬁﬁ;%ed%? PhgldClill P84 s_ﬁﬁ{)&i elongated
0, and 420) are nade of mamaterlas

com slol soswe dmbndme@ts sepbo dindeptos is fbmneldlfgm 2neR squnes thatirgns

lef} eisg A c gslckJ %%rgggate;&?s(glﬁr g?lﬂ 2I g 1s mg;(ajl cahi be Iaepomtcd by
evaPEaiET) dputwhag, scieeh pentingg irtkjebritifive, ﬂﬁ@epretsd*nag, cédductive ink or

circ m‘eregtlally opp03| ng 5si des o[ tubi.ng 1306 as
elyg ysed £9 alfaca 2 mefaliWips, enptheBerts RERee! depaliny 1306 i s

not \aeRANESfiY Embé@e s WP hSw bE WRCRSedL 30 BorhS eTBOHRmEHts, the
plastic or glass in some enbodi nents. Conductive
elotigated gore39 2 glass pbingddving ardiot that suns dangthsasomdhepyter surface of
r
T B
divatpeior &l the ﬂ:ﬂhiig'lﬁeyprlassem c&r}bpﬂlln(mtsl 1he glabstubimpgihas a second divot

3 GRS D GFAIERER T B BB Mgl ook FRipiep, the fist

d1§étla¥1§ 'Ehe L0 diddt adlorPd utnat%ro? efact 6@0&5@9@&1&?&&%&1] SldeS of
where 1304 is a conducting foil or netallic web

the glra@mbmge Imuch ggibedomniss amshngl)e dhe method Aathey wnpslses

T

whible rdlidgBi 4ot Gsed, ;irrcamstbmdemsnmmmfmimreetrmmpafmt@bnductwe layer
conduct i film conductive wr
orioubietuip e, S0, SRRt g JORT PG e floneated

cokd. @ansparent conductive oxi de or conductive film 1304

onto el ongated core 1306. As noted, in sone

enmbdaispp embpdigenis; G clongeled cgE l%ﬁwéw Pryingp firsh diyal that
e e Bl Rt B o R o pSsiting
condunitorgn 180frst dimotgwive taetind moﬂmgnhsomay:mbodlﬁ@nts; thegbiss md has a

nmetal.lic web qr conducting foil I, I ns
sefig it g 0 Rt s blons SRLAIRe pisTaivot and e
se@@ﬁcﬁi%ﬂa\/@oﬂ @REximIe DN eRadt dpEYsite Siraehfeehind e@usof the glass rod.
because it allow for_ thinner absorption layers in the

[nsueh ebrlimews. acepreinglyn themetborhyptheremprisgsciepositige conductor
I

o O B R BSOS LN ol o,

pribt Go ﬁnaﬂemsﬁte:m dfreaisEa remgparcohchnd tdtive Idyaymrcodd@tiae ¢lm,

. deposited using deposition techn e, as t.. of

bR st Bt O ilefle it Bl Prongil BP0 “SliaBle

m&eHHE fstithgcandptur &k ahy o2Hhe matdrahgRieibes o @éorﬂ&btbﬁhe‘fﬂﬁ
the structure disclosed.in Figure

each havin q
inqiyging; lut ne'glerﬁlt%cl OngurEyydnelybdcaim, tapum,s ?eHemckel silver, gold,
orRh 418y tHeYeo?! elongated solar cells conprises an

el ongated tubi ng 1306, a netallic web or a conducting

f oi IFigere 13 dietadlp patasyesofion of p sglar ce 403 @ipjccardamce with an
n‘it&opr Eﬁt%&" ﬁ‘[}tﬂr@eh’y ega‘?héﬁi%lie %oﬁ@ célh 2R B0 gfaEﬂdFHdQ%n either

a sem-con or junction 41 C|rcu erent 5
thel raihmg; sxithod ot Heposiivaltéchoiqnedy @oempdnents Grtmeirefgrehics humerals

(or, 30 alternatively, a layer of TCO 1304 and a

transparent conductive oxideq%ayer 412 di sposed on

t he sem conductor junction 4 The el ongat ed sol ar

cells 402 in the plurality of

:-3
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el ongated solar cells are geonetrically arranged in a
parallel or a near parallel manner the(eby formng a
planar array having a first face and a-second face.
wobbh®/ogézdg al ity of el ongated solar cells is apcaogmooosss
cosasmntlihgtto other embadimentebdfthe paecesht silimationdlklgs 46, 41Beand 420)
35p| ur of el at ed sol ar, l1s are n
sr Bt e e e b BRSOy AR St Ypthere is an
| RRORH QR FREHRA $2A0%4008 6ddonE URBIAAT g SeBwi &l the
In sonme enbodi nent’'s, the el ongr@ied solar cells can be
tubing (eyrsndignlar rihe planepf the paged thet e onjciroyrpfsrentiplly epposing
r
sideBf bl 06 &Y BhusBBL R At REEBA BN G B L2081 B
copduetiat.i Fyr exbmplet abingddaé Esrmaieexf tpiasnteer gl&sadhsome embodiments.

CyfoG e s ELR apseebin he fiet G argonsidivey o fppated i Fiure 13,
[n 6&YhE ERBOIHichE, KB taldueenkiging § R6dd (TWRy 2Me cbndubve materials
plurality of nmetal counter- electrodes such that the
of therpreseranplicativnn die pores eralqdiments,icesdychveywiringd 803 fsgpade out of
m’ t t
<t B PUSREL WeeF BicRE, HARRE AR ol PP R it In
errtblodnmqmm wlm‘re ¢B@Lis miconducying fusldrataetaljc wab,st.her aindud:thmt\mnng
vers or, a,.parti.on of th ace e
1367 herf inep e i b el B et oioRiting 1304
ar@lnd1id élbrnga'&fd YOS ¢l er%%cﬂﬁleﬁ{@ e»ek}eq 304 & £hrfepdrbs bhdctive
connected in _series by an electrical contact that

. oxiderp sendyctiveefiim, the candigtive a\d@ngaﬁ%é inpsprtagh intey thpdixets grior to

de@ tﬁg h}insi;grehp&nﬁ+l£tﬁ«{e ok R Pt'l\yégﬁlm 1 O to elon ed core

Cer- e trode of the secon ongat e
1306 &sneteénbodmfrembedlrrtene tlel metghicerdkbton bon@cﬂ@ﬁlh 1§04 is

o ueitdPag 3% R0 s Hied B p0R e G ondTBi o

13eahodi R0 tehing 8305, NeSRAE bmbeditknnd §RteB 080 At aGRdthilidORb or
in the plurality of elongated 15solar cells is bound

copgyicting &b nipTéRstanse, b seme empedizents Jayer d 041 ddrpiaeeny 20
r l:
cohduchi08 |t Heh oyt s U lta B Rhust 1R IBEBirbidP dbsorption
laysecioibe @rmmmlucmatuncm [h emyodiwients vorere lager 188psattiangparent
el ongat ed sol.ar cell 0 nd such that, the first
cof RTS8, Byt o BPe Bl St RatictndsiTnhitlop 410 and outer
trafspasdnd Bbndalkclive lawolsgiaﬁ: cllbpbsiwmlhlelmg ggpcﬁiuoaltdﬁﬁiqoés. t he
respective e ate SOl ar, ce e . . .
L oS erpapeL of B Snl cation BIBVGS b ol o6l g4 mlvemErisiagyplurality

of é%gétéd SN d deﬂk‘ ﬁ@eatcﬁ hﬁﬁﬁ@ tﬁé%th{:t'hﬁcdlsdlds% {n Hig@EBhehat is,
first face and the second face of pl anar array.

eagh gloggatad awlawdd:ém mb@plgraﬂﬁbcgfpﬁimgateééolgomls cemptisegan t

elaiz%gte ulgg,e 1 oy H'P; ire. e%‘?rl :Péonﬁﬁgﬁllg'fgﬁ Lo?ézﬁ?feﬁtnfggra layer of

TA® mnalrzu)rnfesaﬁa(lfﬂgpmsed 8n xh&ﬁﬁlg(aﬁdgmmmg 2306, @sendib@ductor
_ (Fi 10 mbodi ent
junioinR D Fiitushrcapiay GepoeGon (RS RRTAIiE HED BLhe SPriysag Bl or

altb @GN, W la g o TETH QM hieBa RinshAientRbR&RMAVe SHR la?&MlQQixsposed
The use of a static concentrator in one exe

onghepmipgrucios junctiors ¢ Yoat g elangpted selar qells 4Qd nge plﬁ@hty of

C]O?l Q%Hg?%géggﬁ?ﬁe e I Cl eﬁ (%EE ll@EECI a l%i’ QF pg%lﬁ

thasls}efmlnylg@:plandn errey boling a ﬁzst facaambartelcynmcc sThef pjurahty of
examl a of ass

eI REH e ST 4R TR G o bt el cordidug s e

plirbliguwfelch@ited folat dells arspeidlecascatly comjuativeeantacuwith adjacent
300 of the present application. The static
concentrator 1102 can be fo\rzﬂed fromany static
concentrator materials |cno in the art such as, for
exanple, a sinple, properly bent or nolded al um num
sheet, or reflector filmon
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35pol yur et hane. The concentrator 1102 depicted in
Figure 11 s an exanple of a low WO /"
20081060315PCT/ US2007/ 006615 concentration rati o,

wonResjoslgs ng, conpound parabol i ¢ concentr at or PCT/US2007/006615

el¢ri@@E) soppeelis ol smhoembotimiertCRE) e—ld;r;gated(solaf mﬂs oan bein phesical

colfiet ik oter St i BRE Fih bam Sprcasaaee Rt eried solar
ce®! TIRCIoRr Sell 8REMBBY fRHAG B @araqﬂﬁan 8 thetal @Wlelé%frodcs
Sol ar Energy E |neer|n 1-116, which is
Eagh respoctive ﬁ%@g?}@? a«tléropew P it @p @h@@lth @f dprgatad solag cells is bound
' t
oS5 Gt By RL S PREERYE RS 30
elddﬁn’dﬁsssucletha’aﬂha fit@ 9:tal Romoeretdeongde Hés inhadirdtlgréove that runs

IeRghYSF B TS e S Y A0ge T DG Bepar i sy cppprises
trafbparek? 9B ctrichl 0L RS ElafeSsuBbtrdtdaRe e 411 \0P b hertioR BT Bl TRGRF the

on Photovaltaic Sol ar Energy Conversion, 10Vi enna,
plamgs argyg A ﬁpst andsyond glgngaiesl sl selkim the plarality ofdongated solar

ceE 8% %ch al A c%m%: Eﬁer @{ élgctg&'i]f; t%ﬁl?}ﬁ‘st O8hnects the first

ot ovo nversion, Vie
cledtrode ofthe fst elbﬁgﬁed ﬂ(ﬂﬂ‘b}ell Eatine ﬁrﬂboms;)oﬂ:ﬁ@@c;ounter -clectrode of

Pr oc i n of th (of0) rl.d
RO P e el 1L eGP CERUEIaRote e Erind ing 306 s elass
tublRg oPRRGic2dbilg hBﬂﬂgj 8 Bneér rﬁdn'e pid8s filsowRIed b&ﬁﬁct@f 1302€ In
23" | EEE Phot ovol tai c Speci al i sts _Conference,

somgeabedinEntsyeach reastig £langatgd solarpghl 40%%@@@8%5& %@longated

I

P4 o S AL L5008 RRL RSO iy
of meda cemte-dlerteides such ithas thersteand tmyetal keourgem@ectrode lies in a second

enbodi nents, a stati,c concent at or rat ed
g o 3o SySe S gepa el gy S el W0 R oy e
firkt'erédv@ -and Zhes2Bordbpradie do¢ binchkite 6l sabst@lally %F]&ﬁft@' y of

the present applicatiqgn includin but not limted to
Wﬁ%@@r’iﬁ}nﬁl siges of thepisrreciiye elongatedmpineadl 492, Ipegnpembodiments,

thél%:l g%%g sblak gél SQOQ)S coﬂf‘xg&@@ th &Eélgéj{h?ec@ﬂ%ht fr Uﬂﬁhe first
at | c onc

trator | lustrated in Figure 12
facshrmdttiee sstorsbface ofhaplnarartaie front and rear of the
modul e with subm|lineter V-grooves that are designed
to capture and reflect incident light as illustrated

in the figure. Mre tSQ“Es concentrators are
found in Uematsu et g\ll9 o°f%f°§ﬁrﬁ9 Energy Material s
& S(Hnaaps@@tdd selar celBrin 300 mmobesnernisled o bilfzcizk @0ays as, for

o208, 5 GEAREREERE ey D0 BreiEg) a0 bl o igune o

or NBOE(Rigurs 10} Sn§6ink leBibydinfld ﬁtatﬁfh%hc@mtdrs?are uscd to improve the
concentrators that can be used with the presen

pegfprmanes of s salapcell asseratlicg of the maqﬁaﬁéakhq&fmh@eeo% jof aptatic
co§93'n ?u?tﬂ'fé eﬁ%b&?f&h@&hm&qQQHuk&%ﬁé@mqﬂ?gxkﬁgWe the static

, Sons, West Sussex
comxntmhr élﬂz, svnﬂmpetwre iAo wigd 4 wdrepse thee%‘uc@ne)eomfaexahsolar

ceil rzlsée%n%l &‘b' E&X 'solar cell assembly CD is, for example, any of assemblies 400
(Figure 4), 700 (Figure 7), 800 (Figure 8), 900 (Figure 9), or 1000 (Figure 10) of other

assemblies of solar cell units 300 of the present application. The static concentrator 1102

can be formed from any static concentrator materials known in the art such as, for
example, a simple, properly bent or molded aluminum sheet, or reflector fiim on

polyurethane. The concentrator 1102 depicted in Figure 11 is an example of a ow
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30 5.8 Internal reflector enbodi nents Af ter
el ongated sol ar cells 402 are encapsul ated as
depi cted, for exanple, in Figure 15, they nay be

woabgsapgesl to formsolar cell assenblies. Fi geerweud®0or/ocesis

cohdenhtistidnatixs naniseighlp, ca@hpouas §>exﬁbd>i)c cbathtrasor e@RE))r-tgipmaﬂlector.
W n enbgdi nent of the res pplicatio
A‘é’eﬁkﬁp TPEEAPTIINFaR B 43R the sofay “r?ﬁé‘?g %ﬁ%?ﬁé%%ﬁem
appit@fion SEHRM e iffo UIRA%E @Pbgfytph BRctdrd) & Perdfd and Gordon,
008/ 060315PCTt U82007/O 661 he solar cell system
1988, Jghmirpfi&qlalﬁilig@ngﬁ Engineesingn 4 bt. @ Hd+1d6, which & begsbyand
. i I e assenbled into an
m%?‘foé‘r?{%g%?%gferg& h%%ﬂn 1?1546%m | ongated sol ar cells 402
in Mldaronﬁlekdtlc&sﬁc&lﬁbhtjbrs]iﬁﬁ&aiﬂ by esed ouithi te prebene bppdidatson are

cisgpafncimracsice ooy ioeeedingp pf B P Esrminp ol
Scf%héé“ﬁf'dt ufe@(ln?g' Cé&i%fe'née %Qﬁ’pon}' U@ﬁa% bﬁ 999958 "('Jémétﬁx Jt*&? 1998
unber of solar cells purallty(

Pr@eedmg@f theoBecond Mool anf@@n@ronﬁﬁxo@voll@c Soler Bnermbﬂenversmn
Vl%ler}gb ; gsrbﬁ %OPSﬁnf%ﬁnﬁ/afabléakg ) o @éogl%l {ee%hn (s)%f th%ts%cgnd

sol ar “tel assenb onprises
W@rldJCumfaienwomPhdtmc&mmﬂolar@‘nh@qtmmmixéﬂ4VIeEﬁhe A@stria, pro 1226-

1231 Hamst g ot 0981 Faoesedingsptishe Sapad Ms§ Cuisrescs on Phgigvolaic

SO% ERBY§ CohPer S8R, %nﬁm@smb %V@z@e 250@%\13&%@%9 r1993
II|onreerdctor 1404, etcC.). hin sol ar

Prepskdingssaf a3y Iﬁﬁﬁ)PthWOétﬂmﬂpem@lﬁt%@wmncmm 106% 1072; and
Po 611136, 9 ABACRELURENTOEC 1k AR Sl Gl nc o

975878, eaclhof Winvh csd’reeebyAscqrporatlaé by eefgrende hetebmigpdtsetirety.
conducti ve cote 404, a. hol | ow nonc, uct,i.ve. coLe
(o 0 Saot Gl Benib s AicPREeRgBpT PUTIRIAA I S 18 B yyed. The

bifdBAYsoldp %&lﬁsﬂﬁﬁs‘ira@e@ iR @?%ll 9 @an be &yCHifERI §o|llﬁ c@m%bﬁfof the
mat eri al needed make such devi ces,

prqsemeapplmtle@mcbldmaq bulgeb ligviisd tn apsgmbly 49(?1(Fé81ﬁ§|4) 700 (Figure 7),
t
SORI g%ﬁ%/ 8?,;9 l@)gp%u*e%)ﬁ%rﬁ e()?lﬁgf&\(u%aﬁh n’ghé'\%tf;ts hea&eﬂ%ﬁl‘br Hfustrated in

I've
Fx@ir&lm nsestad lslmy:ts oficbverrglasmoe t&elftomsamieiear oftthee. thodule w1th

oGRSt ) =4 Aovkens 8 oafing B FTBEL P BT of

mmlatea ﬁ@ﬁlefﬂg’dfﬂ rmme cﬁtauarbﬂmh @bhdRMtratsis lavefoundindB&hatsu ef al,
etc. In enbodi nents, internal reflector

20Qb,§4alar§nargué\fl%tpﬂ%$ &pfﬁqa\%rtfﬁq!l Q?aé?ﬁwé%ﬁld&ﬁemﬁtwfﬂé 2001, Solar
T B

refempee W26n B4 aitunwn ddditipnkl sttmg@on@watawl tbat @an bewsef giith the
M aI 1 pum.f o | 9
prisfffepPRigioR Rl uSied P PRagh on RIS lR® S50 Ttfinsingerine
ZOOEﬂgﬂu@ﬁncﬁﬂége@ﬂsB (edenl Wilen& Suis,West Bussex IErigutﬁti,r @liapekriip,
gure 16, Central to _the design of 25reflectors 1404
W}F‘Eﬂl}ﬁé}‘aﬁehy glcﬁﬂ’é’f"’é?dr ByredsreRssi %‘ﬁ’&‘ﬂ ndts epEYpr esent
application is the desire to reflect direct |ight
that enters into both sides of solar cell assenbly

1600 (L e., sidesg@ReradidefNidér dbdiments
After clongated solar cells 402 are encapsulated as depicted, for example, in
Figure 135, they may be arranged to form solar cell assemblies. Figure 16 illustrates a
solar cell assembly 1600 in accordance with an embodiment of the present application. In

this exemplary embodiment, an internal reflector 1404 is used to enhance solar input into
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In general, reflectors 1404 of the present

applicatiofi are designed to optimze rgeflection of

light into“adjacent elongated solar cetis 402. Direct

wolzpggrsosihat enters one side 300f solar cel | BEEESADT00661S -

tha 0@ el systems Adshavamid, Figiso V6, aidngatetl avler wils #fikamldndnternal
e 18 B i AP Sl b8 s o2
insbigr Gil asentty § 60ehaGe couitstelebGdes 426 hadelbhitodet a8 Af

the solar cell assenbly drawn in Figure 16) w || have

illygeda e Ly selar calassermbly i%[’@éompﬁS%S@ri%u sdFipegated solar
cefl@??l SHLetAS Go '1&&-@'&?@5&}1@? of gﬁé@@ if l'th1§‘ Iu.}‘&ﬂ‘x‘()pé;g €0or
rerlie S ol ar

ctor. Thus ecause eac
m@s,alélﬂen‘mwe,ﬂ@%sr morti 19 Q%wrtmcbnegmwmmﬁ Oﬂﬂmné nn¢ miilhien solar

B0 6205 tabeRly 535 SHaS bRl S g wriy of

infeR@ahre@Bctsisd€04.6%Rere is no limiftd fhe ugmbdre inierhalre@dctors 1404 in this
reflector 1404 is illustrated in Fi Eure 16 as. havi ng
Plyrality {68+ 1P eamorey {PC & merg. 0898 moss 1P JHE pr Ry Betweens,000

angl;)g@ﬁulﬁg,q}émg@} lg(p;ag,@ of the internal reflectors 1404
e present appl |cat|on are not limted to such a

coanrglnmaohaowll asseraidyrk6®k mverdalreftactors $404 run lengthwise along

fl
cofE SRR PEElomBEN slitRls i el SO ipaEs. BN rhites 1404
hashapellof cae. Aﬁﬁteﬁﬁahsercéfeloagitai cdrdlGetivieofect0d; shelkay and
nog%g{ggg }Svt§ cg?e?{égr d ﬁatg tg,ﬁi éﬁgg}ﬁ)l de vg%trfi'ggois ?netcl:lgxllyolj;lgtlances

be@éfu@@ft TEREES B0 8o %a@gnaﬁﬁbeﬁéﬁ ﬁ)rlﬁzﬁde sﬁﬁ'f d&5e® rthel'élcgﬁlowenng
is four-sided and at | east one side of the four-si'd

cogip.olssonweEmbodahentty apgnalsef@wcaﬂéw ts. a Nlastig garang with a layer of

i D R IR gl (4 85 BoIRRE) 481 et SRBARG ot Vbl 00T e,

etdh&pbsmd onithkeglagicaasing emtsoﬂmambsbmtsl. el cefleetor |14104 isa

i nen ross-secti qnal
S"’ig fé???a{Padr%é’F‘F aﬁw%&sﬁeﬁcﬁww BHH‘F“‘%‘F%@O g}ﬁw ﬂc?qeleg@?i etc. In
so2B embbéienefs, inb@ndl Gdfectol B0k 8 aQ8Eal TR BlabG\sing baRewhish is
circular or ell I£qql cal. In sone enbodi nents, a

laygragsmetatioildene Exmmplarpmetghfoiliaegs pegludeebutars mat limited gy 3M
ur ald f
LR A g G ERFRhEA S, 6 L Ry o
alsiame foiktapad3d9 @M $tf Beat, M) f hoenanefldemril A4 canaddopt a broad

rargh o BN, gty SREPTich B Bl in Bighig BT QL OB desiem of
refwctdrem iR i AfefRfred BRbSGMentSIfdR6deabSpHeaioh the desire to
shape is the involute of a cross-sectional shape

of
refiget éllr%aﬁbshtéhﬁt@mesﬁln@é?qth gdes of splasesieaseanpivyiil A7 ., side 1620
ctional shape of an internal reflector 1404
an&glﬁé% i ded, three-sided, four-sided, five-sided, or
SI x-Is gdedal efle@Os AAR4 eﬂb@dremasphcam:rarsdesgmﬂ itootimize

reffA TR AEbef Bitp BAUBRRR clohied et sal et dhifesh bl s ore side
of e6ler Gildeseatbly DeOU @, 'sﬁied@do ,Gbeeesthe plahe 0Ntk sslReRE adsSembly
f acet ed. Addi t i onal featuref are added to_ the

drgvg IRBBF dOiagHeR Yy SO Ahun oHeTes B@é’t‘?‘&ﬂtcﬁﬁ%mh“ side of the

soﬁgb@%@ sfdcol@igﬁtt?c‘ljovﬁme%ﬂan‘é%lflt& 02 cdiNas3@RRy drawn in Fxgure 16)
enbodi Irent s. dified reflectors 1404 are E ui pped

williheye beestrxtﬂmgedrcéf dlercurfaes. pnoprae embedisienishihis surededent
LaHbQMan,' o dl%fsee&t dn\’ﬁﬁllc}iutre ?cf:flle%&tre %us, because each side of the solar cell

assembly faces a different light environment, the shape of intemal reflector 1404 on side
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off the side surfaces 1610 of the reflectors 1404. In

sone enbodi'nents, the reflected Iight off surfaces

1610 does not have directional preference. |In other
woohkadisients, the reflector surfaces 1610 argcfesidi®dsis

Iﬁeomytﬂeaﬁfférbﬂthﬁfdmdeemml ght is directed towards the
el g&g@}%‘ %ﬁéar cell. 402 for (fptl ma) . absor bance. 30l n
g fhedniemal eflgctelo 04 ds illypiraiet inddgira o arhavingA
syfrﬁﬁén?&d‘l ?Jur-%i“d@é cfRsls &Boﬁéilsﬁaga% Nhe Slo0N&tRtiSEN §}Qilp@ Bf &1@ llljltemal
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igure 1 e concept of diffuse reflection can
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o R0RGH bl SLIGST 18R adRRelLAt,sL SELECLh AR ihBndPLhRSg.
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shiBe Fanigited dEBERUADL. UPRInd éiﬁ’bd?l'ilﬁ&it@ alcrdas QRSloh4l®Rape of an
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inipamat eiffeedrsi 1404108 foat-sided ofd 4t keassonefale of th8fewrtsided cross-sectional
hrefl ctjqn nodels the light reflecting properties of
SR RYP°6¥ i rror-1i ke surfaces. In contrast to

s pe Al ddionabfech@edsisoadde@ td M6 réfotodf 1404 Qv erihagiel ﬂlamctlon onto
such as cl ot hing, pa and t he asphal t, _r padwa

adjasentelangatad goler calls ﬂ@ftwewmerSe @ﬂpdjﬁeiwélmoesl 404 are
quflp%djaﬁh F })ﬁ%}e'ﬂ%h\fe LiJr i shctBhat 1}1&1'&'& equgfffl:ftwlgl réflected
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refléct@GLiBRS 16IRaRalksighedasich tHatlie ReflecRD light it ARedet fofaRis the
IS not dependent on the position of the observer or

elongaied yalar ¢l 407or eptinaal pBEpThangHt (e.g. the position of
the If 548 eﬁlsgdlﬁeherme bincfdtlrawedd afnflhlt%ﬁlaf eﬁh&&t 1499 and an

model s the |1ght reflecting properties of mat
adingerftabmgated solar ce it prayised b lap eddiganal ad&pémelsecﬁeﬁu@mn adapter

plé)cefhals \I?.Lg'FW \f\%a% led! ?‘ﬁp ark S& 189:%5&918 %Qﬁllecﬂé: ?nagg{ crfi}&?rg&lgﬁ%ﬂectors

SUT I'S"M Crosco

1404 aswelah elhagatecl tmarmndmmmqmm prlopxdla attilght Bubeseguanth
efl ectipon of a.bea ht, from
OB o S8 e R fehAgogtat FBHS atf (e on fBinR! reflctors
14?% gﬁéth@xr':@nmlrﬂeﬂs ftheusRpioe bleedldré Bx &lo1f A6iyated s@lar cells 402, In
N I gure
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25 17B). Diffuse reflection originates froma
conbi natioff of internal scattering of fight, e.g.,
the |light i absorbed and then re-enitted, and
woelispkdsas scattering fromthe rough surface pérabmoricossis
addijoeaitembodimentd, drevenbdction baiveearcdlomgated|solas celis 402 and reflectors

odi ment s cor dan with the present
1‘@%10 %Yé’ﬁtsFSWd‘%‘ﬁa PEeleogaly Gpoineshlsr B0 s a
Lantysiitieanl fle & dre Oh sbide SMbERMENtE B fcorddnddGuidlhe pFe'séHt'r e
17C).7 A Lanbertian source is defined as an optical

apgbeatioe, théside srbags | o Hholoeflepiard$0his a4 diffiusei reBecting erfach feg.,
1 6?@ éﬂ g{gg{é:llﬁ?%/ 'ggné f\;ﬁ%%nﬁf ?{fIﬁBQ ¥etffe c('i'&?eg L)?cger %8}%%&%&:8 (mth a first

S Vi ewe
undersanding of specalat refibeion Spe(mll&rfra’metubmsﬁﬂeﬁhem tlsreflection off

surfacg that provides unif ffus i den
siogH SHREES SUgh#5 HTAS ?rtaschag“r)g;h WRIE] (o4 rhg{%%ﬁer%urrﬂéﬁ) Ona
spbdiar S@TRCel Rolithd reﬂbét@&fnh@:ﬁ&nﬁﬁ@&ﬁé&ﬁb&@fth& réfRBted Bay and is
nmeasured (e.g., radiance is 35i ndependent of viewn

attgrigiesh byantamaunedengpéant uparathe prysicebprapertiescef th surfaee. Stnce the
i EERLEE foAHAL 45 ck s 0O RORIRRGH AAOT RYIRE Basiion

area b neas
of ler dbeatven(edi, fthesositipnsaf nﬁﬁimgateheohameéln 402)ydetdrmiriee the

petssfe B TRE AT S b sl SRRt 0o ioR moBB A et Recting

prépeeiR R e g br infPoriie 5Bt fades, H"&)n&ﬂ:ﬁ ft@%culiﬁhﬁﬂectmn, reflection off
bri ght ness (I um nance, radiance) of Lanberti an

roughy susfaessspeh eoriething: papey an@ﬂ@@gpha’ﬂ wa}devaa Aepde tor 4 different type
t
of 1 egﬁ%% dlvgxné’s'scﬁ reﬂtz(:'gon guxji[)gajjeﬂ bt 1h Féené togﬁldifﬁﬁgs
refléctibe swrfice di neﬁectteabmally\hezrll diretiomstand $9 atgenmfted by sn amount
defined a

depHieticipah thd Bieiosl piGperis o Bt sheste, Sics 2h jsRenbied eavally in

allafeehdha @H@pér&l@hﬁﬁﬂnaﬁ(}& 65the Surkaa¥is ek ﬁéﬂen&’em on the osition of
Ln(i.)9(i,1) cos Oncos 610, 10where co(Vv-

the;esetyer origepikes of sheyreflegtasidight (4 & dhepsitiop @ H}emﬁvd solar cell
d
4032 SIPifﬁ;%é %g[g%l ﬁ{ggbﬁ’elé fhe Gighi rgﬂ?crtg\é tpﬁbg@ﬁfés Bmaﬁ @&Afa%e; e

els Bow;". vect or
pr odRittuisef rofleation sutfhess refleehaft tlghto'flthtrmshreeﬁdmé d@@ndenghfor the

8, AR il g o e s pessos e
upbA fHeeiibieq et vgtfeadon oﬂ&&mmxgha nfmpmttligaﬂfrsmrafsﬁngee digesonal
so{llr%g 1s| rgtslgctgdngff I1nné§:lll gl?eréttlorllsl ona dlff?lse rehectmg sur ace (e gem704 in Figure
17B). Diffuse reflection originates from a combination of internal scattering of light, e.g.,
the light is absorbed and then re-emitted, and external scattering from the rough surface of
the object.

Lambertian reflection. In some embodiments in accordance with the present
application, surface 1610 of reflector 1404 is a Lambertian reflecting surface (e.g., 1706
in Figure 17C). A Lambertian source is defined as an optical source that obeys Lambert's
cosine law, i.e., that has an intensity directly proportional to the cosine of the angle from
which it is viewed (Figure 17C). Accordingly, a Lambertian surface is defined as a
surface that provides uniform diffusion of incident radiation such that its radiance (or

luminance) is the same in all directions from which it can be measured (e.g., radiance is

independént of viewing angle) with the caveat that the total area of the radiating surface is
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radi ans, og the illum nated side of thg ‘surface.

Mor eover, a-Lambertian surface enmts |i~ght so that
wotzh@msomﬁace appears equal |y bright from anypCT/us2007/006615
larger than thgmreatigang measuredual prOJ ected areas radiate

equ flux .Th h.this is an . .

" doarn EIRATHY arust LIRS e siEyic AP Mebllriepolnffha aiyen
dlieaﬁdnefrémany 2flals burfare eompsneheis propaitivdalb the 0@51|r13369fhe @hgle of
th g ny fu I t algﬂet: Q@ér?tlgeéré {%llﬁs’l%%%?%%lﬁ?lgq ?g)?g&q,gxbeman surface
is B5HR E‘Jd%ss b18e Eu?%é 86HARNGEL Rs Aed@TDerti an surface

may |gher than 93% In sone enbodi nents, the

ref Immﬁa@t htdl bwikbes Laaberfiat dupfice (Finard £7¢)ai0 reflditirin

93% Lanbertian surfaces have been wdely used in LED
diffesnighiretonsr Whentehopiténsity et/ iid dafmedag 7,0 rthe intansiex Gerg) £, ) of

in United States Patent 25Nunmber 6,257,737 to .

a RHeaerblight v ean e definidias dolrvngin aoeardance fuhdyabert’s cosine law:

6,661,521 to Stem and United Sta =) Pat ent Nunber

6, 603, 243 to Par kynlm,,(w)&@(l) whi ch—aie her eby

i ncorporated by reference in the|<‘1°5%mt| reties.

Advant ageously, Lanbertian surfaces 1610 on refl ector
wherg £(&f J sét steﬂmy ap@ |, derelatednihe syrfage proparee tThQ nacidephangle is

reflectedllég is then directed towards th
deép%@saﬁeoané coiefleipd angie Bg9TRGS 2 han D8NG dheayeciog pt product

A A S A1

application, a surfac 10, ps—refl ector 1404 is
an involute surface o?‘""me é’lqbggat ed solar cell tube

wti’e@e’-n deRofR IR eQHDAMN 1985l td he LamBaaa affsel ar cel |
tube 402 is WD 20081060315PCT/ US2007/ 006615

ci r dcha Lembagian swiface doeg not fese pry: tnexdelstdtghh@éxameq,dmr rg-emits

it ga?lztfﬁée %B)Ite Igglhdeﬁ“l}/ggévsgfnﬁl P En ?adgaln% C%:ﬁhe( igB.guna ec}e cﬁ' thds surface.
Ma&otrehea pambertisrpaefhcouinitbligla sp than theenrfa:eappmrgéqually bréght
that rolls around a circle., For t he inyol ute

frogp asy fireckiB OB 1hEAtH RHGICTE ATFHS RORT BUAh MO a! Mmincs flux.

TH(:)'uéﬁ Ehxs Rlah 34, Fanly réd gmtf&egaﬁ%a&h it FoReapl€ a [RAMRARN
5extend t he strlng o) s tangent to the curve

suef@cche bssraatedoyithng taa@rmfém’usewhuﬁ daingy The reflectance phgpch a
t [
oA UL i A5 01 T8 5L, B s o
Laaitgution sifjcd mayxhd hlghlerttlml 93%.olnsoscgmboligentsi @liemdilectance ofa
LU AR ) e DB B3A, 1R R Bt Dty e
in QMR daignao VR d}ﬁ&u@edmuﬂuﬁn@:v Q‘wa&mpletm mﬁted States Patent
infinitel involutes . 10 correspond

Nmbar ST o Meeshalbeer i Dnidd H8PHESSIANIRES 666 bS2hlp Sterm;
anﬁ'lﬁﬁteﬁ Sl NAEnbRS 6 BHY 28140 a8t bszlO Ridlichi e ﬁérlebyt he

tangents to a given curve. For a’'circ radi us
matrpsa'agcdﬂawéett:pca inshayertiretns. can be witten as: 15

Advantageously, Lambertian surfaces 1610 on reflector 1404 effectively reflect

light in all directions. The reflected light is then directed towards the elongated solar cell
402 to enhance solar cell performance.

Reflection on involute surfaces. In some embodiments in accordance with the
present application, a surface 1610 of the reflector 1404 is an involute surface of the

clongated solar cell tube 402. In some embodiments, the elongated solar cell tube 402 is
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X =rC08/ y =r sint Correspondingly, the
paranetricequation of the involute of /the circle is:
X, r (cos t~+t sin () y, =1 (sint -t cos t)

WORP@ U605 and i nvol ute are reciprocal functi oRET/U§IHE7/006615

cigoylsF gf Reap pirger) Redreipresupice! @Orl%wéfqr@haﬂlé iiFvgfuge of a circle (e.g.
f
O B TRETOTACORERI, {0P IR 60 AN TR Suc by o
poantamyA Hraight fiheathht dolsgronst 4 ao:ﬂc)rF qrigramhpld, (B¢ atvebiteReftaantcle can
nber t hereby incorporated b
bqdip 08 MHEBRAREIERY: it BHERANTTE BAPoUL AR AGE T SO
ext@dtBE§thg SEEMhbCIe i thiideht 18 GheAvabedst tiRAIoRRof BldERMENt. Third, wind
4,641, 315 to Rose, hereb i ncor porated by reference
thy &iFigR NP keeping Hewaysaaup) | me@sho thispaeg put by the end of the
r f [
st L2801 it 8] Fpal g AvhIUR dr R Urldiph e 1 802 e
orgdinial cirelnd §02 R5hitedrhgevadutd 88its mmohutetcetrwall 80#ef | ector
1404 nnect e sol.ar.cells 402.
Dot VB SR & et Py uRaH S S nfBues sy gpetues
codbidn@lhg!t® diffegdt blditestol enifid) ipbinhS AR mwz,lha& EAHBI e thought of as
bet ween the shapes of the elagngated sol ar_cell 402
any cyrverpsthegrpsbtog! the tangerdetoq giyeicairves fHor afirglp af radius r, at any
Si de surfaces 1610 are
mgg?é{t aﬁﬁiiaﬁc%ﬁ%%?g?hey are the involute of the
circul ar el ongated sol ar X8FFo402. 30Advant ageously,
the invol ute-evol ute desiga ,smposes opti mal
i nteractions between the side surfaces 1610 of
Corefspactingly, tﬂﬂﬁMamﬁch@mtiadbﬁﬁeMvo@hton@&be'nicls&ﬂ ar cell
402. Wen the side surfaci 1610 .of the reflector 1404
is an involute surfacéicdr ?Q§§66ﬂ8f)ng to the el ongated
sol ar cell 402 that i syadj(siaentcesr) attached to the
reflector WD 2008/ 060315PCT1US20071006615 1404,
Evalghang mivbluts e edcippedal fuaktjonst The laeolitene by irevolsiter g acpircle is a
Ci[icp3 a direction that is optim zed towards the
ongat ed sol ar cell 402.
Involute surfaces have been implemented in numerous patent designs to optimize

light reflections. For example, a flash lamp reflector (United States Patent Number
4,641,315 to Draggoo, hereby incorporated by reference herein in its entirety) and
concave light reflector devices (United States Patent Number 4,641,315 to Rose, hereby
incorporated by reference herein in its entirety), which are hereby incorporated by
reference in their entireties, both utilize involute surfaces to enhance light reflection
efficiency. .

In Figure 18B, an internal reflector 1404 is connected to two elongated solar cells
402, Details of both reflector 1404 and solar cell 402 are omitted to highlight the intrinsic
relationship between the shapes of the elongated solar cell 402 and the shape of the side
surface 1610 of the internal reflector 1404, Side surfaces 1610 are constructed such that
they are the involute of the circular elongated solar cell 402.

Advantageously, the involute-evolute design imposes optimal interactions
between the side surfaces 1610 of reflectors 1404 and the adjacent elongated solar cell
402. When the side surface 1610 of the reflector 1404 is an involute surface

corresponding to the elongated solar cell 402 that is adjacent or attached to the reflector
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In sone enbodi nents not illustrated in Figure 16,
el ongated gol ar cells 402 are swaged at their ends
such that the dianeter at the ends is tess than the
wodbogaBizey towards 5the center of such cell s.pcTs2007/006615
1484, dpht wileds dif&:tizele off the atolmre dubfaseinswhigetitbnethalds optimized
S ﬁlﬁr [ 1 Asaerrbhy As illustrated in Figure 16,
towayps,the slongated solinte!ld02y a1 ity of el ongated solar cells

402 1Rk OanbRliheRahdnilatRage Higuit 1, Bidh tédeelola@%eusem are
paral | el manner. In some enbodi nents, e at ed

swagdcRl deincade il ths he diamgtsr atheands iess ﬂnfw digetegtowards
th ﬁFe!’r bP&n cé‘nsseeﬁ%d&%ﬁe?m% ar iée‘a'@btﬁé%%%%@a%és rat her

rmng a conductive core 4 ode 404
[ s é’oa‘ah |Gall ldayeerblhof Aninstratetbip dSgure 816, olaacedis ks the plwealit) 8f

e\ BRI T Ber i AEh b aberih SHYE S e gREpTel manner
In §6thé &nﬂ&ﬂm@ﬁ’t@ elihgiel CBRRE1 FOMRe 10 Ia.ﬁa( Ofth€ Budll My@r cdréy
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g P e
exaragle, mtﬂrglreﬁlﬂ Iibsamfic @hlmdgatresj tlmctbmmd&hﬂs f®Pngated baar cells

tri d umbakele ode 404
403 i GPGpRe 4R do HEIR U Bt e, SOnTen Ty which
elop@sikd SdiCdenade ikévhstructed out bflarﬁl(ﬁﬁ@f c@mﬁshermfratcs}lmc&@ﬁhsubmte
internal reflector 1404 connects tQ two encapsul at ed

403 peshfueler cost rclcelestiodgdf4) reads of mplyhdepwn. Brssusbg cpse. the end
of EI'OP%J &fssoié ef QO%% bef péﬁ& gEﬂ% % the rﬁ?cﬁ eﬂ?ﬁﬁ‘ '3 k—elcctro e 404
Strated 0 ongat

ure ecause
an@dbarodcwosamBeZelaﬂacémosumcwI\yitlﬁchaqueddq 4&40 a
single co si.t e devi,ce ' ctrodes 44
ot I Bt RSl e Bremtal ek FAgopiee i o0 FRoapéitted
elong@ived sothadilseoy &.g | dtbRigdak 30e{d Eigles lilﬁlhct Eﬁ)lf%ﬁéxaﬁilﬁe in the
connected to encaﬁiulated sol.ar cells
managrdHusiraiedris Famyrg He Becapsepd thiselongated 901@1@115 11?2 g gifectively

joikdRd J@H%lé coﬁlf;@slﬂe REERS. AhirfhlRe (l’@ etlé'b?roaﬁaﬂﬁ Qﬁ'{eﬁ@ﬂ}e COEnect}on

casing 3 are created to conpl ement the shape o
fropmbask reddctrodd 4@ tlosomaembadiownts] inttomd mefleomsunts 1d0bare

cobd BB REH AR RREESIOSo  R50 op 3 B cosne 10
In hﬁha\glﬁmcﬁ{ngnth Mhe gxgle:ggmis @té;elfbatsa;isperrem ehdngg glgfhre f:rﬁgtﬁ@fﬁa
cmag@gwgb Lge lging 8?{ erlytefrﬁgr%@sﬁﬂremlﬁ 104" Bideqi@tons o transparent

cadiit SI0AL usAfth @&:‘k% oh’é‘interﬂa‘} OhicRRA uhif ¢4m%§ﬁ$smoned between
encapsul ated solar cell units 300 such that sol ar

thertangi cacanshlated Sp}abpféhlwﬂ{ bt somer esebodisugntsl sdhenive materials, e.g.,
ep%@rcﬂgg %eaﬁs%g to %}%n eeé:clnngcl.?fohs? b%grgerr {BE rﬁ%ﬁ@ r@ﬁée?d} ‘unit 1404

sone enbo S I accoraance w resent
andpeladatnt@ncapsulted salbr cefifunés 800 suchitiiat Mlﬁih'adnldort a@roperly

a ar casin may .be.c ed. in the same
refl G R RA D e Cocar Bl SR i A08 ko aboliiad « ocmat i ng
t he If saRSHAbRIMhema & fdorddsbealith @8 bedbd apRfch®Gd, Hitdmal reflector
1404 shown as 1900 in Figure 19, can be made

unid 4gd @ﬁ%fgp irapprisBLsasmEnP may be sfrgediip Higisame molding process.
Fop?:gﬂn{(:ﬂlé: %'aﬁg oFRYerifing WCrdrSp A1 206K 3 REund B0 reﬂetctors

from he I nternal 35reflector unit 1404 or
1404, et sbohe s 90K inthigury 1 Bernbe madhes 4 singls pempaosite entityng
Ad%%t%n%prgloai%gations may be done to enhance the albedo effect from the internal

reflector unit 1404 or to promote better fitting between the transparent casing 310 and the
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10iedusi o 089 Eiord BhEpinereal CUGE P Baoisim A0 B mition
inte@aPle@B&Srsi 1804 Aed theRMdihg SieyeNd for all purposes to
the sane extent as if each individual publication or
pat ent or patent 10application was specifically and
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reference in its enﬂB@WWCl%ﬁp Pposes Many

modi f j catl ons and vari ations of this applicatjon can
be HeoBEiERFICRbEHedNsHIR pieARCORBHEY b@efgﬁawfiereaﬁ%mstbﬂb@nrety
I |

e Wt WO Each b VR0 LAY pay e paten
applegatiof wax amvpiﬁe:atbn hyd indivitiuateindBateg td baincenpoiatedtby rb’*@rcnce in
L limte the terms of the appended cl ains,
ltsgf'{é}r?é’ t\dﬁr p%/li?g il scope of equivalents to whi ch

sucMayahedifiedtiene aid ¥driatlons of€his application can be made vnthout

2008/ 060315PCT/ 1JS2007/ 006615 VWHAT | S CLAI MED:
depating fremifs spijtand s5APE asiWil be apparent tq thpseskillsdin ﬁ@@m The
sp&MiermOd dithe € lbscriBEPhdrSh At ofﬁr&i&ﬂ%iﬁé&xa%@oﬁw afd the

least a portion of said substraté is ri
application is to be limited only by the terms of the appended ¢ alms along with the full

scope of equivalents to which such claims are entitled.
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nonpl anar ; back-el ectrode circunfer er{ui ally
di sposed or@t_ he substrate; a. ‘
sem conductor junction layer circunferenti al

I
W\%P@ g i d back-el ectrode; and PC¥m52‘!97’006615
- E‘ ductive layer circunferentially
di sposed on said sem conductor junction; and

(B) a transparent casing circunferentially di sposed
lodt Wl gl vy eomprisingal shaped solar cell. 2. The

sol ag,cel | Wt aof ¢l ai rein the transparent
casi L%)C% %Olarlfggll(lé S%@ 38%52%1%0%&“%%355. 3. The sol ar
cel | uni ta afbskedtai whetein ahledse a pottior of saxhsubatraais righd amig
conprises alum nosilicate glass, borosilicate glass,
“B‘?Hgﬁ?bi c glass, germanium/ seniconductor gl ass,
gl ass cer apick.cletrodé @t @miferbht®Y diipbdcd In WeA@Bstrapda
lime glass, quartz glass, chal Cogenide / sul phide
gl ass, flasmhemdyftasiinctidn layer girepnfereptiallyadispasason said
b%@éfmodé.aﬂghe solar cell unit of clai m 1, wherein
e transparent casing conprises a urethane pol yner,
an acryl i eirgsparestrconductive ayepdtcymiarentially dispased en sad
silicone gel, an epoxy, a polyamcle, or a
SRYPQRIVEROF ANCUaR afhe sol ar cell unit of claim 1,
wher g ardrROSRR QRlung@ehtRdy @ el 98 said cylindrical shaped
pol y%e)?hti/#ﬁ%téhigcr ylate (PWA), ypo y-di met hyl-ysi I oxanep
sqlapel) . et hyl ene vinyl acetate (EVA), perfluoroal koxy
fl uorocarbon (PFA), nylon, cross-Ilinked polyethyl ene
(PEX), polypropylene (PP), polyethylene terephtal ate
2 9The solar(cRE L) of glainy | ewlicaéih ter tesnbbaydnt cainpRT frlagle of plastic or
pol yvi nyl chloride (PVC), or polyvinylidene fluoride
Be¥WVDF).” 6. The solar cell unit of any one of clains
1-5, wherein the substrate conprises plastic or

- gl ass. 7. The solar cell unit of any_one of clains
3.1The salgreeB ivpit phelaign bewhaein thegrapspased capnedomprisepeal yninosilicate

| Qs ot f [ it Of f i :
of Rrginfes R, S04 0L BBl B RIE R Tl P coramic
siBeatd hfasslodilioa ghesk) sodalitne@lass nyannglassf chalcagemdel/-sB]phide glass,
ﬂm%eiln tgre ﬁubst rate go rises alumnosilicate
WSSl PR I H E BIP$E5%5 di chroi ¢ gl ass, ger mani um
/ sem conductor glass, glass ceramc, silicate /

fused siljca glass, quartz-glass, chal cogenide /
4stibpsnlareclpais of claing by Wipaely theEansprgit sasingraupgises a urethane

i JWycl —_ald : I . anle ) a
PAGE wh Soryhic bl ARy R SR i fone . an PR
palybsitleatre polyotafimul ar shaped and a fluid is passed
- through said substrate. 11. The solar cell unit of
claim 10, wherein the fluid is water, air, nitrogen,

5.0Thd\@larle8l] unil 3f clding 1 Sheéin €& transjptirént OdsirgdonprigesOf

clainms 1-11, wherein the substrate has_a hol | ow core.

paigmetipimeihaceylate EPYMa), polyrdimethyllexape (RPMSethylane vinyl

n g {
A e S e P
(RERD) opayprrpptlenet (BP Wmolyethtydene terephdalate glyceli (EREG),

| af | au Si| Vv I N, al,l eqf [ .
pRlst s P TERS POy B bl GV 3Rlpoly i Ahe forice
(pvF)of clains 1-12, wherein the back-electrode is

made of indiumtin oxide, titaniumnitride, tin
oxi de, fluorine doped tin oxide, doped zinc oxide,
6.2 BN+ ¥l QR Of iy nc@ficiems 93| WhereindePe8stZitdorfptisdSplastic or
boron dope zinc oxide indiumzinc oxide, a
glasst al - carbon bl ack-filled oxide, a graphite-carbon
bl ack-filled oxide, a carbon bl ack-carbon
bl ack-filled oxide, a supercgnductive carbon
bl ack-fill ed oxide, an epoxy, a conductive glass, or
a conductive plastic.



15. The solar. cell unit of any one of clains 1-14,
wherein the @eniconductor junction conprij ses a
nction, a heterojunction, a heterofac
W‘Fﬁ[ﬁg’b a buri ed honpjunction, a p-i-nj u%gtT{UoSZOWOMGIS
a tandemj unction. 16. The solar cell unit of any
70 The o3larcdediuiil of adyonedfelaih 1 Shehéreianhpaubstrite comprises metal or
conductive WD 20081060315PCT/ US2007/ 006615 | ayer
@¥%es carbon nanotubes, tin oxide, fluorine doped

tin oxide, indiumtin oxide (1TO, doped zinc oxide,
al um num doped zinc oxide, gallium doped zinc oxide,
8bdhesolatael upitio€ ankontefichiths sz whereintheiaibsirate pymprises soda lime

onbi nation thereof. 17. The solar cell unit of any -

e of claims 1-14 or 16, wherein said seni conductor
junction conprises an absorber |ayer and a junction

tner |ayer, ~wherei djuntlon tner layer is
c.TF- shieel vt af Ay m%%&%aas b> WEPENABE B EATe pofpRKses
mo-g[gi%at%%'la% Hofdsilicdd pgﬁas@fdlmrﬁb @ay MR Pse%ﬁédilductor glass,

sor [Fayer 1s copper-indi umgal |urmI|seIen| de and
gbaa Qstrqlmn,cmlmate /pfasqdrsdrcalgwa quarkz glmséalcogmw sujphgle glass,

Zn In Sn02, ZnQ,
ﬂ%?resf%,.gl%sﬁ’ aoggﬁsé'?%‘%hcngk ke %“ISDE ag%%?@é&éﬂ%gﬁt of claim
17, wherein said.absorber |ayer is between 0.5 pm and
2.0 pmthick. 20. The solarg‘éﬂunit of clajm l?!‘?
IQmEbeesoﬂﬁraeléswﬁeE@rtmﬁOf sl b rgit styae i 4yylar shaped
RhiRg z’[s@ﬁ%du h B4l YWeRAE. 7 and 0.95. 21. The

sol ar ce unit of claim1/, wherein a conposition
ratio of Ga/ (Il n+&R) |n sal d absorber | ayer is between

BRSBTS B i Bt BB o et

<110> crystal | ogr aphl c orl ent atl on. 23. The soI ar

lggjﬁllgﬁ. q%galétgel%;@(élo | m e ogvﬂer g 1}:’r ab|t ogﬁgg%#e@}/agg hollow core.

orientation. 24. The solar cell unit of claim17,

wherein the absorber |ayer corrErl ses CIGS that is
13.ahkbosolay colul ummvé@ny ome®f clpines k-dEawhezain thelhaick-elgetredeys made of

one of cI I
R

tifkhinpn sed, ﬁi&kaapldu&em sﬁoadgmtl cm dllop therenf], axnady Mmbleatmn thereof.
the transparent conductive |ayer is disposed on said
intri nS| c I ayer 26. The solar cell unit of claim 25,

1YNEESIohr B uhif bF é:%sérfé of dlifihs FADPRASAR (1R bR eREFodeMOmade of
20081060315PCT/ 07/ 006615 transparent oxide.

indivm tin oxide, titanium nitride, tin oxide, fluorine doped tin oxide, doped zinc oxide,
aluminum doped zinc oxide, gallium doped zinc oxide, boron dope 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.

15. The solar cell unit of any one of claims 1-14, wherein the semiconductor junction
comprises a homojunction, a heterojunction, a heteroface junction, a buried
homojunétion, a p-i-n junction, or a tandem junction.

16. The solar cell unit of any one of claims 1-15, wherein the transparent conductive
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27. The solar_cell unit of claim25, wherein the
intrinsic |ayer conprises undoped zinc oxi-de. 28.
The solar cell unit of any one of clains 1-§Eiﬂﬁym'mmﬂ5
WO A8 1Sconpri sin filler, layer circunfer I {060
- lpyeE pRs oD ean DA 5B PEAE. {EORBR AR B |°§3¢eflpd*um-gn oxide
(MRB! &dpd S xidk ANSRBNANopERSHhOBKiHS palliuMUThES SRE bkt Yhoron
di sposed on said filler layer thereby
dope dundademdival-ipe oside pnapysaimdinggion terepGal shaped
solar cell. 29. The solar cell unit of claim28,
wherein the filler |ayer conprises ethylene vinyl
1ACTh@dctar(ENAhit oSy &RVE clafihd 1-CH 0Ll ) ehereBivaitysemiconductor
.pol.ydi met hyl siloxane (PDMS), RTV silicone rubber, .
TypetioR, sampriseyan4bsproprioysr and A ginehon pREaYs) Wherein said dunction
: j or opol yner,
pirhiey daye PR ARICHGER, epcRt] GFsald il st P21 T 26,
wherein the filler layer has a viscosity of |ess than

106 cP, 1. ;The.saol.ar.cell .unit of ¢laim28. .
1 pdioerierl vp pr lpint 1) SRt iRk QP oo
dBxBmas hesaid jugéttat riFtnémayer 508,5¢;, 16,56, 1488, Z8%, CUS, CdZnS,
solar cell unit of claim28, wherein the filler |ayer
Zg s FaMEGrs P IS Cor A LB AOREZRCa. i el ect 1 ¢
gel. 33. The solar cell unit of claim28, wherein
the silicon oil is a polydi nmethyl sil oxane pol yner
19.i The shlardl! thié oficlaie t1, mhereifesaid abserbad Inyayiebasween ¢.5 pmtand 2.0
skhj one el astoner and a second silicone el astoner.
HB4M e solar cell unit of claim28, wherein the
filler layer is fornmed from X% by weight, a

ol ydi net hyl si | oxane polymer liquid, Y% b i ght, a,
2(5-; T%qs'oiaucpﬁaﬁ%oéﬁw b ?reah@cé%swnm‘fogmqu%@é dhepid
at%é%ﬂgi?ﬁaé}@ri@'bé%\l& Fan@se X, Y, and Z sumto 100.

sol ar cell unit "of claim34, wherein the
pol ydi et hyl si | oxane pol yner |iquid has the chem ca

mul SEAL.SI X CH3) 2] nSi A IS R.

21 ofiecBr Crbn gt i Bk A o e O ey i
abizaenlayavie bageehRlentiosicosi ty that falls in the range

WO 2008/ 060315PCT/ US2007/ 006615 bet ween 50

centi stokes and 100, 000 centi stokes. 36. The sol ar
2E etihe 46Mrlce®{inie bRt 1RnB 17, WHIRAEIRE abdtfbek 19y8L cobpris&OORSS having a

el astoner conprises at |east sixty percent, by
<WéPmystalltigrephieydrigriipnt er mi nat ed di met hyl sil oxane

and between 3 and 7 percent by weight silicate. 37.

The solar cell unit of claim 34, wherein the second
2% i Thecwoie cell asit ofelaine Uhypvhiessdrsthe @bJortmt ldyensimsisas §IGS having a

rcent, b i ght, .di methyl vinyl-term nated di net hyl

< ﬁ?ﬁ%&ﬁ@k@%wp§<%§?§ﬁeﬁ ten and thirty percent by

wei ght hydrogen-term nat ed di net hyl sil oxane; and

(iii) between 3 and 7 percent b% wei ght trinmethylated
24 Thepswlar 38l untihef daiml 7, adiercin thie mbegrbes faypheozap Kinthat is

i twe 30 and 90; Y is between 2 and 20; and Z is
m%éﬁ%ﬁ&ﬁ$3§£ghd 20. 39. The solar cell unit of any one

of clains 1-38, further conprising a water resistant

er circunferentiall IS d on.said tra ent .
25, o ol B b ot e R ibikis B dnlef SCRRRS Romprises
arCintriide 18y@Rirb@hfeYentihBP s Feked bn SAll cenviddBuctoLiinslichind wherein
| ayer thereby circunferentially_ sealing said

the {renspgran sondastiysdayes éy dispased pn Ssaidiiptringicdayes) ar cel |
unit of claim39, wherein the water resistant |ayer

conprises clear silicone, SiN, S OxNy, SO, or
26\ Pessolanisell anix ofelainy 25 vderain gdpteinsiolpyerpempsistsan undpped
unit of claim?1, further conprising: a water

resistant layer circunferentgally disposed on said
transparent conductive |ayer; and



a filler layer circunferentially disposed on said
wat er resistiant |ayer, wherein said tra spar ent
casi ng | s circunferential | y di sposed on sai ' '
A "% eby circunferentially sealing sai %C&HSLO%EIO%GIS
trg Fﬁar$% shap_ed solar cell. 42. The sol ar cel
unlt of claim1, further conprising: a filler |ayer
ircunferentially dis o ed.on sai.d transparent
28 Riusalanyell el of S, wherein te jpipiasic Jage comarpes;vagiped zine
ofiggcunferentially dlsposed on said water resistant
l'layer, wherein said transparent casing is
circunferentially disposed on said water resistant

2%3’%‘ ﬁ%sc? ap%;ra?u%)h ggaé%uogs Eagela%ﬁa]ll ﬁy aclr 'cgrgprslsang a filler laye‘r

cifRIE A0 /séﬁﬁﬂﬁ?cﬂi@&ﬁﬁék&ﬁ céﬁducﬂ%laﬁﬁl ahercialshidtrahgparent
of any one of clains 1-42, %ﬁher co

cating i Brqugierepal bgtishosgs & YRt hate Gw%%%@g%ﬁ%ealmg
?&qutd&g}ﬂ%"" 83biafa3 Ng. 44. The solar cell unit of

alm erein the antireflective coating
conprises Mh, S|I|con nitrate, titaniumnitrate,

2§ j'llée(r: S%EaglcF r110x, dF %?1 Qj'\f\lr I Pe?lgﬁhgﬁllgﬁ n? | tcrﬁflﬁoﬁ\slﬁ%%g&bxg giny}
a&ﬁit@(&%)aﬁxl@@id sﬂhSoxﬁ: e, REG:YG BblySimitstsitnend @DMS), RTV
cylindrical axis wher ei n sai d. so| ar ceI I I%lﬁ,(,t her

siliggmsiekes, Raly Vi bety g € WP b dterpalestie ppfyorebase 6Tk Ach
t el ectrode strip
p@&&%%g@% §g§ﬁg§:?2%&§§ ﬁhggsgﬁgmﬁgﬁﬁuctlve | ayer
al ong t he cyllndrlcal axis of the solar cell. 46.

3%— REheZqo Plgaxélt gtj (?ifual @{3 @%:Iereérg%f' gllkn" a§ r%a? atv{o}?os?tgz ok‘ fR8then 1 x

1&leectrode strips that are positi oned at spaced
intervals on the transparent conductive |ayer such
that the plurality of electrode strips run parall el
3 Pr'[l?é)a&'ia‘?)&blml%ycl ?r[ y: 3 |vﬁ4erc§19th@§'ﬁl’€r B&&q{as akiRRdaliddefficient of
Indrical axis o solar cell.” 47. The sol ar
exmh*xomnfgrcﬁertharaﬁ(ﬂﬂ 3460 ierein el ectrode strips in
“the plurality of electrode strips are spaced out at
even intervals on a surface of the transparent
3T, 0Tk lldr el biaiy 6f claind B8, wHeeeirs the dillecialyér isifortmed frooi silicon oil
46, wherein el ec}rode strips in the plurality of
miyedyithd E‘F‘i”ﬂ% are spaced out at uneven intervals
on a surface of the transparent conductive |ayer.
49. The solar cell unit of any one of clains 1-48,
3 whBhesdotar sell gnis oheleim?® wheteimthivsilicgn eil isipelydimsthysgoxane

o8eCta 5 5 oS PP i B e
sili@digletttopfer40 GPa or greater. 51. The solar cell

unit of any one of clainms 1-48, wherein said
substrate has a Young's nodul us of 70 GPa or greater.

- 3D2The RBarseh aﬁlt sf:élhmv@s twiRkciRihé MReIa9ér is keined frbnR%, by
wherein said substrate is made of a |inear material .

weight, Fipelydisnethylsidaanenelymer liging. Fhebyweightp fisst siliggne elastomer,

w7 b et i Qe RTghas v, Wkfa 24 o 00

35. The solar cell unit of claim 34, wherein the polydimethylsiloxane polymer liquid has
the chemical formula (CH3)3Si0[SiO(CH;)2]nSi(CHs)s, where n is a range of integers
chosen such that the polymer liquid has an average bulk viscosity that falls in the range
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is arigidtube or arigid solid rod. 54. The solar
cell unit oftany one of clains 1-48, wherein all or a
WB%JS}()? B 19f the substrate is characterized b)bc@‘mszoowomsﬁls '
5

YetwieeH 158 kerftfsokes SRCTI0D00 catisRE, d Ccross-section
triangul ar cross-section, a pentangul ar

Ccross-section, a hexagonal Cross-section,

r i.n | eas r cuat e ortlon
S IS TP A R e BB BBl b s
sﬁc'@r petbemit, S9lvadight edimethylvinybherniiutedriitetby, sﬂt&f@é ahdbéween 3 and
first portion,of the substrate is characterized by a
Tnerespt By weghtsiicateonal shape and ‘a second portion of
the substrate is characterized by a second
cross-sectional shape. 56. The solar cell unit of
3¢l Ahers@F, cemumtef clainh 34, fhestin dwemn@sbbormreﬁstoshapemmmm @)

sy SRRl BY e bR BB B i ] rep G0 between

terand Shifg pericandly w&g@ay@agermﬁma@@aﬁwﬁw SifoxeR8 tah@ (@) between
shape are different. 58. The solar cell unit of

3end,i WF@S"tW@Ttﬁ“@FmV'@EétSﬂWnety percent of the
| ength of the substrate is characterized by the first.
cross-sectional shape. 59.  The solar cell unit of
38| Bhersds celvrit ef ¢laihd4 Whersin X isdsbresr 30 ph@); Ysisdpovdes 2 and
| anar. d the second cross-sectional shape has at
24?’3 gg%ﬁé}wﬁ%gﬁ?c@&@i de. 60. The solar cell unit of
- any one of clains 1-59, wherein a cross-section of

the substrate is circunferential and has an outer
3% Bfetodr oplf umikplmneong ofrlimi! -4® derthersomprisingwatgbregistant

158! dircHRifdrer@fall ?B?&p@%g oRfsaif!tBh&Preht ARdudiie rr?ag'ep V\ﬂler in said

Cross-section o substrate is circu ént | and
- trérsparant aasitgfs aicamitrentiallf disposed en sdid water aamtajﬂlaym thereby

.62. .The.spl ar.. cel | .of ,any, one clains 1-59,
cif RS e e i) i SEedl .o ¢
characterized by an inner radius defining a holl owed
ubstrate, .and an outer radius

' h
4@ nﬁ%ﬁﬁ% Cfgl wtéF 5@%@39@%@%\ e peter sistanilayer ppmpEgRsglear
sif&dnk, SR, BN, 4@, rer@abd@i%%& dnB§ akdinfsagss of the

substrafe i's betWween
2008/ 060315PCT/ I | 82007/ 006615 mMm and 20 mMm 64. The

ohﬂr el n the thickness of

41tshe ssﬁ’ga?féu wfcq%ni een e?%cﬁnm?og 2 mm 65. The sol ar
cel |a watet resiftantigyarnircahfeedntialipy dispdsdd onéad ®ar3parbist conductive
solar, cell unit has a length that is between 5 nm and

laygi; %0 nm  66. A solar cell assembly conprising a
pl Ur@ﬁl‘lér}(ay@f' c&Qﬂnﬂ?Ereﬁﬁﬁlly MEds&d oreAf WA r@ﬁstﬁﬁh&yeﬁ" Riferein said

in the plurality of sol'ar cell units having t
trapsparentispngis cimuménsentielly. disposed on said fillerdnyer ﬁ;ercmer ein

ciftmreta il seHH %%axgrbyﬁﬁdrﬁcaf’ih‘dgé}i dola¥ céi[ solar cell

s are’arr a rows to formsaid
solar cel | assenbly

42, The solar cell unit of claim 1, furt_her comprising:
a filler layer circumferentially disposed on said transparent conductive layer; and
a water resistant layer circumferentially disposed on said water resistant layer,
wherein said transparent casing is circumferentially disposed on said water resistant layer

thereby circumferentially sealing said cylindrical shaped solar cell.
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67. The solar cell assenbly of claim&66,- further
conpr|5|ng én al bedo surface p05|t|oned(to refl ect

|ntothe plurallty of sol ar ceII u _
§ %g I fl %S senbl cﬁ %ga h %R% :y({’r?l[%smo@%gams
b guFrd 5 CBEES T'ha %‘%(88‘@8&5%3}’3“ feflective
cddilgSat@neediibll R dBpdEed yn edid ekmipaiehilcasinger ei n t he
~al bedo surface Is Lanbertian or diffuse. 70. The
sol ar cell assenbl y of claim 66, wherein a first
4§°*I'ﬂé cﬁﬁ‘l del %Wﬂé%ﬁfefl@&iv@ _cb‘efqn? coRph&i§ MgF,,
uraltyo ar ce units is electricalFy '
s:dwmramgeté imamsamlerstc sifitbn nicmexsle) asiliven bxids sigmtb] y  of
claim66, wherein a first solar cell unit and a
second solar cell unit in the plurality of solar cell

48l nﬂléssdlﬁ cell agit bF 8l dng oaﬁraaﬁ ge@l wherpiarsaidiselar cellid cylTitgical
solar cell unit of claim erein an outer surface

sheped pnd has a53hagriget a%@lwhﬁrgut Sés& sqrag gell fugthergogypriggs at least
I [ I
oS forRP PR, YGRS LBdiade sirip o I o LR B
omlamd arethk tranipasenh awridogfivielayes aloug tharceimxfnca}mumﬂthﬁ solar cell.
cell unit of claim1l; and a plurality of internal
reflectors, wherein WD 2008/ 060315PCT/ US2007/ 006615

46. hEhep:ioWr@l:n it of claign &5, viRldin theiat Rafige &1B&rddk Yiripldotiprises a
of internal ref] ectors are arranged_jin copl anar rows

plurplifhofcaledtiede pirip thabppe @@%l@?@duahsnaﬁ@i IBTeﬂYaéﬁ qny the gpnsparent
cSPAA IR st BOPR) ToILRbllc Wb Sp plaliOr pprovimately
paalchto mhloﬂmsabnbl&;p.cyhﬁ’@caﬂ'hes sﬁﬂlasolnrezlell assenbly of
claim 73, wherein an internal reflector in said
plurality of internal reflectors has a hollow core.
47 STheldatar soll anit Sﬁélhma&ii evhgteyn ﬂ%ctﬁida isfiﬁpg & thwbﬁlrrﬁi'tﬁ ofelectrode
i.nternal reflector ald ral T}, mterng \
SLHRY 476 ERASES O‘é‘rﬂ‘fﬁ?’?"s}&eﬂ@ AR ‘% e 8{:‘ ﬁaa%pmn@orﬂ Nrdive prer.
reflective material deposited on said plastic casing.
76. The solar cell assenbly of claim75, wherein the
48. a]‘/lwrsotafr ccléfulueof qslaam #atvderean elegrgde siriph stthe plunlity of electrode
nm. num ni ckel
sol 1 S0 our ey vl o oy B R R Granemidin st Rty loer
reflector in said plurality of internal reflectors is
a single plece de out of a reflective terial. ,
47 gThepplar o)l Wit by ofe FBITgs L&y serd s n@hﬁ%ﬁﬂéﬁmmungs
mB@th@&FZOVGPéT@J&Eété' is polished alum num al um num
oy, silver, nickel or steel. 79. The solar cell
asserrbl y of claim 73, wherein an internal reflector
of. rna e
Sdp PIglst%logar geélg}nﬁgof M'[y one 0? Elﬁmlxssi -ﬁﬁa,ye\xélj}eg 3}1 A3 Slfb%FBF :l)lgﬁ & Y&mg S

mbdylas of 0GP bregrsabrar cel | assenbly of claim79,
wherein the nmetal foil tape is alum numfoil tape.

51. The solar cell unit of any one of claims 1-48, wherein said substrate has a Young’s

modulus of 70 GPa or greater.

-

52. The solar cell unit of any one of claims 1-48, wherein said substrate is made of 2

linear material.

53. The solar cell unit of any"' one of claims 1-48, wherein all or a portion of the substrate
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81. The sol ar. cell assenbly of claim73, wherein a
Cross-secti oﬁ;al’_ shape of an internal reflector in

‘ i ality of internal reflectors is ast i
v‘g%}%@gﬁgﬁff’%m a%d g 5@ ar cell assenbly of cIPg{T%ds%o?rw“ls

erein . a cross-sectional shape of an internal
reflector in said plurality of internal reflectors is

f - si,ded; d id idf - si ded .
Sty Qb SUEEEIL SRR anvpme ReBirinisds. iiinnBf & BoBE et substate

iﬁd:Hafdd{eﬁ&chHiioy £¢itdubiricfRb-secti¥D an ovoid cross-section, a triangular cross--
-2008/ 060315PCT/ US2007/ 006615 83. The sol ar cell

seedion peptangular ¢pserseationp bexagenal cross-segtion, grsosgseatiop faying at
Cte c Ol | " . ¢
SRR o n ol b b Prof Sl 1Blic T REUAE LUV bdrkoll
of said four-sided cross-sectional shape defines a

i ffuse surface.qgn said intecnal..tefl.ector. 84, The
53 Mg ST 4B B DR S, RS i ReiG 0 le it
cBRAKTIZeE b a Wit erAABdectiohf GRAR a8k 36cofbbriidRiof theRubshate is
gql{ruralltil) of solar cell units is electrically
charaadeitzed by a second expss-gwtiomtehapel ar cel | assenbly of
claim73, wherein a first solar cell unit and a
second solar cell unit in the plurality of solar cell
S6inThessola cell asit of dainl §5, avhesegihd first cpas-adckioha! shd4pé and the second
sol ar .cell, unit of any one of clains 1-65, wherein

CRSyoligna FhapepTe e sl i t hi cally integrated. 87. A
solar cell wunit conprising: (A) a solar cell

conprising: a substrate, wherein at |east a portion
55f Thegodpr salb ynit af daimsST, iwhersinnihe fiay gisisepestional shape and the second
cﬁ?%é‘e’cﬁ&?a‘f@l{aggﬁrecdiﬁ% erentially di sposed on said
substrate; a sem conductor junction circunferentially
di sposed on sai d back-el ectrode; and a

ranspare congdycit i lLayer circunferentiall
sty BTt o6t SEPEEIEE S RREE oo REG prvbent Srine engg othe
sifbistrdt€ fs dhadseterifdd IBLRE BEse Bfokabdcogtl sippeed on said
transparent conductive |ayer; and

59. The solar cell unit of claim 55, wherein the first cross-sectional shape is planar and

the second cross-sectional shape has at least one arcuate side.

60. The solar cell unit of any one of claims 1-59, wherein a cross-section of the substrate

is circumferential and has an outer diameter of between 1 mm and 1000 mm.

61. The solar cell unit of any one of claims 1-59, wherein a cross-section of the substrate

is circumferential and has an outer diameter of between 14 mm and 17 mm,

62. The solar cell unit of any one of claims 1-59, 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,

63. The solar cell unit of claim 62 wherein the thickness of the substrate is between 0.1
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(© a transparent casing circunferential y di sposed
onto said filller layer. 88. The solar cekl,;unit of
erein said substrate has a hoII
rgrg‘?ds (%zssol ar cell unit of claim87 or 88, ﬁﬁfgﬁgzﬁdm}oms
&"Stb8ttate is made of plastic, netal or glass. 90.
The sol ar cell unit of claim87 or 88, wherein the

onpri.ses um ngsi licate gl ass,
6305‘32 5 émljwégléfm gﬁ \{ph%qle th thickness ol hasibefraty Is between 1
ictor glass, glass ceramc, WO
2008/060315PCT/USZOO7/006615 S|I|cate| fused silica
gl ass, soda |ine gl ass, quartz glass chal cogeni de /

BndRori HRRef g TRl 3, B TR BAEE upipas o enge
tI&Ois&femhls rwiiahd 0,080nnone of cl ai ns 87-90, wherein

sai d sem conductor junction conprises an absorber
| ayer and a junction partner |ayer, wherein said

65. U0 SS 1 ORURSShIMEY cdrdifRing asplﬁfallgaﬁs@la@&m'ﬁh& %adi s%mee%aqﬂ unit in

on sai d absorber |ayer; and said absorber | ayer
thsiplwrality of seted @Illluyut@l @\p%@d sucturgiofltheselar esllamitrod dbum 1

of 1. wherein,sai
B ol P Bl R it o Sl s AP RePe e agprgovs o
fcsmjsdmjsamt:elbﬁssaabl@ner | ayer is CdS, Sn02, ZnO Zr02,
or doped ZnO  93. The solar cell unit of claim?91l,

wherein the absorber |ayer conprises CIGS having a

67: 1¢ﬁ?so%¥§ltl BdsbA8 AT i ¥ ﬁﬁ‘ﬁl@rt do nsnﬂg Eﬂél%t?do surface positioned

%sta ogr aphi ¢ “ori ent ati on, ystall ograp

enh swtligbhinto Ba phirdlgy obscdar cck!lumt&unlt of any one of

,clalns 87-93, wherein said solar cell unit further
conprises: (D) an antireflective coating

6% i Tiewolae kelh hdsambly ofickiira $@ dwhetreinahehlbodaRsifak das an albedo that

95. The solar cell unit of claim94, wherein

e’icﬁ%‘k}%t/? reflective coating conprises MyF2, silicon
nitrate, titanium-nnitrate, silicon nonoxide, or _
silicon oxide nitrite. 96. The solar cell unit of

6% | Eherpoby celhmserably of lsleirs §I7 awherein|the @bﬂﬁylsuuﬁmeu&:hambeman or

difflgped and wherein r goy:erring

70. The solar cell assembly of claim 66, wherein a first solar cell unit and a second solar |

cell unit in the plurality of solar cell units is electrically arranged in series.

71. The solar cell assembly of claim 66, wherein a first solar cell unit and a second solar

cell unit in the plurality of solar cell units is electrically arranged in parallel.

72. The solar cell unit of claim 1, wherein an outer surface of the transparent casing is

textured.

73. A solar cell assembly compﬁsing: 7
a plurality of solar cell units, each solar cell unit in the plurality of solar cell units
having the structure of the solar cell unit of claim 1; and

a plurality of internal reflectors, wherein
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wherein r, is.a radius of the solar cell; . ro is the

radi us of thé transparent casing; and fIé)uter ri ng 1S

the refractive index of the transparent caS| n
/US2007/006615

WOrpas cel nit. of. a C
e Be RS b sl e B SR Bl e pors pr praneed
idoplah O RAEERhick At rkANRHS ir tRE bl‘&?ﬂh&goﬁoidr €81 units abut solar
transparent casing |ayer and a second transparent

cdlwiitsgn thapbralitnpfisoltreekunits thereby fosmingthmsqlarrcelpssembly.
casing layer is W) 2008/ 060315PCT/ 11S2007/ 006615
circunferentially disposed on said filler |ayer and
74.hehesoborell issanblyaf elaim Gasiingeih ay imterhal reflector in said plurality of
© . Ci rcum‘ erenti aI I Y di sposed on said first transparent
indexay! peflectoyshas ad@llow el ar cel | wnit conprising:
(A) a solar cell conprising: a substrate, wher ei n at
| east a portion of said substrate is rigid and
7hofp wiracel] ssstably-oéleim ﬂé,d@hmm emnﬁ@m@ meflegtdryn said plurality of

BRSPS AR ASRRSP B  hppie

orsdid plagfeaksing. conductive I ayer ci rcumc erentially
di sposed on the sem conductor junction; (B) a
wat er resistant layer circunferentially disposed on

76 Nenel o SAPE8bIG P Qllelﬁﬁ 79 Swheadif 'Ehe Iaycr of refleStveandtéridl &
[ ayer circunferenti al di sposed t he wat er

pcrlrshwdsalamtnummmtmdﬂoy, silver, r(1®931 er Sl’fffehns parent casi ng
circunferentially disposed on the filler layer.

77. The solar cell assembly of claim 73, wherein an internal reflcctor in said plurality of

internal reflectors is a single piece made out of a reflective material.

78. The solar cell assembly of claim 77, wherein the reflective rnaterlal is polished

aluminum, aluminum alloy, silver, nickel or steel

79. .The solar cell assembly of claim 73, wherein an internal reflector in said plurality of

internal reflectors comprises a plastic casing onto which is layered a metal foil tape.

80. The solar cell assembly of claim 79, wherein the metal foil tape is aluminum foil

tape.

81. The solar cell assembly of claim 73, wherein a cross-sectional shape of an internal

reflector in said plurality of internal reflectors is asteroid or involute.

82. The solar cell assembly of claim 73, wherein

a cross-sectional shape of an internal reflector in said plurality of internal

" reflectors is four-sided; and

a side of said four-sided cross-sectional shape is linear, parabolic, concave,

circular or elliptical.
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99. The solar cell unit of claim98, wherein said
substrate i & a tube. 100. The solar cell_unit of

Ial 98 wherein the sol ar cell has a cyli
(g oni ng wher ein rq’%rré]%gdowoo«ssls

ere nor
§° %rfce ﬁ@seg{;’ll%?fcjaéﬂn gereg' the radius of the

t r ang pRYseBdctioas ishgbe oaf itérBaltréflector Risaidplifdty of internal
refractive index of the transparent casing. 101. The

reflgctors isdour-sidedi ansk  any one of clains 98-100, wherein
the E@ﬂgép?aﬁ@ﬁ}ur%ﬁi%ii @H)s§9€gﬂf)ﬁﬁ? %Pé‘déﬁdé%l l}isffl%e Qfrface on said

transparent casing [ayers Inc ng a
interamlgpilectmt casi ng | ayer and a second transparent
casing layer, and wherein the first transparent
casing layer is circunferentially disposed on said

841 ThegolirayR hsRAbly SRISRCBNFhéreARTRSERAE cdRifad lad¥®nd solar
is circunferentially disp osed on said first:

o'} wrtipdheplpralifsphglar a«;lb\anltsméectyxcaélaﬂagﬁnasélm SagigH-t
conprising: W) 20081060315PCT/ US2007/ 006615 (A) a
sol ar cell conprising: a substrate, wherein at | east

85 TPlos solomweld hsssmibly ofidbenr7at whersiniadirstisgiadcelinhit and a second solar

oS el o ol 46T GBStk ey on

CI rcum‘ erentially disposed on sai d back el ect r ode;

a transparent conductive | ay
8@. leﬁﬁwaércélrhvmapf §n)’o(?f§|c§$§@ﬂn%h6§»d’f’h§“‘éfé?ﬁl@ stiensell y monolithically

inkdBPgikd, O

87. A solar cell unit comprising:
(A) a solar cell comprising:
a substrate, wherein at least a portion of said substrate is rigid and

nonplanar; _
a back-electrode circumferentially disposed on said substrate;

a semiconductor junction circumferentially disposed on said

back—electrode; and

a transparent conductive layer circumferentially disposed on said
semiconductor junction;

(B) a filler lﬁyer ci;cumfcrenﬁally disposed on said transparent conductive layer;

and
(C) a transparent casing circumferentially disposed onto said filler layer.

88. The solar cell unit of claim 87, wherein said substrate has a hollow core.

89. The solar cell unit of claim 87 or 88, wherein the substrate is made of plastic, metal

or glass.

90. The solar cell unit of claim 87 or 88, wherein the substrate comprises aluminosilicate

glass, borosilicate glass, dichroic glass, germanium / semiconductor glass, glass ceramic,
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(B) a filler layer circunferentially disposed on said
transparent (:onductlve | ayer; and (O a ter
resi stant layer circunferentially di sposed on said

W? JZQOp/ 6031 an d an spar ent asi PCT/US2007/006615
SUere et S o Fesysodp ltﬁwiﬁ g's%Sd&wEms?nlsl?efs%qhéﬁﬁgiass
ﬂ'u@b{&r glash Oégglasjgtb%s&f);ﬁlﬁﬁolf@ Itint Blkd, oPEer&dicd 02, wherein

the solar cell has a cylindrical shape r lostler

ring wherein r IS a radius of the solar cell; r, is

9? 2 %?{1?0%:%?11 8n1{ Bpﬁl %% Ql%ﬁ{'ii}?@(?%vh@gin s%?chj%e-lr_rluc%%dﬁgor nction

e rerrac |ve ex 0] ranspare

cdfigrised bealsotbar lagad dndlarjuﬁcu@ﬁ padutr taydd) dhershrer ei n sai d
substrate is a tube. 05. The solar cell unjt_ of

cl ai fﬁl%unmrpértﬁertlﬁ@ré%¢lﬁpn€%rpmtla|¥a§!550%99|onﬁ@filaé%nrber layer;
amape, and wherein ro ri> 77 miler ring whereinr,is

a radius of the solar cell; r, is the radius of the -

t r ansgphabsotbeclayémigircumferchibaltyalisposadpni ssid tagk-electrode.
refractive index of the transparent casing.
92. The solar cell unit of claim 91, wherein said absorber layer is copper-indium-gallium-

diselenide and said junction partner layer is CdS, SnO,, ZnO, ZrO,, or doped ZnQ,

93, The solar cell unit of claim 91, wherein the absorber laycr comprises CIGS having a
<110> crystallographic orientation. a <i 12> crystallographic orientation, or no

crystallographic orientation.

94. The solar cell unit of any one of claims 87-93, wherein said solar cell unit further
comprises: |
(D) an antireflective coating circumferentially disposed on said transparent casing.

95. The solar cell unit of claim 94, wherein the antireflective coating comprises MgF,,

silicon nitrate, titanium nitrate, silicon monoxide, or silicon oxide nitrite.

96. The solar cell unit of claim 87, wherein the solar cell is cylindrical shaped and

wherein

r

-]

K2

ﬂmucrring
wherein ]
ri s a radius of the solar cell;
ro is the radius of the transparent casing; and

TNouter ring 18 the refractive index of the transparent casing.

97. The solar cell unit of any one of claims 87-96, wherein the transparent casing
comprise's a plurality of transparent casing layers including a first transparent casing layer

and a second transparent casing layer, and wherein the first transparent casing layer is
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106. The solar cell unit of any one of clainms 1-65,
wherein the tlransparent casing conpri ses(a plurality

of transparent casi ng I ayers including a first
wozeRpEient casing %{ and a second transg&TgR2007/006615
cEgyp @eqtla%ﬁlsp%ﬁ@ OU\/F?é Blier lpyra apd the seqopd iapsaprepi casing layer is

L e R R e ncluct or

junction and the second transparent casing |ayer is
gl r.Cu ntlltgcl) |%1de sposed on said first transparent
aéﬁ%’ |5|y8? "8The solar cell unit of any one of

cl ai (&) ascﬁgrcewe&h?nﬂng he transparent conduct i ve ‘I ayer
is coated with a f|luorescent material 10

sol ar ceI P syhsireteovhersip apleast gpogtoniofsaid Slé)ﬁtracmeraad andgy
bR an exterior surface of said transparent
casl ng |s coated with a fluorescent material. 109.
The sol ara bmkl-elemmﬁe cfcunifeientially, disposadainrthe substwee;er

resi st ant er pr.the fi coat.ed .w

[ oor cooehoiEtndibt Ihodonpikbmefia SisRa §i o ek Sctrode;
cl ai.padl, wherein the substrate is a plastic rod.

111. The solar cell unit of claim1, wherein the

subst r at ed Fgﬂsaargnw@du%e laygncircumisensighly dispesed op et

of clal @ﬁhthe substrate is a glass tube.

113. T e soI ar ce unit of claim1l, wherein the

subs(B)at waterresistphidsyer cir¢uniferentially disposed on the transparent

conductive layer;
(C) a filler layer circumferentially disposed on the water resistant layer; and -

(D) a transparent casing circumferentially disposed on the filler layer.
99. The solar cell unit of claim 98, wherein said substrate is a tube.

100. The solar cell unit of claim 98, wherein the solar cell has a cylindrical shape and
wherein |

r, ..

v
i
naurcr ring

wherein
r; is a radius of the solar cell; _
¥ 18 the radius of the transparent casing; and

" Tower ring 18 the refractive index of the transparent casing.

101. The solar cell unit of any one of claims 98-]00,‘whercin the transparent casing
comprises a plurality of transparent casing layers including a first transparent casing layer
and a second transparent casing layer, and wherein the first transparent casing layer is
circumferentially disposed on said filler layer and the second transparent casing layer is

circumferentially disposed on said first transparent casing layer.

102, A solar cell unit comprising:
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(A) a solar cell comprising:

a substrate, wherein at least a portion of said substrate is is rigid and
nonplanar; '
a back-electrode circumferentially disposed on said substrate;
a semiconductor junction circumferentially disposed on said
back-electrode; and
a transparent conductive layer circumferentially disposed on said
“semiconductor junction;
(B) a filler layer circumferentially disposed on said transparent conductive layer;
and |
(C) a water resistant layer circumferentially disposed on said filler layer; and

(D) a transparent casing circumferentially disposed onto said water resistant layer.

103. The solar cell unit of claim 102, wherein the solar cell has a cylindrical shape

r,
2=t

N ouser ring
wherein _
r; is a radius of the solar cell;
r, is the radjus of the traﬁsparent casing; and

Tlouter ring 18 the refractive index of the transparent casing.
104. The solar cell unit of claim 102, wherein said substrate is a tube.

105. The solar cell unit of claim 1, wherein the solar cell has a cylindrical shape, and

wherein
r
. r!_ 2 2
qaulerrr'ng
wherein

r; is a radius of the solar cell;
r, is the radius of the transparent casing; and

Touter ring 18 the refractive index of the transparent casing.

106. The solar cell unit of any one of claims 1-65, wherein the transparent casing
comprises a plurality of transparent casing layers including a first transparent casing layer

and a second transparent casing layer, and wherein the first transparent casing layer is
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circumferentially disposed-on said semiconductor junction and the second transparent

casing layer is circumferentially disposed on said first transparent casing layer.

107. The solar cell unit of any one of claims 1-65, wherein the transparent conductive

layer is coated with a fluorescent material,

108. The solar cell unit of any one of claims 1-65, wherein a luminal or an exterior

surface of said transparent casing is coated with a fluorescent material.

109. The solar cell unit of claim 41, wherein the water resistant layer or the filler layer is

coated with a fluorescent material.

110. The solar cell unit of claim 1, wherein the substrate is a p]asticrrod.
111. The solar cell unit of claim 1, wherein the substrate is a glass }'od,

1 172. The soiaf cell unit of claim 1, whcfcin the substrate is a glaés tube.

1 137.' The solar cell unit of claim 1, wherein the substrate is a plastic tube.
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