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ELONGATED PHOTOVOLTAI C CELLS I N CASI NGS CROSS
REFERENCE TO RELATED APPLI CATI ON Thi s application

WOI28¢5A90HPi ority to U. S. Patent Application NoPCT/US2007/006615

11/ 378, B47TEEONCGATED' FHOTORVOL TXIE CER/LISIN CEASINGS n
Tubul ar Casings,"” filed on March 18, 2006, which is
hereby incorporated by reference in its entirety. 1.

FI ELD Thi sCROES REFERENEETX ORELATEPAPPEICATION

assenblies for convertlng solar energy into electrica
ener 0
ene egn%lgggblmsq A& &wﬁr {ov% tsapatggt{&g;ﬁg?tz@ 13% . gz%’/syw entitled
‘EadngatsdtRhdtvsltaie ;ﬁhﬂlaureTplhyan Cmlinge/itfiled esMardbhl 8, 260G, which is

é)erlrgasyrface ar eas on Ehe order of 4-6 cn? or

Kby dpcorpypted fhy Jeferenee i 1§ §ntirdY st andar d practice for

power generating applications to nount the cells in a
flat array on a supporting substrate or panel so that
their Iight gathering surfaces provide an
approxi mati on of a single NlaFyELD ght gathering
surface. Also, since each cell itself generates only a
snal | THasmpphicatidn ebiterto sblaece] leagsemislies o doagertiapdélar energy into
current is realized by interconnecting the ceIIs of
algrerical engrey ﬁndamgmaé%cwbw torimpErved |S@l|ar #RAk assemblyes.
conventional prior art solar cell structure is shown
in Figure 1. Because of the large range in the
thi ckness of the differg '#A ?_ Npey are depicted
schematically. Mreover, Figure I'S highly schematic

so that it r.ese e ture .
O i SRR AR AP A s i erin

Juffa@e4184s3dn ths OtdRF of 816l En’tdradrgtrs Fofthik Redbdrg ¢itis Bandhrd dfuctice for

material to absorb light are tyglcally conflgured as

PopYer erneritingrappbifations & meundbeedls imadlal away on asupporting substrate

& l%sg%lk%grt At %C%Ll{éh% & gllilﬁéﬁquatcgs[ ﬁg%%r Qn ggﬁ ggnlla%‘tog%tf a gmgle large

unt rec

6P g AXBE i .airfat@ AbspsiRcd daghteldligelt gape@edslonil costhalbamhesht of
as "thin-film solar cells because onIy a thin | ayer

pepver fibe gquised veliagd-2gd/er prrrert isgealized by daterronechipg &ecﬁebls of the
%%gflhﬁ' %”és a%%?ﬁgraﬂgl thi@Qt. The arrows at the top of
Igur e Show

e source of direct solar illum nation
on t he cementiohapeior &@Zolhxscdllfserusuubésisrsh@\en iFigat lOrBecause of the
netal is a conmon substrate. n-filmsol ar cel

lprge rangsgp the thickpgss eéﬂﬂetﬁeffarepblpmrth%@re depigied .Sﬁ&matlcally
Mg;e%L/er P{ﬁu% ﬁ%%l%ﬂl? (?l%ﬂfatlc 35 tt% ?t%%p géﬁ?srtﬁ% ¥esatlﬁgssof both

e substrate
‘116121( ﬁlhay e6ladEisiagd tthén-Abmk sadhraet]s.i hagenemntsakat célisrthathse an
solar cell. Layer 106 is the sem conductor absorber
indigest barghgap @?té’@@lrtf’ ahgork Bﬁl'tlta?é? typmllwﬁk@tism @ “dgk-Adm” solar

ng Be% {H)%k ﬁl?lr\ggf the gﬁsorﬁé? l P¥s x@hﬁlréa ?Adrb Q%\g@%ﬁ% erlmount of

absor e sem Con

l_i@y.eSolﬂtﬂﬁelllsshatt sk dgm lbgﬂnd ngp mbtedalto Iabgjnb lighteyre typl@8y
clo?lﬁgured 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
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the sem conductor junction partner-that, together with
sem conductor absorber |ayer 106 conpl et es the

WOSPHP Y t 1906615
bt ot ol ool 106 S ri Buf 48 Shichtks. shspeost Lol 06 i
896 4emRbAducts! |&so%?ﬁg$ﬁﬁ)6§?fﬂ1&@%ﬂgﬁ Rfalﬁ.@l%olfé?ﬁr Layer 108 is

| ayer 106 1s ap-type d mat er 1 al he juncti©o
tbasdmemncth@&r jwnction partnepthatidpgatharatidr seahcorﬂumtmealmekt}er layer 106,

em conduct or, absorber layer 106 is an n- tg/
clBipee 1 SR On Phe Py UHE I ‘parURBT o108 FemEoR sl anction
fHRRES OBk @Hlsallﬁ gﬁ? MRERY yase%&ﬁaﬂ d4NE i tH@%nﬂ%nd]agﬁ)r laBsorber

much thinner t sor | ayer 106 r exa
layer 460res 4 préymrdopsd niaﬁ:rljah et j JmnﬂlmeIMelr 10B0S ahasgype doped ‘material,

hi ckness, of _about 0.05 m cr . unction
CopyErsEln v e sr Biropardonabey Decieutt 1035 o forpe daRed material, the
Jhﬁtrt‘i%h'p‘aﬁn@rairogri?ﬁ pa ?ﬁ% d(ﬁ)ealnﬁ\‘?ﬁﬁqomn& 1y, e J%&ﬂ&%artner 108 is

ayer since It ass down t
ralbzhdhbm:r thary the ab8@berl layea 110§p Foad:xatﬂple:; lia forherinstmhegs the junction

oSt oL augT 105,00 e it Taver Ao L
thaysarditkd S518MNadaaALs ‘ﬂie Tukib§oh p(eﬁiﬁ’i@ﬁmgsl)s aﬁB%B&n%@’iﬂe‘ Window

concentrations in order to give the two layers their
lalyes simpetit kgtsttyphglatmassdlomymehpamoebdr laysr 106 t hi n film

(& oy STupitel Pk maf PATche Aoaet Sen, b o Bl Wlayer 108

cfaﬁ’ bmﬁa'a@ fﬂoﬁfmﬁk isfe BAhIcBRductEndiasal bEEHVE %@ffér@ntmaﬁrﬁr types
efficiency cells. Oher materials that can be used fo

(tdomangs)y and/pncarpamomeentrhﬁens mcdrd&teo ghvetthatves lapdrs e chmhct p-type
t In Se3, In S3,.Z nSe S CdZnS, ..Znl n2Se4,
o3 R ROP LS, Dy R ol Wi SGp Thdie hfair-iselenide

(bWS)" is WalsrtePRiySOLUY B u%l: BECHIULforMthe ]hn‘éf?&{) SHRP 108 has
the Tunctioning Cell. The counter electrode 110 is

resiidd irohigh affigency ealls. altpr fatenelsiieatjcambe ised for the gurtchien partner

MRG0 bBPr At LB Hed feo S bh 2 o e L ab S Lz e ZnimSes,
Z]n]rol\@h@kl_'ééls %d}l Zﬁtbyz&g%g%bé@zmd transparent to

he ‘counter electrode 110 can in fact be a
co nb -TheKayestll Qs the eomﬂenféecaﬂodgrwlncledoronhms theefuhetyoming cell. The

108 t d t Th
cBpiiet eteorid O bR BT et Phepa iRt juostiin SR bE Junction

p@?‘thgel %I@né&l%ﬂo@?es‘i’s@ﬂ@@o @N@th?sxfug&l({ne Ak such| tHELOMRT electrode
zi nC OXi i um doped zi nc oxi de, boron

ld@pb@iuld iba dighky dm)ducm\recarldrttmswm itelliglt! T cowter adtepde 110 can

i BEPE p 5Bl G o inus R B 30 e 4o omine o

digede Qaybln TRtk eR8trodOl 18ris 6idafly aQradlsparerR Lhbnduletiv € Bkide
since the TCO has too much resistance to efficiently

(iﬁ@ﬂ‘) 6ueh asrdO@ed e oXisle (f3 g, abyjeumsgloped zipe bxide, gpHeum doped zinc

({F\Ag?rﬁnt]d% 0Lt e@g)r urg :,tlgltec?xq € (I?QZC @ {*?él?%f or 1nd1um -zinc

okt dHdweveh @kebWhee s TCIORy 68 bidséitea bmﬁetwﬂa@ | I@{salpically
bus bars, also terned grid lines, can be made of any

needasldn abhyensional selar odllsrtedraw effehrrent sirfee thesk@@pias too much

rgsll.l,tgnege 'to %ffec?ently perform this function in larger solar cells. The network 114

shortens the distance charge carriers must move in the TCO layer in order to reach the
metal contact, thereby reducing resistive losses. The metal bus bars, also termed grid
lines, can be made of any reasonably conductive metal such as, for example, silver, steel

or aluminum. In the design of the network 114, there is design a trade off between thicker
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or alumnum In the design of the network 114, there
|s design a trade off betvveen thickergrid | nes t at

r2808M6PHSe| ect ti t bl PETIYSGMX7/006615
g; inegthat gpelergorrele gl%ﬂg étli&%ﬁgﬁ@@%&%ﬁgﬁo )and th1n grid lines
tﬁé’(%‘é‘@éé é’l@ctﬁb‘él fybéo‘ﬁﬁkctlv%%%t Bl'oglmesT ﬁg!g ARE fletd] %Fs ¢ Ereferably

preferably configured in a conb arr angement
qoefigired fin gbemb-diks atrhmgm@lnt toheerm@dightsags th’tdlﬁgh thead Gﬁ?ukayer 110.
rr network | ayer TCO,| ayer .11 conbi ne
ﬂt& a%neéY"ﬂﬂﬁa% é @r&ﬁ t§5 Iy 4 l&fcamqe naqt gy shhefe
hERILRAL B, Shdcfofoly bk BTG Roh @b orm a current
dabectdnzAgpir5 In UoitGlBtaws Fpteat Nai 6, 54ﬂe?5elbty> Svmmu}petrcdl; bereby
reference.herein in i.ts entiret nmbi ned sil ver
P A0 T el rbe Rl T ith: G e iTed SOt is Bet R aek and
iAdiShPGh-Bxidk 1825 RAABH ad 4 hiKd tlrﬁﬁ\;é\girentcﬂ?@/ﬂg @Ag
| o nt amount

antireflective coating 112 a signi
of eXdpteonkl ghirefiavtive tdfvémgdlllz all@epe sighifganraniduat of extra light into

e of the c [ eposi ted

b vl engpebiene hof Eit b chBa gt inhehf i Gworirddissaigon the
tap chlduBional 11m§!ryte@ rn ﬁgqfet 1. ORRrhitively 6 At dngfl}, 85 AtReflective
coating 112 nmde deposited on a ‘separate cover
ghtass] lMadmheeddpayl@dtd’lm teppratd @o'tr gldss thdGvetlayesahé yop electrode
lﬂ I@ ?ll rt‘ﬁf ect ,ve. coatin reduc}{ he. refl ection of
lifie 19cafly. e aQiurelledtivg cogtingredyces thastleqtionof fhe Gelldp yprynear zero
oVt Gl sPOaPRIgRsilihivehi t6dld@ric st RS aéndtalf‘ﬁle%ﬁﬂg time
time increasés the reflection in the other spectra
inggisen thetreflection ¢ theedhar mgectﬂalhrelgenixs 8t sdeee IRatiegt UNiledBtates

P%ge%ngfrélﬁggr hg p@gﬁh lfq?/rxgltu tr%%z{]c?l 5 E}? Xxglgg)?o?r gcg{)y re erené/e herein in its

e%ﬁ%)ﬁ%%&trﬁ%é Ve%ré%@ﬁﬂaﬁ@ff Arﬁﬁ&ﬂééav@ @@amggmat BR_%knswR ulfﬂfe%t
in the art. Solar cells typically produce only a snal

vol t dipdar cElds typicallp beodusé pily arsmadiswitagn| ar esanbpls, sﬂlcon based

PP PR BN PGt BRB D Vol YEL Do pan el e ebnnected n

SBHEEST Jafal RE TN SHUE B1aBIALRS gré@bt ddlBBes. \WBBn G&ﬁ{é@t%a &flsdrfds, voltages
series, voltages of |nd|V|duaI cell s add together

ofndividualraclna dt@g@thﬁswlmrrﬁecmrenmwghe samcarlel $odar cells

arr ange redu ethe current fl
PP ERE elith Rl ARENTH kel Mithheen ULl dofifized to
aRBIOROEE dr '%eﬂﬁir?ddg@dl in pAgilcd) QMeﬂeB}afrﬁ’fy’rbUﬁg%mdléic NQY:illdrated in
illustrated in Figure 1, the arrangement of solar
Rigure 4, the asepgasment of speraepls insseaigs issicegmplished vsing édersonnects 116.
If'r Jggn I‘L.ln%lg %%fgcéﬂﬁ ;ﬁrﬁc%r ?}?enfr}gf:él? 11099 %k §1§ e?olérhc%llflrll Elséctrlcal
c@ﬁﬂﬁmma‘ﬁ@h ivdth the tburitéieel €ttoat of arthdi6ininpd]fcen

adJ oi ning solar cell. As noted above and as

i | | ushyeatediaboye gngay Blustrated mKiguiedn sonventienal selpt eellg age typically

i Y 6of a plhed Mucktb s Bhp ot uh Eolfih BlellyPegreleb ey are
shaatlge tarpdraiatar S(ﬂhlactfelle @hveretiaosd offedl ety tbeedst ¢ ie ﬁﬁa&ler to make the

because it __is harder to nake the sem conductor fil
semrondegter flms thatderm die Jpactivndn such sefar gelly wnifpams Sufhermore, the

r
FYA O 12 ok PEpPEYAE 0GE B ANOLE2 o LYY s
fearates cascatad slomtseref titd janetionoss t he juncti on.

A number of problems are associated with solar cell designs present in the known
art. A number of prior art solar cell designs and some of the disadvantages of each design

will now be discussed.



10

15

20

25

30

35

W20

A nunber of problems are associated with solar cell
desi gns present in the known art. A nunber of prl or
f‘g% P ceII desi gns and some of the di sadv 207/006615
of edth %l%lgwe@&uweéus?&ﬁspmth@mher 9562é§ B2itp Asia et
7 t
&??‘iﬁegé‘félyﬂéélpﬁgéé@lg S ERE PRl Pt 714 & firse

eddctrotly P2 id @yeided 8n amimd@ oflt-hé yolar J:élb( €rhelddect®dé B2 $4 in electrical
el ectrode 32 is _provid on one, side of the sol ar

cOBlaFt with thegt- g 1ayee | 4 of sh§ splar eqlbeh. i Thei seeand chedtrogle 6 is on the
@Egsélég %@é ngxei%}sﬁﬁg ﬁéllf h@geoélgcgrsoﬁig l68s @eélécftl‘%%ag COHTQ% vﬁ% R p type

l@@r lof thEhelagkcelt.t Thﬁiﬁglﬁ@rahsmimngélagié}ts 00 ahd Q@Dfoﬁlﬁltonw side of the
-type layer of the solar cell,.

The
qemjﬁ@w Mg ﬁlilet laysi2 fayras the s side. Tbe elfeewleé Ae agd 68 apst
sE&iSatgg }ék %1 t%g déie():angl;?)a §¥§r& grr?séafngée%g}egaﬁar %%IIP ﬁ%sha tubular

sha;semaaieot}mmﬁl& sphelri& shdpe iBastmatedris Fauees., WHik tls@li@rlce 210 is
cel] has a tubhul ar shape rather than the spheri cal

fg%ﬁéah ftjig,upsatisfators Td}egqﬁcgoée 6QAg 1@ RigTee a@@bwbgﬂ@ ipgrder to

xﬁé{i&%' Pdhc E(jint% Eﬁ%%lilfs Ak Rétgoss-qp %b%rﬁé} Féﬁdﬁlaﬁggqﬁessolar
to pierce t sor in or

cell éest effeddnt c Buttlaarnore] buch & @actidrsis diffieulnet mhl&Sﬁelaltme to other solar

apsor.ber area, making the solar cell less efficient.

el deHighsore, such a junction is difficult to nmake

| at I
[ Fi eSO (e ag 2B LARL SERS I NS Y20 S8 vt
didctossky tubukae boiae&l]acotnmmlr@ra (Sydnlndncad gilicor auber2 finmgpa conductivity

i ndrica SI|IC t ube " econduct|V|t t hat
h%élaﬁ & Y F@éﬁ%g ft@loa.ﬁfbegqndﬁwd?s QR SHrTagette f wrsan outer

poébtnﬂ{lctﬁj{yftggcere Rl L4518 Rl nﬂtn% Bnctl(g)‘ﬁ(a?_dﬂ{%tlhﬂér S¥rthdERST the
region 4°a us ap-n Ju i nner surface
cxyfmdrhkal ok iinphovicad withizefiisselpetmde die theviotnh ofiarf adhetent metal

ctro in the form.of. an adherent netal. conductive
yptige fi ‘3 ﬁa@ thefriREm 3N YHRic OB Wik Hwttﬂvﬁ thilm 8 ¢ewers e gptire

1§ne? QiR otf?ﬁ‘?e iy r'idacd RRofSWeletR8 n?éct?ltol? Frlletté’f %ﬁagﬂ%\ang relatively

consists of a se ect netal or net
high atmiduaiwtyheé. gl’,\ gohﬂn dmkd&ll, slutynung. c@ppergo ek llk'el, akeikclosed in United

Gt PN SRS, 352;‘17' Fig0ed 4T e S eBeess praded with a
s@ %rele%%ﬁ?ﬁlgthg ?cl)rg{ X cdﬁsfsﬂn of:l?g@mnfbﬁﬁwu?rﬁgrehpally

formo Isting o ura
eoztendlmlgfcendamtorall 0 yhat xtemmdnwged:togethatlm@ekﬁ ntdrafongitedinally-
one or

d
cR BRBESANTS o2 SREIbPRP e AR Gpasouss surfage gl bplio tube are
peoAgeOWith BSo elw&ﬁﬁfeﬁeﬁhs@a@xteﬁdlhg ﬁermah C¥hduRes B £nd 16 that

provided with two circunferent -extendi ng term na
m:tendptdho tegitddiaaldly-dGending cmndMeuol}Em Theespacing of the

t udi aII xt endi copductors 12... The s ing o
Rl e mi ey e Al AR e Rk Gl £3 R taguctors
10q88ichudid ﬁla{/é’ Y FH tRE oGRPSIHEL 6§th1:2ulbe3ex§>|d% t83olaPradiation.
| eave areas 18 of the outer surface of the

Thsosdustars 13,0l4aandr lfdireriade widd ¢hanchel gmtmmfcrenzallykaxtamung
cor(?ductors T8 smcé%h%? rca}rl}? %%réalgeer cﬁIrrgntL{H'a{n(:"z{n%n(}fJ tﬁe faYte Xlth%géj ci:onn%uctors
are made of an adherent metal film like the inner electrode 8 and form ohmic contacts
with the outer surface of the tube. While the solar cell disclosed in Fig. 2B is functional,
it is also unsatisfactory. The conductors 12, 14, and 16 are not transparent to light and

therefore the amount of light that the solar cell receives is reduced.
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conductors 10 since they carry a greater current than
any of the latter. These conductors are nade of an

WQe‘FH‘é“{ MiSnetal _fil t er el ectrode ECEA{§2007/006615
for m%ﬂ-\rﬂd? eaﬂ’aa@w’ﬁf?oﬁqg to Japsten .arlé@ee disclppes another form
otf %lar\é\hlat @elI h19ik§ @Jllﬁ\r/sk?e!hle Wikig EI?WL&&'EPE r@ell AR 4 Rollow core.

functi onal I's al so unsatrs act or e conductors
H®yeved unhhdMlﬁSvsky,eanstetrr ardslpmrchmosrt ﬂlelsoghtelhmda glass tubular

therefor unt . of ht th ol ar ce
LB DEBOFS ThodNERa etk eeaia 881 bin b ngacig ety and
et(geﬁgﬂqutogﬂ@ and Lee discl oses anot her form of tubular

solar cell. Like Mavsky, the Winsten and Lee sol ar
cel | RederriaghoFigoves@6r and Hydepanese Raténtldegpplicatuskiokai Publication

N o0 a3B b SRetb R e eoog s bul heghiy 28 5 Fereinater
“9%1125‘@?{)”? AR 195 MIRAIh A e dRBiaR gelpuhlfeyroﬁ@ﬁa ReA? bé’l?tstd%{ncted in

I'd. Referring to Figures 2C and 2D, panese Paten
cﬁqtsptsecim inFigok acC. I?’utﬂnduatng:methhts‘meed S%ordzﬁﬁm cell. A

P h ., 1984
leRRa i gt S Eo borpRpnaclaspetd {piosiied R garcore 1. An
BRtrRall§ 8bhductibe trﬁr%%al%h?&ﬁﬂu&ﬁle%y& ik phit l%e t%ﬁ o sén‘i‘rconductor

cross-Section in Figure 2C conduct i ng is used
laser a. dbe ¢rafispafent henduetWe layed 4 galmtbeanade\mftrmﬂeraaimwh(asr sndium

duct d h
okiden i Brg o ey Qoinacito vand P fkpane lusBRRAdT e 2C. o
li_ilﬁy 8 miAdd &f PEdddielRriO cbRRuCRY, i8 %Fﬂv@&@%‘tﬁ@ fovte"i‘}S@ftlo% of the solar
he transparént conductive | ayef 4 can be nade’ of

cnﬂt dhe aubhc@ugth states ithad usigend adedudtive layer des oot partthulmrhy necessary
strated

nd th
eybelg olfubr §pdRe i Sancs B Ehab riddian eBbirivg b 7 ha

erv@y hﬁ@golﬁl'tkrtell‘&txloﬁt\fvehs BRI, HHREoRdudive 1%@% 85er%8d ds a EU?Q%nt collector
ubl i cation states that this good conductive |ayer

thai spplepents tf@moadlhqhvrty@éﬁszaroynhuﬁlehm%7 tlystragomn Elgere 2D.
t he con

t act.
C b S B G oL P e blErRS 6 B PR siheed i a row

pakERl with @adOStHAC hhd/@e aYREr-Se GRIME S %'6@5 1sapr%Wd%§ Bh the surface of
col lector that supplenments the conductivity of

theopds grat & ret inrastiaed by llglutswraattcedectncmmmalee czt:r)taCAsnth each

| | ustrate d
ettt SO Rfelile By TR D ST RH Ceif0, s sl B pifafel and
baftflerddd @ f GRUBI Cel® £6 hh@efed \ameresﬁx orSa A FeCrifNn bR®r to fix the
surface of the rods that is not irradiated by |ight so

reds inplaseect ri cal |y make contact with each transparent

o) X8l U A el g

RoveeviearS3onied 678 his dlﬂﬁhlﬁbr Of significhit daatwtmkefhaahmttrth@éﬁterency of
to fix the rods in tgl ace. S59- 125670 addresses many
S

tht diselesedrdevisat kEirdisbe siaanerdn which girgnbis dspymett deg ¢>§erlor surface

15?161 c%rt( bl??% s¢ ﬂa&?r657 g c{g%%t eﬁpt%r “% g?&?:ﬁ tfté FO%QF EaS§F Fig. 2C).

he e |C|ency

Steund; e subbtiaé 7 is hmetsh Py thatdosh netpeemiititenpaskage®f fight. Thus, a
of f the exterior surface is inefficient because |ayer

fsll aide of pash rod anadiekpesed teyight apd Ganthup serveas 4 leakage p@@e Such a
lé:zikgge gﬂ reduces the efficiency of the solar cell. For example, any such dark junction

areas will result in a leakage that will detract from the photocurrent of the cell. Another
disadvantage with the design disclosed in Figures 2C and 2D is that the rods are arranged
in parallel rather than in series. Thus, the current levels in such devices will be large,

relative to a corresponding serially arranged model, and therefore subject to resistive
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Second, the substrate 7 is a netal plate that does not
Bermt t he passage of light. Thus, a full side of each

F8/80HSt exposed to |ight and can thus servE&CALSZ007/006615
%?Sﬁ(age path. Such a | eakage path reduces t he

ef fi I
dar k‘l}eﬁ’%}g{l i gea?vﬁrfngﬁysnﬁf{%:ﬂ{nﬁ&)ga eakg\pl %ﬁm ?9 47

Aletor'Bein ScﬂamT etc_hmkarﬂkaumge-lebiﬂ pubéisioeell N/Iay 2ha9Be s (hereinafter
in DB 9 A Sclates 1 pleaiiy B gtiotas caly AATEREed tha paraiel
rﬁéHnEansfd@ %Qrah\%p?ﬁ{t Eg&t 2§ hdv'l%ch s B oaf'tﬁefsalér defl. Thus, Twin

such devi ces I arge, ative
Sotarrdespuotdiang saee ofthe ylrmhaakﬂgﬁadndmd‘é” 1266001 e ebosparent sheet

2R NehCIRFATR BORARE<S AL Bt 5 ABEEn 30666 49 pnsalled at &
dtlsQan-E\é"ffbn‘SQ l\z@[l'ﬁﬁﬁ @ﬁ‘éﬂ‘a fahdr 6K d@@%m@%’ﬁ i }%'tl]%% gh M liquid
ar") als 0Seés a

5, (hereinafter "Twn |sc
cpblan‘actantﬂovof ThedTsiraPeldr dofices hewed ths d?avehalchtigiedaey rreanot truly

ral l el nmanner, i nside I, sheet 28, iC .
BEAL B Bty on oitace LA PP ERMNIR alsE CE%ts & apglls of receiving
ot © % f
SSRGS, 0 A9 MRS R LA Syt sy i
olttueir thainzegie ot ERarapld, UgtB thaThes passsustheoughta tsihs;mreerSubsssrate into a
st )} aSembly e Got LR RssamDIt A e FGH GlR OBRE it exits the solar
i f
gl g gson: Hov, s A, SigL 1R dRteis
pobhéed that it Bas mmlpySSEdi&Howglﬂa gsiflartdel aﬂ'amibl)sanalerdlﬂV defnitisn of
bl e of eivin irect |ight ef
SPTaE, BraE Rindt Pohirerthiareard® dseTgtds ShRon bagi a1 ight
21 B0 B TN b o 1 o
tbesdlarast eappirgtua tidtoegh faeed47Ae Sadsbg’l’blnyqst then travérsmgmaling chamber

irect light o it ar, cell. assenbl
2 et oft Badic a1 ahg SRR ety 1By Fohyfeel i Hige 478, The solar
c@H’W@s‘éﬁibl isShétbfoRSinetticitt bEdaYd @ieddt h@lﬁtcahﬁot réﬂf’er B&th sides of the

passed through a solar cell assenbly. Under this
ageefibly.t i on of direct light, face 47B I's not configured

tore ve ct, |.i ght Th| s because . al | ht

- ocer A BpUEY Moy Uy Ao el TP SIS SR Prauy B dspvbacks
ab§Ri5 With ?ﬁhhr RIPRIER, u§mab£&>ner@ﬂeﬁfaimﬁu5§b¢veaolm c8Fdcity of
a hr ough face 47A. Such ight must then

par at us
Eav@lsge vwgsiang ghmml@qckzsoner wirtsadvedgiréblpmc lCcmeritlomzl solar

dflné% ekent sollﬁr ce l.thr#? 1
8%% Are %Vs,e§ olat cel) asssmblies 415 Q ?B\“‘ ort &
lﬁﬁc@uﬁlesowr el hm'ts! nglS @ﬁﬁa&th nglsés ém&len@ AR1ibitifye Smaller

assenbly. Al though tubul ar signs of solar cells have
sakad e bssael easmyo ofanufaetuch atvejangk scale swditkayednwaisptpe ;almminled into

|
fosBhn 555 afa Ry PRtk *%?ﬁ Relehroioe a8l HGmeteysoler
ceN@niAEQSOhNE doREORIE e Ely’l' Tﬁ@érﬁeﬂle@ edlhr RANBAS easily
often crack over tine. ar ce assenblies are often

bieak| undey @msslrpaqlqrmgﬁeﬁn@m@am @broal.tm@ bandlingiprecessehi Vhat are
n%QcPerdqg?ll& & Qr\é'nqgﬁoa%fafnh %&s%}ﬁy th%pgroud%)ghgﬁcjr{ Intr str%ﬂ?tlhltg Solar cell

units while maintaining the advantages of the small design.
Discussion or citation of a reference herein will not be construed as an admission

that such reference is prior art to the present application.
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solar cells are easier to manufacture at a | arge

scal e, and they can also be assenbled into different
WQi29L64H4 shapes to suit the ultimate appli caPf&fS2007/00661S

Inevitably, the smaller 8olSAIMMEARYunit design al so

cones with the price of fragility. The smaller solar

cel | Qe ds{iec&@f tHeyapplieaionpreiadespr b ek uflid comPrising a cylindrical

ﬁ?r ansp a%gp or routine handling _processes. Wuat

qrﬁe 3

HEnSgRENHBPHGESRHIEd TPy brdriaeh shapgd sl
t
cégfb%‘tgéasf anl?z%g ?i%ﬁgg,v%ﬁbgﬁoz@h%? f.\ﬁl:tllorylgwrst d?emnke‘?entlally disposed on
the baukscdearodoyandiat tednspearerttfcoaduceive tagprdispuzed on thed dehictdiductor

be construed as an _adm ssion that such reference is
jpratign- dihe tapsparRat Brbukes sesingisicirernfesentally sealadeato direcylindrically

s@%&%%‘bla%el’i ?&th@?fﬂ%ﬁfﬁ?ca?ﬂ b@vae\ég des rﬁlsﬁéﬂjeﬁtlr tugrﬁgrl caagf?x and the

nprising a shape TEPPLE

clytindvsqatly ehipeﬂlsblar a¢ll nathe Bgar c'ElﬂEun&’bty IIh seihe embodikRABHthe transparent
sol ar cell conp rlses a back-el ectrode, a seni conduct or
tpmﬂértqaélﬁgrl%%rle of plagiicros glass.i by sopenaingdisaents thg gydindrically shaped

g?a? Kelﬁ QQﬁpns%E‘Q utlcf RAPABEERE aﬁ@fh@%ﬁ%\éﬁc rGeq5

|spose senr duct or j unct
cumamsﬁspattmﬂily displosddeon uhasylmgirlcsl mbstcalerf Eheotlingdtityl saesataedcan be
o the cylindrically sh ar ceII so that there
aderds agyide Kucis ehmprrailsin ﬂgﬁag@ tig.ipiplapr glassi dgpialy, the

B'p]ﬁ(%ﬁéé? Lifhed i%o%g%g%q{tﬂﬂ% Gi‘ﬁlatlefdrg ﬁLh? %Shg gl?,erll rogen, or

n sonme e transparen
helesmrgnibs pawdé thabug ths tylindvicaldubstsate lmmsm)n“anbodlments of the

enbodi nent s, he cyli drlcaII shaped s r ce
PrEReRtAPP 1&%}?& ggamge @gprhmrmsc W%‘i?bé’t“’r ci s srlla%rate is solid.

back-1gl66t LABEdinfents e %?Jo‘ﬁa‘ﬁ lu}fcti:qn o gl hcjirlé‘@rt]mctlon,a

cylindrical su strat’e rlca str
heteroyaoieionf a aetarofgceyandtiohya knirldﬂlﬂ‘toamjmicslonmj)—m-@h jmgrtion, or a tandem

.pl astic, netal r gl ass. i call the cylindrica

ilnainr B some cmbedigE. scandvlf%gorﬂ nstipn coRer arlé[)sorber layer and
. . 1

R SRS Bt o085 B DS ted on

abforbtrdayare $ie Blimaﬂ'pba)(bﬂientsnthe Iahscﬁhm’éa)enimhppBFﬁhdi,um-gallium-

e A B o B SR D I 1255 bt e 613 (GRS ddzns,
ZHRe G 'M@%uacds?ts%m,l 24O bor pBePROOT ace

] unct i on, ried hofojunction, a p-i-n junction, or
a t ardeomg embbdiorents|, thesyhedrivab sivhipad salar, ceflHertbordmptises an

RO B e 0RO SF o R g PR R huch

cfribodHAdRS, o tralsharest c%ﬁ@@&’ﬂ/e Pdyek ﬂﬁirﬁé‘é&f HetheliRYiSic 1dyRr rather
some enbodi ments, the absorbér layer is

th@vﬂ)esemndnwt‘gaumtmndl sel eni de and the junction

Criznf Somf Headncalty Tt speePeibiiae FReptotopiises 93t laygr
citenaetr&illy ldisps UHeoremb @dhdpRRS corfddeti e hidtdMh Gith cshRRBHents, the

sol ar cell further conprises an intrinsic |ayer
tesinpranertt dvlararicasing isdilspoderdntonl ytdisposeshorcba diller ayer thereby

g Piau et e RRE S ot R v msic 1 ayer

r at hgh some embodiments, a water resistant layer is circumferentially disposed on the
transparent conductive layer. In such embodiments, the transparent tubular casing is
circumferentially disposed on the water resistant layer thereby circumferentially sealing
the cylindrical shaped solar cell.

In some embodiments, a water resistant layer is circumferentially disposed on the
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than the sem conductor junction. In some enbodi nents,
the solar cell unit further conprises a filler |ayer

WEi2pe8ePHPent i al | y di sposed on the transparent PCT/US2007/006615
Sicelaber snkuoh i

a

(EERRATE CORYCy R FIY Y § eré%a}rw«éﬂfegsnt&a 215 HiERosprhpR Hie water
a | : :

ATy RSBt G AabeRlend pfih AR BASL S ¥k Bfferentialy

disposddon thhediledlayet therebg kircurhfereoiaby ssabiag itlrsaryliadrieal shaped solar

\Nﬁt er resistant layer is circunferentially disposed on

%he transparent conductive |layer. In such enbodi ments,

the th3PHeRPRHimiRL MR sofR SEIN Unik flgﬁfef Gt el?sgeggtdl@ laYer

di sposed on the water resistant yer tf

odicnmiierémtiatlytdispobed wrethk itragspakent cotiduntivd lapdr asil apedlersesistant layer
cell. 'In. so enbodi nents, a. water resistant layer is
Cé"icl"‘é‘tf]%‘_étfai‘ﬂﬁ?sﬂoﬁ‘iﬂ o Gp e TETSIH Yre&n_ﬁ"gﬁ.\‘ﬂé ﬁfnbo&rrfent& the

A _eﬁt'tmééram Wrcﬂnfféﬂeht@d’llglt el ﬁfé@a%r%@giﬂ%tllé(yer

| sposed on tRe water resi ayer. In suc
tberbogcinemifsrentialyt seahisgtheeytindridalitaped sdamglli $n some embodiments,
ircunferentjally disposed on the filler Jayer thereh
tg?? e rt@mfpﬁhrfog@alﬁ?sr@ W&%T‘Y%M‘B&Flrgﬁﬁfgée@‘@@}’ gﬁysposed
dnbtht trahdpaRABipEAPOsENt S, the solar cell unit further
conprisés a filler layer circunferentially disposed on

t he tlnaompambotincmscthe oy Nedricale shapedi sadanvet ldorthe siostpaists at least

| ayer circunferentially disposed on the water .
qng &festrgdlg styig, where Fﬁffsq!é%rosﬁﬁ%@i It agﬁe%‘:h%neteﬁ%@ssﬁfémw

Jvel Alonfis .ttrﬁlgstpial%nf; 'bcfrﬁitﬂgfﬁ\?er lgggrio?ltﬂe)’sowr P tﬁlrégg ?r{/le lbh€ cylindrical

wat er resistant |ayer thereby circunteren

axesadfithgsdlivecetly I peiné embodimepwdths at kastoat klectrodessbrig comprises a
pinbf)di ts, .the SCH ar cell. urH'e%I furaher anpr'bses an
e lert electrode steps thahgre PopILaRTEAH spAGed g vals S dag gansparent
0 ¢ . . _
cioﬂ@uétirv@.la}%ia SR tP&tqgﬁbl"&Fali@}aé{ agctroldle ls§$§?ur?ﬂ3}9ﬁég r'iég rﬁé@gglmately

e cylindrically shaped sol ar ce further c
marallebtistach othee bloog thedylisdri¢ab axislo€the sekac helb| Elot ploddity of electrode

tri th t | t l.ectrode.strip i | d
Py o SBHFEARLLH X srtile: S dsgier iR endoriirce e
tgéiél ertRBndRAYe Pkt BEthE S@hr &M In Pct R ROk GHe sEfhsin theplurality

enbodi nents,” the at | east one electrode strip
o ehptrodesrips pdnureadpated @it abdnydypodieveh intpryak dramewgreinterval on the

Ehereihs dorarpRRT T il o olat el FORRY Eiaayments =
1@&%15 BB tHeWHliRAi A SiRipe®EolAPRIIGX bereeh §.3RAadslagH 2t et&3CIh some
other along the cylindrical axis of the solar cell.

et dphents|antopten Surkhasctf thedeansparepgubidar dasing paicathrest

t, f I ixty d I nt | f

of 1 HEM Pt icpset B e Qe APPUER R pER Vi 3 soler Soff ApseRBf
dofhprdRig.a ploR1I8] §sbl@dell Ghikd. MBach RolahelPirif ialthd luldlity of solar cell
el ectrode strips can be sggced out at any type of even

units das/tie stinctureenfany iohtherse i cdlhunitsedeseritied @bovst. Theesolar cell units
DGR SR S BHSEa i 0552010 Ebbaghgpr o
BNy C 8l $onmSerled dipefts Ghe soTBt BEEMBIY FurhdiRb@bfises|al af¥dB 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 is 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 units is
electrically arranged in series or in parallel.

Still another aspect of the present application comprises a solar cell assembly
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enbodi nents, an outer surface of the transparent
tubul ar casing is textured. Another aspect of the

2884803130 p d B GB{Up2007/006615
gl arar B b B Gl fpiea heRoorFieh of e
Sk belt Bhits 1'n'ihé ﬂ%rﬂ#}%ﬁo‘l&r%eﬂmﬁ@ﬁ%rth@ &Hct ik §n)h&(5j;h5 B&lar cell

structure sol ar ce units escr

Lmlus‘descrlﬁh@almﬂeaﬂn ded mbedimsnt, thetpgheraldtyuofahtetngl ﬁ:ﬂestofs&fre arranged
cell units are ll%ranged i.n copl anar, rows to form
I8 GPRIAN EPYVS YL Wh |leiemﬁhre§sﬁer8é Insshtysof sples C%lbwalfs abut solar

9
BAIFTPLY 0k U] of SATRY CHAR R ARFar cell assgbly. In
mnieaamhbellmenm iah $nteinal &ﬁaaoemhhd phealits of inl’tﬁnz&llrét%écors has a hollow

surface has an al bedo .t hat. exceeds 95%

I n
Fo ddlisrEsegbogdiieenis. ga irseraak releeor i the plyradisy o laﬁamal reflectors
A T
casihgr In:ﬁinhe a:mbddlnnenﬂs,h&l ipteniat kéflegtonin the lphuralitglolf intexintisreflectors is
lectric ged in series or in parallel.

aﬁﬂﬂﬁ? iR M3 ? oa @Q?H%WF A1 s Bhiomgspnbedimewss, a cross-sectional
s‘fl?ﬁg;&ﬂa%qmeﬂra? QlFREtof & th %ﬁﬁ&lﬁfg Fﬂ%&ﬂ&l‘ rgheao@ @éﬁ%ﬂl | f¥ome

olar cell units and I nterna
eméfddentms, s crésaehctafnat shaps of ar intsehdl reﬂnct&r in thetfherality of internal

ural it sol ar cell nltshsthestruc re of .an
Bhecicrs isbpisioEred g Sk of e ol 58 GbSvectiong! Hape ® 1
farpat r@g%aveg &?&iuﬁ’dr% 1ipti¥alOfin \k/\ﬂfn% Elﬂ%dlfn%fl s&f Eﬁ?fse%flsnal shape

arranged In coplanar rows in I nt er nal ectors
dfantifternal reflattot in thé phmzhlﬂy ot eltdrnalmeflectab it fosphided awl 4 side of the

o B S PP 5 b B
an i ngff faknd: ggﬂ@%ﬁéquleb lfcgﬁorpll[)ﬂd(/i%leéﬁlfolg{)cé dlrUn?{dBﬂ{prlsmga

reflectors core. ITn sone e
dyhhericshkhaped kelat call, alﬁ'lllbhkaypi amchd transpefeni tubelanedsing. In some

refl ector stl casin h a |l ayer of
dipenty the Pgﬁre%f%weﬁﬁgﬁew 6ﬁ“’tﬂ‘i‘égsp“} %@Wew&a bstgte, a back-
éFl) trod 1r@\m1’1‘3%n'ﬁ§f‘}tf §rs ﬂndﬁ@gllsﬁﬁsttﬁfe h Berthf88nductor

dl
0
urality of |nterna refPect rs 1s a single piece
joed®neircuaferentiatlfy [desppsedeomthe backatlectiade st transparent conductive

enbaodi nents, . .a cross:sect.i onal n i nternal
IR RBBOT STHOE AEM ST G Sy egP™ AP Pindicrobiiegs & e o
lﬁﬁl'b(&@tl dyliddar §é3§9tu%9j3&cy JBBACSlinderC ‘Tﬁ@ sitlee1a}drq8 ékc&%ﬁ‘ﬁtlally
an internal“reflector inthe plurality of internal

d1m‘olsei:d>mths tiagsfaoent csmchwdvaladelaarsh thetrafspateat thbular sascleds

SR Ao B br sl SRSl AL LB n 05 Sodance i
tEfsQ@ﬁe‘c? §£tht apRlicaibRRBe $middhdubio?jutrtion 85hfGde8an 'aBsotrl!Sla@ layer and
plurality of i nternal reflectors is four-sided and

agjuniesicnf partner lhmrrand|tblaemnctmmmér:haycrnamr@maﬂwndelﬂy dl@sosad on the
use surf onthelnternal reflector. Still

agﬁ%r ﬁreleer“b‘B & ROSORRST Layst lsc“érFP‘Bﬁerﬁ‘Pt!ﬁ‘@V Jisposedsn the

BaBklelcdtbde. CIANBe SnitBdAn&Yd intdEdra Ml ceSTaP@E: Spécbf &Rlapplication,

a filler layer, and a transparent tubular casing. In

tb@ salaregebouiitrfrther compriesd anrantireftectivheqssing §t§¢tanfec@|tlally disposed

S tp‘g |sses a ﬁ%’ 4 pgrllcal substrate, a backel ectrode

8 Pk TRAPPREHH P%/ %?%gposed on the cylindrical

substy@tafothdr s&pettGPfehgiptitatjoaehipditesd §dtainteR Al cbabtiYing a

di sposed on the back-el ectrode, and a transparent

Qdndiieal 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
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| ayer di sposed on the sem conductor junction. The
cyI i ndrical substrate can be a hol |l owed cyl i nder
WPa0e$/06031§phe) oy a sol i L .. The filler P&JAIS2403/006615
JPRGLION Firapm ?rgpily dispg 6Hac§<heéeqt§o§ﬁ radFanspdrent conductive
p I |
B e e T S
cs(bn@r@nbdndlluwm sylimlen@qpyadabe)e Thetwat¢rhesstasdegdr iof the

Ilcatl t he se conductor uncti on conpri ses. an
g ;ﬂapoaqﬁloo FJﬁE%HaEﬁ‘?t Ridye b&veﬂarﬁﬁlef fpger
dn*éﬁﬁ?ér&ﬁlaﬂﬁrdﬁ%%ﬁﬁd SVEE Na?er%srlsﬁémfl eEn 15@111 g%ﬁnﬁsﬁgr casing is

he absorb ayer whi | sor

cmcumfmérmaélmdumlokqd letcsrhcsfdhtr tayet.he back-el ectrode. In
sone odi nents | ccordance with this aspect of the
appl .@rﬂ) nQHher pypsely i ths ApRiCRGIprOVidES # pRIAT @ rHH Y COBWrigHe a
c?ﬂhdh‘i@ai hrﬁg&a VQaCQat amen'apauzﬁafe% %sas@aln!t 1& %H@%%qn% ent

he transparent tubular casing anot her aspect
tuthdaraqaping c dhe oylircbivpl shaps wla@bﬁmomptlkes reiylindrooap sutzstrmtg, a back-

l.i ndric sol. ar cel | ter resistant

oot St EreaPaEgaposed A e oot il uefen s onductor
ﬁ@éfoﬂqlrc(ﬁh?erawan? S?c'd &hﬁ@ﬁé’ﬁksaé&f ge &l GPIRPdr&R S oflductive

cylindrical subs backel ectro
lgyer dwpbﬁdmthakdrmcdmchpm guhctinn.t hike cy;lindndallsuhé.trate can be solid or

subst rat e, se'co uctorjunctiaon circu 1
SR8 B on ieRE bR I e Iiau it a5 el e thnsparent
cHRNGHAGE 'lé&% | PEwadh 1%@8&1%9139& is Gﬁcﬁﬁm&%ﬁy 8?5865ed or} the filler
junction. The cylindrical Substrate can be a id
layeri ble tramspagenhivblianestingyis cincenfefentiglly daposel @)ﬂo t‘lﬂh evater

wat er .resistant layer is circunferentially di sposed on
I?%%”PH%%@parent conductive layer. The filier I|ayer
circunferentially disposed on the water resistant
| ayer. The transparent tubular casing is

ci rcunf er ent § aBRYEH BINSSRIPPIORN GFTHE DRAWIRGY -
Still another aspect of the application provides a

sol arFlgeﬂ |lluf’tpdtés iARIRINhSd OB sAAaréhs HY6Rk ée'\@ﬁﬁﬁ)eﬁmo%n

cell, | ayer, a water resistant ayer
transparent t ubul ar caS|ng The cylindrical shaped

sol ar_.ce|] | . conprise ndrjcal substrate, a
packdibar BESTRE € Shedrdtol aap?@ma@atgsae%rtm g layer and an
nCtXrbé Bt Gk 1%%@&8&%% with ﬁ@ghSPMUCt or junction
circunferéntially di sposed t he back-el ectrode, and

a transparent conductive |ayer disposed on the

sem ¢on unct I.i dri cal substrat an. ..
e sdE oA R Pt roiRs POV e e peart vl siticon
thise S A-GpECERRRERY thut Bis3ReS Sebjeted RRUIFHARS BRERHA into its outer
conductive |ayer.” The water résistant |ayer is

soifacaunifemean Datet g-candistsiertypa regien did thes a hubpdar sofmheel! in

tra arept..tubular casing is circunferentially
2GRS S PORe ™t or resistant |ayer. 4. BRIEF

DESCRI PTI ON OF THE DRAWNGS Fig. 1 illustrates

i nterconnected solar cells in accordance with the _

pri orFigrdC ispjggossaactianaligiewafes clongpiad solentelisiplageordasice with the
piri%glaH.di ng a/?-type inner |ayer and an

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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tt-type outer layer in accordance with the prior art.
' 2B illustrates a tubul ar phot ovoltal c el enent

WOSI831Ag a cylindrical. silicon tube of *-tyB&T/US2007/006615

condUdgiak By Forarsertinabeen of atspiee P@Hasts%mbﬁﬁdﬂ%’@ﬁfiﬂwa distance away
1R A0cARNifls Wl 19U BRGBL LRI Sdrd™ 27 Out o

ucti reglon an us a tubul ar sol ar
cell in accordance vvlth the prior art. Fig. 2Cis a
cross-sectional view of an elongated solar cell in

accorfdgridellstraies ﬁgh%py@palcafpl@mem,@th twbulag caging, in accordance with
r [ I olar cell assenbly in which

aﬁ Eﬁ&{t O?E)}? pr%@g%‘égg G 1SO?)LII ar cells are affixed to an

electrlcally conductive substrate in accordance wth

t he prlor art Fig. 2E is a cross-gsectional viem10f

sol alig ol ilysEnd §ro8- S5 HeRH Vie WP saneeraatify! ar.ce)lﬂﬂra; transparent
t@tﬁﬁéﬁ%&ag gin‘éféédrdé&e%&oa{ AaGRI ﬁtl'bfttli}:e%mg{ hf)%pd'@lr norf' 9

rates a phot ovol talc emen
casing, in accordance wth an enbodl ment of the

present lication. Fig. 3B illustrates a )

or os gt iymtes e T EoBRYKN P 88 clangstef solancell in
r i ce wth an

oL GUARE A o A AT relch BRARAIANEE ™ 50

illustrates the mul ti-layer conponents of an el ongated

solar_.cell.jn accordance with an enbodi nent of the

pr esdhig %Biww @ Hanspagnt wpuiar pasineg, Mt asolanseapiihap gppodiment
Bden %fﬁl d n accordance with an enbodi nent of

he prese app Ication. Fig. 4A is a cross-sectional
vi ew of elongated solar cells in tubular casing that

are ectricall arran | erie d geqnetricall,
ar raﬁJg%cMwaacr FgFfiQa &ewr&gf rﬁa@ﬂ?@rc A &tbul lgf gasifg that are
g'ﬁfrﬁné@d Zf%ﬂﬁ%@brﬁ@t?ﬁ:alqy arkdN e@ Tnez?ﬁi}tallel or near rE)aralle:l

appl1cation a Cross-sec |ona view ta
radymet, ih amrd@Bee’lBﬁhfan femdpodduent epihe tprasgnttapelicational

el ectrical arrangenent of solar cells in an assenbly,
i n accordance with an enbodi nent of the present

appl 'P‘?QQ!B)Q -a df b&se@tﬂ%daﬁvx@w%l@ﬁféﬁ@uﬂﬁ{eiﬁ?-%'o\f‘Flg/ '4%V\ﬁér¢§cting the

region 4C of Fig. 4B, i1llustrating various |ayers I
setidrejetrech] swirgemeet dfssoldr nelicioandaseowlyiin hcanndance with an

e di ment. .of the sent application. Fig. 4Dis a
e&"rrggggn%Q @ﬁ?sevﬁwﬁ?tloé‘n el ongated solar cell taken

about line 4D-4D of Fig. 4B, in accordance with an
embodi ment of the present appl ication. Figs. 5A- 5D .
il usﬁlg altCelsgldﬂbwmpmcstpoctl\jeunw ioﬁr@ctm“e@ oflig. 48 atlustrating various

é?errslt ﬁlge (afglélgeg%p aéﬁf)l?sio ifge{chﬁiancse Jv{]h one érg osdlr%gr?tooqjt}qepresent

application.

Fig. 4D is a cross-sectional view of an elongated solar cell taken about line 4D-4D

of Fig. 4B, in accordance with an embodiment of the present application.

Figs. SA- 5D illustrate ssmiconductor junctions that are used in various elongated

solar cells in various embodiments of the present application.

Fig. 6A illustrates an extrusion blow molding method, in accordance with the prior

art.
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Fig. 6Aillustrates an extrusion bl ow nol di ng net hod,
in accordance with the prior art.Fig. 6B illustrates

WarR0846886i on bl ow nol di ng net hod, in accor dan®ETHSEH7/006615

the prior art. Fig. 6Cillustrates a stretch bl ow

mol dimg 4etiReMated - \d; ri Ei: g, :
T i o 7 Earct B BRER0R B bl Mol in e lnce i the prio
al.ectrically arranged in series in an assenbly where
counter-el ectrodes abut individual solar cells, in
accordance wi th anot her enbodi nent of the present

appl IGatd@Nusfrhils a {RotbIPbRWHhIRTIEHRE ' i
about ?i ne 7u§-r7Bs %g Flbg. TA tﬁatgsrgg%{)%’? ﬁslla%%(lre@égg% iagtﬁ%e prior art.
arrangenent of the cylindrical solar cells in an

assemhl y,, in accordance wth an enhodj ne f th .
pr esregﬁs- Hhpia GsirwAton ylewmt q?@gatesépéb gels Jeetrigaiy aganged in
BfiEM afas@inty DAkl G uhiPY] b9 Rdiv} "IRNG

R R phi leBtro & 3 AR | R A I S aggordance
with anathar smbedimdno nfithepresentadppbtaiogat ed sol ar cel s
electrically arranged in series in an assenbly where
counter-el ectrodes abut individual solar cells and the

out erpid G |s% Ghis-sebiforAf ¢RG4 ' heATi9 i i
en‘oodil nt Sof tsesepresenlt app faé)\gﬁlgi}]. ?g%{fgl%’s?Aathatdepm
the sz sreartigeoeat ofthe vylofdrichlocotpatelth in@hasseadly,sn accordance with an
electri calfl% arranged in series in an assenbly in
Rphodime of s srseRLIRRNICI%ct r ode is hol | owed, in

accordance wi th an enbodi nent of the present

application. Fig. 10 is a cross-sectional view of

el ondag.et sal mrspeetivesview anarray af hlyersatingrigmdar casiags, i sccordance
in an assenbly in which a groove pierces the

‘ﬁ‘gh?ﬂ gpﬁgﬁ@g{]%ﬁﬂgg@%ﬁg@%@@m. conducti ng oxi de

| ayer, and junction layers of the solar cells, in
accordance Wi th an enbodi nent of the present

appl ifdatd isn.crétsgectiohal viewsf ielingsted salantdlls eotizely patnged in
Sfor use in SQIre enbodi ment s

T Founi- et roioa 60 BUIRIOE! ol M skt ovter

SUE iPCRCP S _
TS5 &, i ABEr84He HifFeNotheP EmbOEMRhESARAL present application.
application.Fig. 13 illustrates a cross-sectional view
of a solar cell in accordance with an enbodi nent of

t he 14 il l.ustr.at

.esent application. Fi | ded .
t ubulti e RS Rra b Rawint Blonkiind sHEC s BaRall arrapecd in
bR iR8 8RR WEiRh tRNinndt etalldedtlolib! 5 KAMo@Rd &in accordance with
per spective view of an el ongated sol ar cell

anresviodseeny oéthgipreseptapplicationg el ectrode attachnents, in
accordance with an enbodi nent of the present
appl i cation.

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, transparent
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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Fig. 16 illustrates a perspective view of a solar cell
architecture in accordance with an enbodi nent of the
WORBSMP318ppl i cation. Fig. 17A illustrates |igRET/US2007/006615
reflection on a specular surface, in accordance with
the q‘ggolp iRl &tratds! agcrogszs%cﬂiérlayﬁegfa&f%ssoldr gEﬁ 'rLfcfcbx%ﬁﬁéeo\pith an
on a drffuse surface, 1n accordance wt Phe prior
eatodirherg of the@redehtegiptiastes:. | i ght reflection on a
Lanbertian surface, in accordance with the prior art.
Fig. 18A illustrates a circle and an involute of the
circlmy 4N AGEA S3NRE idid C%%lﬁ B 4Rbrddhde \Eitlgsor&gﬁpbodiments of
i 11 ustrates & Cross-sectional Ui ew of a solar ce
the plesdrneapplicatiom accor dance wi th an enbodi ment of the
present application. Fig. 19 illustrates a
cross-sectional view of an array of alternating
t ubul ' ' I ' :
w th 5 SRRt ery R R o D oh EEREP st ARSRIGRNGR with
p2éifudinhg eisttraleastachrsentd, ilaccomdcayith as embbyinteat bbidle ipresent
accordance with the present application.Fig. 20B
apPlciiCPat es a pressure | oadi ng assenbly nethod in
accordance with the present application. Fig. 20C
illustrates a pour-and-slide | oadi ng assenbly nethod
i n adtgrldativgratdstaperipectveedewtof applar cal arolnteckirgin £tordance with
illystrates partial cross-sectional view of an
aéwa%ét%“% PIESEN] aRPHCAI0r anspar ent tubul ar casi ng,
i n accordance with an enbodi nent of the present
application. Fig. 22 illustrates Qtype silicone,
si | sdugilanlestrddes lyghe refldcticoon a apatuMr syyfeesinl accardanderwith the
accordance with the prior art. Like reference nunerals
Rrof &ttt o correspondi ng parts throughout the several
views of the drawi ngs. D nensions are not drawn to
scal e. 5. DETAILED DESCRI PTI ON Di scl osed herein are
nonplRagal7Bsitlustratesdight acfetitm ores diffuse sunfiacey ini acgordaicarwith the
energy into electrical energy and nore particularly to
H”r‘?ﬁf"gved solar cells and solar cell arrays. 5.1 Basic
Structure The present application provides
individually circunferentially covered nonpl anar sol ar
cel | Higi7€ iBostratésdightredlectibruen a Aambeitian penfageeintdcoerdance with
view in Figure 3A and cross-sectional viewin Figure
REPTIQIAr, g0l ar cel | unit 300, an el ongated nonpl anr
sol ar

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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cell 402 (Figure 3C) is circunferentially covered by a
transparent casing 310 (Figure 3D). In sone

werh .693% s, the solar cell .unit 300 conpr i se8CH5ap04{006615
cel | 49 %o‘gt‘%at%%H‘Fe%uferlﬁﬁ%%ﬁ%*ﬁ?“%g’a@ﬁli‘ad ngecordanesoyith the
Iﬁg@g@%&ﬁ&h§m.only one end of the elongated solar cel
402 1S exposed by the transparent casing 310 in order
to forman electrical connection with adjacent solar
cells.4 or ather circuitry. In sone odi. ment s, )
bot h FiAD e iganialdoloafing Sremmbomgiod i pisomtsnce with
Y plebgi LhARaRas ent casing 310 in order to forman
Q%%c%kﬁ cfzsallf1 connection with adjacent solar cells 402 or
other circuitry. In sonme enbodi nents, the transparent

casi 0,,has a cylindrical shape. used herein, )
the t g'%]ldy}l?tﬁléﬁsi 1aﬁ§g}§§-s%]o§a\ge\ﬁf§$ AR ﬁloggateg solar cell in a
tgaxkﬁa?&ﬁ 'tllﬁ’cﬁlllar(é!ésiﬁ RA QXL Yifh¥n e%jd’o'dﬁﬁént%hﬂf%?resjeﬂt application.

act, cylindrical objects can have irregul ar shapes
| ong as the object, taken as a whole, is roughly

0t o B s QR itane Silgeanigne JaBype SAFonLa M-type
NRBRI Roactialce it HbkiaF afBans obj ects havi ng at ubul ar

or approximately tubular shape. In fact, tubular

obj ects can have irregul ar shapes so long as the

obj ect,, taken as a ole, is roughly tubylar. Although, .
rost ks EERs R FicP SORFPORY et TR et b SRgH views
detheSth@ng € Dimbidrs ap0RotdrSvh b {chR. context of either

t he encapsul ated enbodi nents or circunferentially

covered enbodi nents, it is to be appreciated that such

di scussions serve as no limtation to the scope of the
present applicati od. DEDAILERIPESERIPTHINNg t hat

provi des support and protection to el ongated sol ar

cel | Diasldsedeerdit sreaioaplanarcalar celh asembbessfobednveingtsokar energy

.el ongated solar cells are wthin the scope of the
1@595611%agﬁwr%ﬁmgre&aww@mrbﬁ@é@ﬁfovgé 5?%%%&8&}%5 solar cell arrays.
Descri ptions of exenplary solar cells 402 are provided

in this section as well as Sections 5.2 through 5. 8.

For instance, exanples ] or junctions that
can be used in solar ce ?éﬁﬁggﬁgggugéscribed in

Sect ilow mesent dppbingticarproviiet indyiduatly necunotgsentiolly covered nonplanar

nuf.act.ur4 the transparent casing 310.are scri bed
PR i iR W S PRRE s e T Pt R R
S&¥sakctiodhl Sie? QR Fdurd13Bhén & EARSRANGIE 300281 S18ngaléd hdhplanr solar
order to formsolar cell units 300 are found in

cgi @02 onigare BQ.is Sa¢umrfersatinllyuenvered3nm Eansprenteasingi3il @ dFigure 3D).

into solar. cell ,assenbl. es varl ous Si.zes shapes
th§08s REpaNiaRHls. uRIBET Y e 00 fEhb TS  SOAESIYL SARESFun o
tRinERirert IcBdiflS 31 71 Bilsomedrhbokdimi&its, ahBSorelt@d of the elongated solar cell
cross-sectional view of an exenplary enbodi nent of a

498 linexpostd bytettraggarenocaseng 2icimpirdgryo &roali etesitieal gpnnection
sglar._cells. (e 402 in.Figure 4A) ar | so. sui table
) Bl oo & Gpartisb Y, dp ihs FoSoQilir lyb 3hborme
cldhated s614b 61T #3Eard @Rpssed ¥ sheatandpabitchsiag 8106 Of orfi&eo form an

solar cell 402. In o
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.,
arod) or hollowed (e.g., a tube). As used herein, the term tubular means objects having a
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WO A (6818 403 i s C%lbé{]&él ca)

sonme enbodi nents, substrate 403 is made of a plastic,

metal , nmetal alloy, or glass. In some enbodi ments the
sone PCT/US2007/006615

d. In _
WHHBTTAPRI I MEtRY W e TagBinabuler ABIEF S RAL ke imsgular shapes
§ollbﬁ’$£§tﬁ539 ebt] a%waw“%@} k%&g}ﬂfuﬁm?d' ments, the

substrate a SO|I core n sone errbodl ment s,

t he shlalpmghfmdshéls&lsbmhs at the pt3entapplidayion pprtaiKingad @d»lyr cell units
t hat

I | obj ect . .
{05 Punfertmtdruiciane Seapyi S bel meneios Cromtesially
c%,fvelteP %rrfbHQﬁ’ﬁ "f’s,I 9[ i %eda%fpk&%??‘er PRalukh H%@!l;]gsfbtrlg Servi Qéaﬁ]o ﬁmltatlon

circ termis use el n, such appr oxi mat

te hlaqmdp@bf tfhe tpsesamtelpphmdtﬂonc Mmyltdiasmiem yhsimgthiacgrlolides support and
shaged I n the present El icati

T anEalsRisoBF cellsB tpﬁew%ﬁeqtﬂ%algaﬁgeﬁi%sée%@emtée
@onr{)gagba |sBRRkelfd ?%@thf@ﬂh%&?ﬁ%?thfé%ﬁhﬁ%@%ﬂmdh ng%rf?%sent

nments, or a por e substrate
apphcagiod. t ube or arigidsolidrod. In sone

enbodinents, all or a I O the su strte 403 is
any gfé %captew.qﬁaﬁ?re@m&?i%@e@%f%rﬁawgv e@yp &pgetign as well as
SHAPS 5. Nhr%n’%g @mr"&dfngf%ﬂ&es exérﬁ';tﬁ f(’;’ﬂ%ﬁﬁ uéltglzjuhétl(?hs that can be

rigid tube e out plastic ne
woad odioharcels 40hae dvmrlzbbdi imbkction § riarfs(eofpla:rh eyssmaand:mbtlhods for
is t.he sa shaeastheéllébstrate

AYWEE G the FRRsParaRE casing: |ar%9t§sgf1bgcﬂi§b$§|cg<pn P e Hystgms and
rﬁ&hbd§ for Qéd‘tlfng 5613t célﬁ@'@ZWﬁ‘n BB ARAS rp%fen& BRi n?ﬁp I‘@E r49frm solar

I'n some enbodi nents, the substra 403 1 rous
ceH usdsréO(bwbcfdmmbmtSsptlmmé ISudlarati ud(ﬂS?:(DQscamkgladsembled into solar
(,gi dity. of .a nmateri al n_be nmeasured usin
o Prerile® R Friohs SRS REES (B EESIOE CToe it Bgnd gotentally hea
WANG thdF9Rdsus. In solid nmechanics, Young's Mdul us
(E) (also known as the Young Mdul us, nodul us of

el asthigire B iduststtésctherombss- sestional tvégve pf &n eredpllarg pmibsdiment of a

B Sk BB 08 1 GuRS presmeg hidirfents PEitfhe Celifeignedopf Figure 44)
0 algh %%leoffor §&ftﬁ%~°oyVﬂ t?%sﬁéréﬂ'cﬁsmg Big can be

experinmental ly detefm ned fromthe slope of a
st r essiraiaidi3.c drsubsteate 4 strersras agubsrasd foe thesstas cell 402. In

duct ed I f t terial. ' d
PO PR SR D31 mge o PG gictl P Al abes. In
some embod ¥RSHIGINS sTPHAtF)3YQ UIehdFicADMHpES ThEdme @rrﬂ;@hrﬁéﬁts the
GPa Ibf/in2 (psi) Rubber (small strain) 0.01-

subgoee 463 oo lLchWWdémlas ylltptratﬁéum‘ﬁig@r@ . smnmnbodlments the

TR PR R DG0ba 208, TB50RarBRnaas: RISt HuRe Spsiaatg 403 i
apOxinldRl Pt JNS’A Qﬂlnarlzal%%fécg Q&aﬁ&@ thQQ oPbI4IELEHHA taken at a

alloy 69 10, 000,
right angle to the long ax1s 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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G ass (all types) 72 10,400,000 Brass and bronze
103-124 17,000,000 Titanium (Ti) 105-120

WOR0EM0HH0- 17, 500, 000 Car bon fi ber r.ei nf or ced PTASEIF/006615

epRipdsmens theorisral Liten shaes 9idhasolangediy dyFessm yhaptheigftape of the

400- 410
Lh 0 o aBme S Pa0e ey MGneer ILese Rl
_65, 000 s6f6 ehbbdisients, drrsibsietd 0) is 450 GRQidity of a material can be
65, 000, 000- 94, 000, 000 Si ngl e Carbon nangot ube 1, 000+
ngur@é@\swg@e\grgl%ﬁﬁge@t@petllcs)g@ luglingg put not limited to, "Young’s modulus.
1 fm
SRR, Yot Mt (ARG KRR TR b, modulusof
eﬂ&ﬂwy,%laﬁ&embduhxs ob&nslﬂ@hddwllagns htneiaﬁlrﬂaﬂfhe @flffﬁess of a given
materi al, that has a Young's nodul us of 20 GP
ragtenadl e ft is defingdasdhe @ﬂeaﬁ% ﬁmau@tr@% ob Fhega@af @hangs@f Sfpess with
gr ,
fHaind R Sl RpcRe R PlEEEhed Bom e 5fe O s AHRELRHin curve
cmﬂtaf duing(tensije testd@ndudied ok eardpld of t}& rﬂﬂeﬂfiﬂdmegiBanodulus for
i.gi d when the Youn dulus for the material is a
V@HH%% materials dt giyen é{h‘gé?ﬁpo Eﬁ?’ﬁ’s Such materials are
called linear, and are sai d to obey Hooke's |law. Thus,
I n_sone enbodinents, the substrate 403 is made out of

]}9[ |ipear material that obeysYbapgenfodubyy Bamg!sanodilus (E)in
AHER nmater| aI s i nclude, but @Epin@Pal i M ted tmf/in? (psi)
r})t at ow str ai gs) Sng n- |rl ﬁgarsm 1,500-15,000
EEEVY é? OLVﬁglyprgsent applicatio 8% not [i m 3&2 900
PP ?‘ees tE"at have rigid cyli ngi shapes -¢20,000
Rabysthylgnsdsrepfhelaly o portion of the? substrate Q)@O ap0,000
Rodystyrareact eri zed by a cross- sect idohS bounded bﬂ%&ﬂ%ﬁeé%ooo
Mylom nunber of shapes other than 3fle circul ar 28%,8¢@4880,000
Alepiisiredllon Fi gure 3B. The boundi 6§ shape can bé0,86§,000
GRss @fl tgdesyul ar, ovoid, or any shape characteri 26d0®y00
B'}‘él?sé?{d Hi‘@ﬁz% smooth curved surfaqgs.j2gr any spli ¢® 006,000
rved surfaces. The boqusqgoshape ‘?900@b§6’1{7)€00 000

Il ?i cluding triangu rect angul ar
Argi%iﬁbér e‘%rﬁéde%laét%al or havi nglny number of 2186&600

?—:‘) The boundi n e can be a
Q}gt ‘r%é? StF’F’ls 3, 5, or gr eatqgﬁt}t?ﬁan 5. SQPQOO 000
Brrkgstssé‘éi)u on can be bounded by 4R%-4éBnbi nat 5&90%900 -59,500,000
Silieweearlside {3i€¢s, arcuate surfaces45br curved subp$.8e@800
RAmgstes caibioled W€y ei n, for ease ofd58i650ussi on65A0§,00&A4,000,000
Single fCaehow nadbtubel ar  crosssect i onl,080+4 | | ust r at edl45¢000,000
DiaRloagde0y nonpl anar enbodi ment $0@0 1t2o® phot1eg,.000,80@175,000,000

device. However, [t should be noted that any
cross-sectional geonetry may be used in a
In some embodiments of the present application, a material (e.g., a substrate 403)

is deemed to be rigid when it is made of a material that has a Young’s modulus of 20 GPa
or greater, 30 GPa or greater, 40 GPa or greater, 50 GPa or greater, 60 GPa or greater, or
70 GPa or greater. In some embodiments of the present application a material (e.g., the
substrate 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 some 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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phot ovol tai c device that is nonplanar in practice. In
Fs)oms enbodi ments, a first portl on of the substrate 40/3
WOL0eepHEt erj ze Cl 0SS:section 006615
PSSRt TR e A N R
sm( e@ 0% 8Ad G5 RS SAIF&CJ b&lﬂ@ﬁ oﬁﬁl"égﬁbstx‘ﬁt@éf(ﬁ daR®elchfirateAd by a
second cross-sectional shapes are the same or
cmsfsfsecrtmmtbouhdecbb»myeomm iamantbst ofthapesagherttian the creular, shaped

ercent., least thirt er
RhigE R EiE 3hY 1BEBSGTing Slaor ST be Y inelosRFCAEE b gr any
sﬁhﬁg dha%fe‘?i‘%@& by 8he !)Ielﬁ&te SPRGENE M VRESRBES, ofaﬁn)J s%ﬁ%@ of smooth
percent at eaSt nlnety percent or a

dueregtShrf@cfeSI e bowrstingshepa 6 also behbmactrematmedmblyadtdgerlangular
flrstlcr%ééa ti.onal E E .I'n sone lganb?glrrents cF R
IEGUPR Ay ’|}l§ﬁ%ﬁ°n§ QB aying apyipber of finear segmepfted surfaces.
BHeYdah@ing! 9aeple c@f8e hAG- g%ﬁcsm&e%s)%Ss %@%Féa%‘ @hans_cha@xe tﬁka&oss-

at | east one arcuate side. In sonme enbodi ments,

sstiyat qantbe baodiaddyrrmpeombiration ef hagae sycr@icysr@rquamurfaces or curved

s@%ﬁe}‘: Img\i‘gi%ls%g:'e é{hg{%p&f#rfp%?%gﬁ %@qu@ﬂg onl bgnngr%rrﬂfgc?a %llrcular Cross-
s@&idﬁqg hﬁfsﬁﬁl}éﬁ Eé‘%%@@m rRApMAH e‘illﬂfddmléiﬁs oﬂﬂhéﬁﬁot@@&%’c device.
phenolic, polystyrene, cross-1linked polystyrene,

Pﬁxovqwestlteshoukdcﬁwmctﬁbnmrw crgsstsyeiamgl gaosetnyohayeheyded mea
tril di
@8 05'98%11?51%{'18% gt“:‘?i%?lz‘ﬂ%r méfﬂ%}ﬁ%t hacryl ate, nylon 6,6,

cel | yhesme 3mdbainnRyh YirapBrtidnefitht RbStra€ adRAlsoharfab@tiged by a
vinyl, plasticized V|nyI or pol ypropyl ene. In sone

ﬁmttp@@ﬁsmm@al shape sudbe secanéd pad®njos theestbstegte 403 is characterized by a

I I t t
A O e Enind uere e T o Beood P b gt e the
shm? SAUFRACHIC 11DSorik @fBodiglbAs Sat ¢ B6eh ercemtl htdadsetvienty!p&@bent, at
silica glass, soda |ine glass quartz glass

lgasatlmtb)gpm@té, at leagt i@hﬁydr@rqgmagsleast |ﬁﬁymed@ng jahlsast spyy psecent, at

| | ted gl
FhsF e e Bt AP RER S BNGARr o BT RSE plteB R sl g lgnanh of
tRe §if¥sirste @0B i\ hat &triz8MBP the fﬁmos%oéeu%;ﬁykuaeelr It &me

substrates 403 can be made out of a plastic, glass,
emibogdiments, theefiest crabs-septionah skapees platarde.gehasno arcuate side) and the

Cross-secti.on t ate 40 circunferenti al
sefOS et ial apefas dres! Slsrais i o and 100

bet WagRorthe BMbaithents, ¥ subSEAEE0B B nidde a0 d u%?hdﬂé]folymer an acrylic
bet ween 10 nm and 40 mm or between 14 mm and

polymgsne llaerepdlymentpslybgneanydazode eelydmidst palistrailiepsoethylene,

R SOSAbL R, D05 B0 R ROBh g ros e

@%&%Iréréﬁ Qolﬂf@s'ieﬂ polgcirbbata)ipb yethyludle] SoMpeihy 18 bergonitifa.

such enbodi nents, a cross-section of substrate 403
huéadmﬁrsa@@@ﬁ pgleféptlta@ugw ¢thylere, pakymethageflatei nydon ¢, cellulose acetate

bglgrgtgm&:?lu AN %été% ?@lg vﬁlgfl gﬁ%ﬁ %5@91 B or E&gp%' gle% s%me

en t I nner’ e OU

enfodinans thd subbieats WOB isiride df@ﬁlmlhﬂsﬁ@ft@gl@mpedﬂomn&t@ glass (e.g.,
the t hi ckness of the substrate 403 |s between 0.1 mm

Paiex, 2OirdmS Bt ki dThmiglags gerimnism / granigrdvcwr glagislass
cgﬁg%‘b i s'ﬂﬁ@ateolr fupﬁgs‘{‘ﬁ&rglés@ngoﬂg finfe g14%s, (jitﬁlré%ﬁ%s, chalcogenide / sulphide

di nent's,
glass, fluoride glass pyrex glass, a glass-based phenolic, cereated glass, or flint glass. In

some embodiments, the substrate 403 is a solid cylindrical shape. Such solid cylindrical
substrates 403 can be made out of a plastic, glass, metal, or metal alloy.

In some embodiments, a cross-section of the substrate 403 is circumferential and
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i nner radius i s between 1nmm and 100 mm between 3 nmm

and 50 mm or between 5 mMmmand 10 mm In sonme
WORBBHIAIAL s, th?Bsubstrate 403 has a | ength PCT/US2007/006615

hapan peisEitiemeLsF of Betpken Hunandi20q may bsivaen dupm asd)7 Sy between
i 5 0
3 AP R b B 80 bk S50, RE LG 19 o LA007 B some

ehiiodimaents, hrrasacaivnaditienibstratt 403 ishsicnmfe et BB and has an outer
10l | oweggube havi n%@)ﬁ outer dianeter of 15 nm and a
HneRRIdetyenyl B mMy ength of 1040 mm Al t hough
the Sitl)'lg%é BoditntsS tkﬁ@ﬁ%ra?e%@oik 'ag%ﬁer\wﬁll) 9“51@0\3%1 inh&r portion.
wi |l be appreciated that 1 n nany enbodi nents, the
I8 vt eralhozl i OB s vd drbsshvttoraofrsnbitoate 40¥ B chmdcteritdd Wdopinner radius

i.gid tu ar structure such as that f.qrned a gl ass
defifie ﬂsfaﬁqﬂogfeéemesa%aw. OUBCTAY RS-EFMI?%@@C% wegt the inner
LM 8 B0 i e 00 WS SR AL 3y 40 s,
thdehickassrdflthe substrge 463 &l betwdva (hhakn ehd?2d mod deddx4ni0s3 mm and 10
made out of any terial, such that it_can support

the
HRoPEVEST &P B EPd e Mg Weehd! BN #1162 B2 S@aewnahﬂgtments, the
. el Li i o
e T P o o 8P ol BheE i, o petyeen 5 mm
andifwahi ve material, such as al um num nol ybdenum
tungsten, vanadi u rhodj um njobiu chrom u
tant dPeFne EMPaHmERSs: BeSubsirls 4adhas aliat [psmendienag o the plane

; r

b L B e P00 i Ak A R i 000
narh, betweaohtluati amel Y000 e adr, beswigzin O mmchind 500 mnaxindene

titaniumpitride, tin oxide, fluorine doped tin oxigde
e&&ﬁaan%tﬁge S4hstiate 48P isd ﬁ@fﬁ%‘ﬁ&ﬁe %Vh%g_ HRPUE, Jl@rafﬂqe{ g3 mm and
a%féﬁﬁ'es% bf ‘P.z%hq‘,and ?E&'ﬁ@ﬁi J?QB@@, nﬁlt%&gg’xgché g@dsHQ?ell'Oﬁ s shown as

oxi de, a netal -carbon~black-filled oxide,

sghd phFigerecdd, hiowil bbeaapprdcidté¢dettiatominkmy emtmdirhants, the substrate 403 will
bl ack-filled oxide, ;a supercqnductive carbon

hgyeg ROHeW cRig a9 iMHE 2dgpt aéﬁ%wfbugarétshﬁufa?ﬁue%asgﬁha%@,rmsq bya glass
tgnducti ve plastic. As defined herein, a conductive

plastic is one that, through conpoundi ng techni ques,

cont diauk-eteotrdde #04 eA batk-elestradei 404 ,is cincumferentialippdisposed on the

subats A thermad <RRESEA RS b feaBiles e i apssmbly. Tn
LRGP M BRRlIGAbION0A 18 e 0t B akic I RGH MY 8%support the

contain fillers that formsufficirent conductive
phatovehaic carrentigagerpiad by thensobarghll uhig 300 adthi neghigible resistive losses.

support .t he of,ovol taj c _current generated by the. .
1§ SPEF ebppigly Mgk RleR ARG pPEPred oL i o ivegnateria,
st&eaPA @ tugn, FRS1Y bdenthn, fdﬁ?st&@, REn&d b erhidi RS, infobi®m, chromium,

typically insulating, but the conposite produced
tantdlut, titaniume, stashdickel, piatipnop sitter.cgoldfantaHey flierdodror any

tor. junction ction

B TUOR Rt BTt EPne Binle F BRI g0 A Aed of any
cOBMNCEND eHHEdrii, shtigd in@iunf 4R okide aftiniRMAti@Me] difbkide, fluorine doped
tirgloor)r(? el,J gg;t)e!dozri]r’lc oxide, aluminum doped zinc oxide, gallium doped zinc oxide, boron
doped zinc oxide indium-zinc oxide, a metal-carbon black-filled oxide, a graphite-carbon
black-filled oxide, a carbon black-filled oxide, a superconductive carbon black-filled
oxide, an epoxy, a conductive glass, or a conductive plastic. As defined herein, a
conductive plastic is one that, through compounding techniques, contains conductive

fillers which, in turn, impart their conductive properties to the plastic. In some
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het eroj uncti on heter of ace junction, buried

horm uncti on, -n junction or tandemj unctl on havi n]%
gﬁ?ﬁlée Ia er .that is a direct band- aB§afU5&07/006615
lmemw@f‘smdwﬁ@ agtice Beey! 18 fhepresentR %“%‘atﬁcfo@é&e

@§ 9[6@@5%4 tmfl&?‘?@ f%’nLétﬁﬁ@ nt C%HS‘Fk‘tti\}é Qﬁh&rﬁ%n’?fn‘ag paths

escr [ hapt er ot ovo
thatugh ithed ;ﬂastﬂzgﬂe&nx Itdrpgjpbﬂlthe(iﬁﬂdt@gﬁai@roeﬁﬁnt geﬁaxd&ﬂ byake solar cell
Lugue 03, Handbook of
‘lﬂﬁ'o%()@v%‘iﬂl agelieisls %@EV%\ dsdsn ggﬁ atigmatrxgphepndyciye plastic is
a5 TR ORI AL bbperis o
fdtdrl rety. Details of exenplary types of sem conductors

junctj ons 410 in accordance wth the present

appl i ueiplp/ugrdet ddbd® semisapdyctny junosion fdp dspformed around the
I t

@gg elfe'gﬁa%et ‘g)4 hlg]egévmll}ﬁg%&? 01#2%4 19 hlg’)%lﬁﬁ%lﬂaﬁ homojunction,

hetdrojupetivet, heterofice Jmh:ltloh bur@bmotrromnsmso I-mjunctibreoctandem

BB Taling A Rreba et O o kb Endterbgaes  Gralline
sPRIER) Sm}ﬁgﬁfi‘@d?ﬁoﬁnd &Wal%@fﬂef F)éqg ué}hgﬁ) ltld %51 %ﬂt&unctlons are

|ncludes a copper di unga
debgireden Chagter 1 of Bulsg m’éommzitrdc W@Mnsqls t1I9§8 simpenmlrﬂnltage Press,

g iBeli Laie 2 Hes v . rednoghpEBheiattlgie Seience and
; a ¢ Science an
EAgedelnB HRA Widey?& Fonsalth eWetshS‘FsKe{ iHglah8; &ch o?%iéﬁlgmlereby

sém conduct or juncti on. tional Tntrinsic |ayer
igpirpemt by refelemce hersuantﬂlmentuen}t rlDetallscoﬂ exgmplafy tyipayef )

4 15 gircunferentially coatin sem condyct or

SFW Bﬂowwtm%@ lmyazsy%r anee] ﬂb pEFée‘Ft&PﬁE?P“G&aFnglSClosed in
RBYot IORAGW! 'T@Q&ﬁf%@fbtthg&éiiﬁplhﬁcjhﬁ’(gloﬁgdlsQngdr]HtSectlon 5.2,
limted to, zinc oxide, netal oxid

hetm’nsmlens 4 Hhcaar heghultifctipns 1h|vg:}h¢lyhght $nak/a1s¢sngto thecore of the

jﬁl%qE Q%w?}g:iﬂggkgt % H{pth!g _glﬁ/atlfltlg?{ prgééqb?\ﬁ q&%&gss%u(?lyzslrr{]a?ler band
dap@NBRBFR MU URANALES, N EsdnYSdubih? %dn%n&r& !if(}iﬁﬁtﬁ'a@sné EHped.indium-

d| sposed on the semniconductor junction |ayers 4
gaHamediselcondp ((€1GMpbstibeciayeauiln soms embodameatsot}e semictonductor
.SO enhodi nent.s, thin /-1ayer 415

jifTonaM Bt ey B dstissitisier Lo o da sems embodimens, the
ettt @AorikRetidn 19U€ B 60PN ARRHm (Ehe stc@Hﬁsﬂ:%{l@deuctor
conductivée | ayer 412 is circunferentially disposed on
jindtigper 415 In some enbodi ments, the transparent
condugtive tin oxide SnOx.

o gl ¥YBH B Gi oral. Shde R B BRI itayen

4l9RaduardentRNl EBatir: He sendicoidudton iRB6A 470, n%@xlasi@r 415 can be
gal I i um doped” zi nc oxi de, boron doped zinc oxid

formadusing any undopes! tmnsamntmm including, bt @otlmited to gmmexide,

GRS 9t FbpbtareR T A RN e ) fhatad cpRgsiment

thé ARFEA1SME hipdRdpat R dxaeer 1s made of carbon
nanot ubes. Carbon nanot ubes are comercially

avai | TaBhspargnd eondustiyd leyenda Hihg é@niparem komdmcnve layer 412 is
% %Qré%@%gﬁ%ﬁ%%d%it%g cgrg cgn&uc?or Junctlgrrll Ilgyeegs ﬁb%hereby completing

the circuit. As noted above, in some embodlments, a thin i-layer 415 is circumferentially
disposed on the semiconductor junction 410. In such embodiments, the transparent
conductive layer 412 is circumferentially disposed on i-layer 415. In some embodiments,

the transparent conductive layer 412 is made of tin oxide SnOy (with or without fluorine
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hereby incorporated by reference hereininits
entirety. For exanple, in enbodi nents where the outer

WoaHy Sctar | ayer..of ,the junction 41Q is/ ?- 86hA$2007/00661S
el s a oL e A etugleud. Quiven o ging ovice,
' ' i ' i [iSER; t or
BSR40 STHOUoIoRe 5,100 BACuSERBETG.
oorhinatioh Vieereafy én seth@ embodibents; the radspalent gemdecave laydret 12 is either

transparent conductive |layer 412 is preferaply de of
PROGHRAGH i fonslanh Rirbe by s e eaea cotie Ny Byer S made of
ARSINGRhofub&N B fhoRIbRPSeldoRindr&ia avﬂlraﬁfét £ ek&13fe from Eikos
90% , and a I "not

deposition tenperature that w
(eamitje, MastecHugettny ahdgrerdesaibet e Usied Stated Pateat 69881825, ovhich is

410 and/or t opftional /:-layer 415. In sone, . )
et Popreled D E IR BerFvin AU V8 Rl inombogiments
VAR r€ R Gubdr G8th | b nERAGHUGT dr V& (R LYTRh 418 €5 dBbe l%hra%é%a%em

conductive pol yti ophene, a conductive polyaniline,
wodaiot layer pbd gy mlepeda [HSSdeq duleRE@Meqs. vhere the outer

Bayrtqn), or a derjivative af a f the foregoing..|
seondbteihme 05 o oS rlBhed o e RivRr fouygytive daver 412
@RBRhLL&ped " é‘en%fb"l‘,%@ﬂ@n&pﬁ‘ﬁé% con'dﬂ@ti\}éq?)ﬁg 482 §d Breferd Y Riade of a

conprising tin oxide Sn th or w ut fluorine

ragpiialghat hanwéryewiresisaricdesuithbl©ppti¢al tiansmissionw pwpedies (e.g., greater

T FR6FehS p SEp Tt ttptrali SO b elnegs Dderiie Topers of the
SRATRINBRL b RNt A9 and/ 1R SRIBANG-1h AN 5 C HRITh SRS Bments, the
conducti ve pol yti ophene, a conductive polyaniline, a

teosphretticordystivg payer 41 2is an eREBicdbp echdRED@TPlpmgr material such as a

SR B RalyHerfirct TR Bing: 2 caRTEE SR EF A RS-
cfo?é‘@ PEWG&%&W&]B,%@ ald@¥G41ivaIo8 afl} 8EIe T8 gbilg UH {ock
States Patent publication 2004/0 1879 17Al "to Pichler,

anthiodimérgs, kg einppansioopductivedaysy 41 2 temprsse ninee than one layer,

B0 et BB BN S HER AP it i)
iABIR M ok R (10, irRitdth-SRUSK @Y, d6pRCLAOSEdSE ¢ PAuRInum doped zinc

| eads 420 are disposed on the transparent conductive
dxades gallitm dopedride oxids, beron dppeaziac exidex eriacmimbinatiog thereof and a

flo A I n sone _enbodi pent s 1ta,Pe el ect r ode tstri S 4[20

Sﬁ?oé’\gt AYH CREPFIRDE S{COBIUCMY PRIYHIPDIERG AiTR Pﬁbver{ﬁ’?yealnf 4 @
doRddictive ?oiyﬁ?ﬂbi@\’\éﬁ PSS AopEUPEDOT (@.gg BRyttdn), 6Y h dBNdti&alof any of the
axis) of the cylindrically shaped solar cell, as _
fdesgpinge d\dditiomabaniteblg anateninls thatcanrisosedrinfosm teapspagendiconductive

| ectrod t.I.i PS. i ti . at. ' [ .
oL PGB 5h Pl SRRt SRR St R 2] 251 B whin
ikBéreby icanoeatedb@tif@eddd, hetdig ititeaitirage strips 420 run
parallel to each other and are spaced out at ninety
degr éptianabeloelredegiripsg? 0hdn sging parbpdisents in cesrdange with the

| L] ] i h trpde. stri
SR epion, BoARRr SRR AR ahibeo PR A00F. Soh gl gn e

telRgpLent con@itive U5eF £E intdiddrity fatagaeelectrival yurft@fle®. In some
fifty degree, sixty degree, ninety df(refgéree or 180

aeg | : . .
cgiepdaenthteg ¢legteodg siring 20 are thinestaps efipdectricaly sapduysting material
i ] a ln. i. .e.s
RSG5 g T RAPE R OB ot sl
dell paxsdeplctdi in Figure 4A. In some embodiments, optional electrode strips are
positioned at spaced intervals on the surface of the transparent conductive layer 412. For
instance, Figure 3B, the electrode strips 420 run parallel to each other and are spaced out

at ninety degree intervals along the cylindrical axis of the solar cell. In some
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conductive layer 412. In sone enbodi nents, there is no
el ectrode strip 420 on the surface of the transparent

we 1 /GS2007/006615
L I R iegréﬁ'?f}fg degg, i

SN B, el 6B OBy 6 SR ity e

#1130 dagree Irumals @nmmr airfaet of the taagfargacalduetive la?ereHQh In some
do% the long. (cyli ndg cal) axis of the sol ar cell. In

H@?ﬂs%ah%masswlee F@%@er%a@‘*%q PR He supiBeegidhe (ranpgrent
h

GER RIRKALL, I S HTORAINE e 1o} HEARIP3ER20 on the
sk fycer & tBBtrthspaRht eondattivedapriddd tresmnse erhlbtﬁhmbﬁetthadés two,

t rips 320 are not evenly spaced about the

eEClOHE dVEnt® S§Ye: Right: s [5ar eRYens bdvk difigen pripare. a1 thirty or

lo

f*&%‘f%%‘éﬁ SR, O lcranbilifer? FRACHPE L 4 RS o bR, or near
paizBle], op tachrdnivn, thaMgZ(Q)’dlrml&lcEl) gxns ef 818 sobir keltt inwelme embodiments

onpri se the | ar ce 402 ure 3A. me
tEﬁ%ﬁg qégr%ps élr%%ee& %@eds'ct P &Eeurafeéerwaeg%ftransparem
'lésféf gPO%Yp e&?ﬁ)ﬁ%ﬁi?ﬁctb@ Fi Qﬁ@eﬂ l‘ﬁralt@f%aﬁ{/é &¥bodiments,

ereo? um num o ni ckel or an
thd: tlegtradeestrimsf420sird natrevemly apacati Iabcyutttlmemsmtmfelgntajofdhe transparent

St 15 SRt e SRR oy on e i
o?ttﬁé RartcAt EFe]lﬂﬁbn"f‘J AJ4bA e 1hong (Q)gbﬂ)da'fbd 51'1&@12) o@igére%fB

the solar ce nd thes€ electrote sttip
dotit@netyncoagiresd theosodeachll d0hef Figyreg¥A.din smmﬂ'duianmtg,rthd

i nes can t hi cker tha thi nner than, or. the sa
alHoRe SR A20 BRI sl CoRMctie erorectndgrive i rfogpe apalioy

% . QhunfiREm DR IR aRdy Befebf ikl & rﬁlcagfoz‘sﬁérbé/f %?Bfﬁlalﬁﬁf thereof,

é ectr e strips. In’some
golcot arodpyshereps a 4adivatiee glep,am ateeddaantive Ipdastic.ans par ent

conductive | r 412 usin et .printin Ex | es
of " R e eyt S e el S P g RS o
(b{/]?ddr'fé@l aRidlof MeSsolRcell AN Hesk él@ctlﬁidle \@lpslaRAHRG Rhected to each

ni ckel Ioaded conductive ink. In sone enbodlnen ts
cehpanbyessiddmese Whesasgrddusstamlpﬁ thickentha.tthmeerdtitrg ©r thessame width

q%)a}isq %g?tyogmsedagiﬂ% n%tgrru tsr(]:glk égﬁ&égg@;g&éggdiﬁ%&m Iellgctrically
rhgglrlgadlslﬂyeé]wn%gelsglp@rder to formthe el ectrode strips
Optional filleéer layer 330. In sone enbodi nents of

t he' rinesemntendoppime;rm, therglectirodel etpupe #ae anerdesogt@d @n3IB; transparent
r Ia 30 of . seal ant ene V.

fill
capedie VA7 Pang InkgRcr i E5Am e BT ARGk Mhat can be used

fep!;aeﬂlsffﬂishyélu&d Ibeme Bof [RRIVE to ST 19hdddcs? Mecke HdB&Ed conductive
pol yvi nyl but (PVB), thernopl astic pol yurethane

1(11TPIm somg goh mnt@ Apaxags asrwedlcasyanisetropiccpudictipo hdhesives can be

[or a u oat PVEr t ns
SR tior Rt Pag dpoosd EGR 480, PGPl Pl BRCBEI TR ik pr cpoxies
atr@tﬂ%ﬁéll f&r@@ﬁ%r@&&ﬁtfaﬂ’rﬁ/ tHeleldctroge §tfipa420.anspar ent
10.1n some enbodi ments, the filler layer 330

Fg S;n(gpttqrqgéf e lapasid0. 3n sameembedimants of thepresppieapplication, as
dZeHLoeéllo ﬁg e §Eh% Elgfl%% #3'0&??@14&‘9@%% etﬁﬁerisec{’myl acetate (EVA),

e op
silicone, silicone gel, epoxy, polydimethyl siloxane (PDMS), RTV silicone rubber,

polyvinyl butyral (PVB), thermoplastic polyurethane (TPU), a polycarbonate, an acrylic,
a fluoropolymer, and/or a urethane is coated over the transparent conductive layer 412 to

seal out air and, optionally, to provide complementary fitting to a transparent casing 310.
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| ayer 330 is not needed even when one or nore
el ectrode strips 420 are present. Additional suitable

WRaPE168318 for ption | | er er 330 are dPSE[US3WF/006615
in SdBEPHA exbedi nzpntso& J@Uer 1ayes difbis@rfddenertlifoge. 4 filsequioxane, a

a@{}ie%ﬂ?éonf brl e gﬁ% ﬁ[lcghgoﬂ wever Jﬂgbxﬂ@teﬁ]bé&%?erntss erhipﬁﬁnal filler

of those sed In nlte t at es Provi SI ona
lzer 830 mnplneemtile@m whaere érantre ed:l@tredmtnpsiﬂmjaw«shnt

itle A Phot t tus VI ng
Adiional & éw@l}emataﬁ ﬁ@t%&enﬁﬁ{ew@%éoqo disilvaod lae%?ﬁlwgS 1.4,
Ridprney docket nunber 11653-032- 888, V\,hl ch is hereby
| ncorporated by reference herein in its entirety for
such Ipsome :embodm@m‘rﬁlem]inodalrfﬂm fayths3(fis Iallmfunla&yleyer 3i%h as any
of less than 1 x 106 cP. In so

02 %gld\#éﬁ)t%o in Yhpited; §tates Prox{signabpgen #pplicating nREE {0 be
%%%ﬁﬁeﬂ'fﬁéﬁ l\/ﬁic Q?@d%ﬂtlf?édog%9?5%%01&41@1@828%% H]agln% d Laminate

or gr eat er t 1
Leyboatididathed fdn’rMakmg ltteer Sange ereaS Bty daokst number 11653-032-

0 hyl sj | oxane pol In sone embodi nents
£ %Chl%\ger @y@ﬁor@sﬁt%ﬁwp%@%ewr%wmenﬁr% rshghpurpose. In
Sgglé’eﬂfboﬁmqétﬁé tﬁrlfﬁglagtgxl %B‘Uhag Qgigs;% opﬁéf 1kQ thal f‘k%% cP. Insome

lelectric east a transparent
ededmentmt]hc ﬁlidfréayetr 31386 pay &therrsallcoeficient bf dxgangign af greater than

DO RRb Ak or 88T inpn 3ol R a3 e df Foibe grpSimens, the file layer
BOBRIPEE e toﬁzdﬁrﬁétﬁ}d%h@xa%}e gbﬁ_‘yﬁ{e‘?' fn Sfhe erhﬁbcﬁﬂgﬁs the filler layer

enbodi ment yer 330 has a thermal’
3BOebmipcisesity ‘_aélghtx beam diaord 0%¢ ofor daleetrictghbor ®dpoxeritd tbfotm a

d I th 50% of
et ecog%éslg%f N shinar iy SRl Bt Lpewarnt sifjgen of

19 nﬁlggit b mgnt 2 g @E@g’sﬁ IOF%(? frﬁﬂestmaﬁ RYE o§fh|e'b%§1ﬂn91'g wscbﬁtﬁé’lffﬁe

ayer 330 1s fo
chelbcttnogelmrlcompmedltwafnrra tich diklectricigel. gelsomlerentbodments the filler -

enbqqj.nents, the sjlicon.oil i.s a dlne | sil e

B R IeT Bt ottt f Sireetisn o R Lo ol xagre/ Brend
c%nfﬁns@st bySwvkil Igﬁ@ rl@ssechﬁ%@%%'f aAectrid §é3l @ @oﬁb&ﬂe@x%ﬁ@ form a dielectric
el astonmer. I'n sone enbodi nents, the filler layer 330

gel ahdntiedstB0bm D@ ransparaet sglhnop qmbl Ip domuetemjobéumwmde filler layer

@%dggogr | Ifr%uI all%aY/p(xj/glng ‘6’%{ dlg?egg'l & ﬁlo:ngegeﬁnlgbodlments the

sﬂﬁc@‘ﬁt&lﬁﬁﬁ pol’}‘dﬁﬁ&h%&l&ﬁan@ﬁgly%e? HFhid@nd @6 diblectsie rQBI isa mixture of a
enbodi ments,” the pol ydi net hyl si 'oxane pol ynmer [

id
firatssili¢pae clastoimealand & seaohd silicps) elsitane. dp cpiay embsﬂImmtS) the filler

e, of in cho n such, t ha 0
et onL e Rri ot by sl BT EmE RS RIDsBEROLmE iabidl v96, by
WwaéhhtSa Fifst kiliRohcddl8Romer, WRE Ny By GRidht, S Rkesd acbntRskr, where
centi stokes. In sone enbodlnents first silicone

)é,l Ysndresune entid. Jesoae embadimests, the M@ﬂﬁlylswxmwmmer liquid

}? gﬁ%‘:h l VI )éogmu?ao@%tseﬁ g@@ﬁ@gpgﬁbw grr]lqs 9 ?gnge o?mtegers

&Hmcﬂuel‘?ﬂ{aﬁthetﬂaﬁytﬁéﬂﬁlﬂdi l‘ids|ah%0&@g@b@§tv%8§1ty0tﬁmu§ﬁi&he range
(i) at least sixty percent

R wesir 59 e gtocasyan B0.600 Beistdligs. Isropreambodimanys, st slicone
elkgaesE W&Qoﬁngpis@srhq léagf sr1>t(t¥/ p%facreﬁt? 'B§ v&%}/gh\f\feduglg{hylvmyl terminated dimethyl

rogent er m nat
siloxane and between 3 and 7 percent by weight silicate. In some embodiments, the

second silicone elastomer comprises: (i) at least sixty percent, by weight, dimethylvinyl-
terminated dimethyl siloxane; (i1) between ten and thirty percent by weight hydrogen-

terminated dimethyl siloxane; and (iii) between 3 and 7 percent by weight trimethylated
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dlnethyl siloxane; and (iii) between 3 and 7 percent
y wei trimethyl atedsilica. In some enbodinents,

b
Wp§0‘l§€l68@én 30 and 90;. Y .is between 2 and 20; gﬁ@/l@zqog/()%ms
Pitanekrsomecgapposiments. Zhishehusan W91199; ¥apbetween 2 and 20; and Z is

BhRbSPR% R casing 310 is circunferentially di sposed
on transparent conductive |ayer 412 and/or optional

fill efrahsyeent 338ng BN0.sAnmnspaba icaging 310 n%shgcaﬁfem@ltﬁlll@ disposed
is made of plastic or glass. In saone enbodine
@ EgReY C@Bﬂ%ﬁtwe ianeg“ﬁ%@d/%rfqpélpnﬂéﬁll?g l3yeid | Ip some
f r

ersﬁgégidﬁ &gs th cangégzg 1%?&(; e ég?g-n@gr g]%g§ I@S@ﬁggﬁﬁgw&nﬁqf elongated
selay aelds m aﬁelthear@napcﬁ'lyt modisied gorFhithrd pickagivigns téseribed below, are

st layer of .the elongated solar cell 402. In
SR LR RS ca%l%f ) ohysiosmn 1@ diigtre 44} p trapsparegt casing 310 fits

r

SR ATORIR AR IS) ENLIRL R
alvrigatedasolar 0¢1h402 sxned thatirahdparen dasigs 3 t0hsaick diaa adjaednk slongated

SPIRE GEI {550 5 OB FIetEC GOBAC T BT E exgonbat the ends of the solar
n t e

SI8SRAEESI 03! e e by B2l A o

wodrpl @mstnbarthe trartsparant das:mg 3&0 smﬂﬁhbmhe}geﬂm&mxg@éﬂ and water

402.. I n sone enbodi nent's, e transparent caS|n
frQsp tmﬁﬁ%asa%errﬁwrey & cop mgaiey Riinedathedind G Eine pelr cell 402

I%?HI%E cRILBARRRY RAtRS é?@ﬂtk:%mé@ 310,76t 5{5%&2&! 2 ?f@édr in§Sgure 14,

he transparent ca |ng can I nclu ndri cal?
caabe ossl ©l congatlengatadusotancelss 4l2er e t he radi al di nensi on

is f | e t han .t he. ] engt h, panel
o U B AR TR IREPAsR CEayE o0 cht 1Tafocs Suiudicpl, various

ﬂ'lgta?edstrfuefur&hf?ﬁ&é’ fHetradial cﬂﬁﬁﬁ&@ﬁ isofﬁr lebd%h@R ﬁﬁ%@gﬁﬁj ' ﬂiﬁé\t like,

transparent casing 310 is tubular,
legmg, ar¢uatesionmresnbod|ike or any pdtential gempar)esulted disni pi@tcﬁzb(lanc

g;ggprgaﬂgqe hﬁ_{q%qmur etpgt}%%te th% mﬁeﬁg)ar renggqs?” llgldgpl%ynv%h a hollow core.
si |'i qanemeRAIBSHINEE) Me Fdnspirafi@adik is adel FANFetlfle polymer,
epoxy, ethylene vinyl acetate (EVAj, perfluoroal koxy

anl acqumqmﬂ)brm pArdethyhgetbacrylaed PivEvidde fluoropd yinenkididone, poly-
GBS R SAEO B8, B2k B b, BRUIBESR 218,
ﬂ%?ﬂh)ﬂr@ilk@f)} hro&db @m)(ﬂ&ﬁ) gol?ﬁﬁfd@b&bﬁsﬁﬂl&d polyethylene

copol ymer “(for exanpl e which i's a I ved

(PEéfm pdiueolpfbh yobpiropsianer{PBY, petyhghlylme texephtalate glycol (PETG),

o SR ﬁ%i‘%@ﬁ%f TPt f c SR nff?@rf%ﬁi fsflrﬁﬁ' ELREPSuhich is

Jdéﬂ%a #Rn{ t%}!%byme?&g@@t{ bDethyértVdnd tMfedfRdEdethyl&e: TBFLON®
conbi nation or "variation thereof. In sone énbodi ments,

moromarsk pplanstiane Auietipng 1@l vomychiseide P YChmalyvinyligene fluoride
enw cas{ layers. In,so enbodi.nent s, .each

EVIIIPRIER ERT NonS Ry vl g SEY R RUPE ieor

mat erhabme kBIbo@MMHR, ehe trdhsSREM c@ﬂ’ﬁ@gl@%‘rh?nse% Blurality of
transparent casin 310 conprises a first transparen

teemspasenticasieg layats. An serue pabedinesisasash trapspareng casaygels 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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Dependi ng on the exact configuration of the solar

cell, the first transparent casing |ayer is disposed
WORW0 1B anspar ent conductive |ayer 412, the SpT{USAYN7/006615

RFINE &YeT-ayer 330 or the water resistant |ayer. The

secong : :

Tt e e PR er s BB ching | Y BERE R ch operics. In

aachamplendpantentransparengcdsingdaydraas etdeflentdiV shielding properties

rogerties. In one exangle, he oyter transparent . |
e 18409 Lpen rangRATERCBFING IRYCLRASSHOOE VI ProntBseshpragtgristis.
h i . p i I

R e Al AASPALR Vs BRI (B e s 10 18888 costsandior

imptdvepheotarahppaeeies of thsitragsgjassne casigpdl b eForgrample, one

reduce costs, and/or_inprove the overall properties of .

TFAREPATETH (8RS IAYFT A% Priady ot arp@fpeg%ma@rla[ﬁ%ét has'a desired physical

p s i .. s i
B g SR b SYATRN D8 IR c Bl SRR Bt of the
enpensgyedrmmsparenteagng thyet moy aé rddueets larerytachgsingg savings in
| ayer,s, the thickness of the expensive franspayent
AT S0 Sy B APUAFT SRRl R anE BTG99 e Y R haye excellent

. d ; r e

G o N Y 5By g one or more
addvpealttransparentgasing fayess, e thiekmeas of tha heatydransparéntleasing layer
very heavy. By, using.one or re. addj ti onal :
A hERLY Ref e SVarRIL VEIARE R oS SagTParae g A1
tr anspafFal welrs %&%t&rﬁ%@fer.”ﬁ%oﬁﬁ: dnfdaRchts [IRB OE R¥re water resistant
reduci'ng the overall i ght of the transparent casing
18/k0s ar€gbatod averviat solaredidd amprelventehe ddmagsogreftects of water
ggbqgingnts, on% r nnrg}mater resistant. |l ayers are
ROSTED 0 SP™E FEIOSHITEILS, Bl 0ng §3 MOEe BAEY Eftsath YR Egi ng

BlhRedrentilyWehted ol tBE HhRParehichANRIVRTRRG TR BEiSr told¥Bositing the
one or noré water resistant |ayers are

optipeal filler bayei 30 andeneaser thasalat ¢edl 4024n siatransparent casing 310. In
conducti,ve |layer 412 prior to depositi t he optiqnal
SR BT LR, S WA RS20 1Aers RIS Qs mctemflly Agatef gito the

dphiend1 TARSE RFELTHO St itd encddidg thdsobf el 80D RPheRRhSparehd €4bing 310.
wat er resi Stant layers are circunferentially coated

[nnowe embodiptentsn suchfwitéragesibtagtd nyeggaresincom ferentialy asitag onto the

t he sol ar .ce 02.i.n the.transparent casin 0. Ln )
e et oot SR side ARaSRet A el i brovided 0
SEAITRABEBA AR tErfrdr RO ALRBDY, it Sfduld BRBRIBRY tfR Bletical

310 itself. In enbodi nents where a water resistant

prepestiesiof the wetetiesdistapt kel shauldawt inderfanameth the aysotrion of incident

Lar,.cel |, 402, it ld b i oned that the . .
3 Ploufoprdts s reeB PR e EFRPRERER T i Bregiany yer s
riddle dfidfcBf §iBEeheVSINY SIOON 2ABEDY), Bf AGD; OWvhdrB &iad@Hlar® Btéers. In some
radi ati on by the solar ¢ell 402." Tn sone enbodi nents,

enfbiodiments the watesreaistant layerris maderafie Qotype bidigenes & silsegniwxane, a D-

Si N.... Si_ Ox j OX...Qr Al O, where x and y are

t?'pnetsélé%o_rns?r ﬂnM%a’H%Sl BYdi ments, the water resistant

| ay erOptfonbB&Rireflectivéxéip@. Ih bori®B@bodmehisSArsHtRRANStirédlective

Dtype silicon, or an Mtype silicon. Optional_ antireb

cepling/is alsgaircwylerentiably dispestdoui the frerspargnt ensirigotQlto maximize solar
: oti . : | : ) i

SSLEUASC I KB Rsh B ads gL SRy abl g o

andtefllective coating deposited on the transparent casing 310. In some embodiments, a

single layer serves the dual purpose of a water resistant layer and an anti-reflective
coating. In some embodiments, an antireflective coating is made of MgF>, silicon nitrate,

titanium nitrate, silicon monoxide (SiO), or silicon oxide nitrite. In some embodiments,
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cell efficiency. In some enbodinents, there is a both
a water resistant |layer and an antireflective coating

W SpeIePHy on thlg}'f‘ﬁgﬂ ansparent casi.ng 310. |n _ s&fEUS2007/006615

tReFB St AR Hhan ong énﬁlréyé?twgépef@@g tInsomg smbadinsatss there is
rﬁ‘or\é@ﬁﬁrox{eqa‘)}ékﬁgﬁt n@é’ ve @lenﬁrhn@%ﬁéh lra? 1Jf Fg%lth?\! \S/fe the same material.

coat ments,” an antl
Iocame nglbodlmmdae thekdMy Iﬁﬂ)re shalmocne tayet bf attieefldctivacoating and each

nitrate n nmonoxi de (Si O, or silicon oxide
I?Pfetrﬁ?’éde?flr?é‘gfo nERBKERent s, there is more than one

| ayerln%m@@fﬂbf) afd kdﬁ? SPRE Il rs dFthSRATR ??r\%g 'sgﬁme‘il’s 402 are

there is nore than oOne a er antire e coati
cansineﬁadhshgmdmdscahtﬁgnﬁfort slpattsmgetenlaﬁmesal[n sdnie th(ﬁdlments

nts, heels ret n one | ayer , .
SQWFM? é‘fnelé}ﬁrﬁ 0 m}} 5 aiyﬁrg gﬁ@ﬁlog ggpeqonptguqﬁfgyésngg copventional

AT e Gy I R D

coatirgg mehbédfon $onggubgsl anddtripsake dingostrio for&pxamplﬁ Hngﬁn etal., 1983,

B R 3iing e et B VU gt SUALS o ST SR i Clindrica

Q%hh &0h 'SBH@&nn%PUEﬁe@McBBEﬁEk&Wrg iRYa 0%61@317\3(3865 @}t‘ﬁctoﬁ{ Ao

ods on long tubes or “strips. tering cdoatl ng
Blrekbodsrfend 98@G ﬁ@dapth@CmvﬁnmItaﬂ Sputmrmg digniginose tbriGoatiog Long

hEaeSor e 02 Zraenid 2nIRe) oS |9, eprovegents in

a(aé' Ré&‘éﬁb&%utwﬁag%&&@& f@PQB&t &l Tbes,” & ﬁ&t @kfi?‘echnol 14:1313-1315;

Engi neering in Japan 0; Lincoln and
MBhice KENOd e fTdrck RibBY, actluml ﬂ@pon‘goxfﬁymfﬂn fordvisdrowave Tube

SRS CR R PR3P S 197 BB o v

Teiriques' JOBIAY eﬁﬁf‘ltla?rdirfg\/ A afiCl ﬁ@acltﬂobfﬁctngﬂlbtftl)%ﬂe?tges%lf StRBive
for ating Tubes Sci. Technol. 14:'1313-1315;

SeefareseCoat@lrgnto Ghass Hiubés le ) Ma‘gactcmr@pmq@nsg SysicmS;&bewdmgs of

Al UG 1o RTBEREI R 0 LT BIEE, rcopoae

b&e@f‘éﬂén‘a@ﬁ@re?xpi% idkndiret@nd Harding et al, 1979,
Production of Properties of Selective Surfaces Coated

ont o Qtms! flutyesehymaeNalyissena eabadmmntsng figyesemy aterial (e.g.,

Pr oceed e, Inter nat Sol ar Ener Spci et
125556, B¥ReRl phopnob ! el in P ot SiriRbe PR S or of a sola
ceRBO0 eNEQ s BbUimBnts the BOblcs@hYmafePihl 9084ted bh BleQ8MEM surface

material. In sone enbodiments, a fluorescent materi al

apd/og the dxtarion serdanstof ithet teansaarentmae}sgﬁb@ ebcwome emhagimenty, the

R SBTLSEAB DA UL Pk Bl B had e o
40atesbraemb&dimenisNAk ssldf EACTO0AREILEEs dnttptiONAlETiePlayer 330 and the
surface of the transparent casing 310. In sone

fbwm;dwmﬂt@lal usr@afddmrtbts @Etmnahﬁtl@rrlayeﬂr issamemagrabodimentiethe solar

%ﬁ%ﬁb neclﬁc’dé %&S:a? ‘%‘% tléye"fm &P %I‘ ugFes %ﬁ a% sc&a%g o the water

rédist@l’ﬁtlil)‘w aln §dnhd @ﬁbdcﬁhﬁ@lﬁts %&eam dd@%uffhmmwtcen 300 is coated
material jis coated on the optional filler layer. In

veihheptionplolnareseert, mathals g seme embodipenisnibr fuetsseenhmatsrial
a%gdc‘rt)igﬁn ta{lél/%y Slqrag%fjetthgﬁt uhyc%rs%ﬁl%esg}n c%%l&crtébr Junctfc'ong Q% %F 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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resistant layer. In sone enbodi nents, nore than one
surface of a solar cell 300 IS coat ed w th optional

WO 2008/068H&nt materjal. | n_some enbodi nents, th&CT/US2007/00661S

OFILIJY) FabgE and ewﬁw&*blsﬂlgabsPd}%Eh%m@taﬁwr&ls @ Phesphersewsually
IPlfse \é\l,ﬂ'ta%’k al%?l Ua%h%t?} }ﬁgféh%]o nflle%ghl?lgttehgl? are
sen no use to conver

tgbxeaityr omddsysulﬁd\fd; tdhﬁuddsul@rlﬁlﬁst endilicaadsasfizétc, &ﬂ‘irﬁlam manganese,

visible and/or infrared |jght which is useful for

agfraiapp; élilporg@ﬁ YRBRYSIALeicArth W‘% ol b actiyptors agpadapd tp peolong the

éﬁl &ﬂﬁ m@pPplication. Fluorescent, |umnescent, or

oréscent materials can absorb light in t he
bl uedn sbie embgéinseancs, phosphotiesieht maletiglstare 1Bb@$pimwdaa ct}&mystems
teri usual |y nprise a

or phosph
él%eﬂ?%is@.f the préeat smplisaion eahanta ight %hSOYP*FH’é%M aéplar Gell 300. In

AsUﬁllte%g{eb%hﬁnéﬁf ltl?ééﬁog@ c%'rgﬁémal gyalfréc?’i?%dd&etloqﬁ‘é B8&rial used to

S or si Zi nc, m um " manganes
radkerapnangl tlsd ﬂranspmentarasmgﬁll oudn somneaemhﬁdlﬂnemetthé phos]Sherescent
actlvators arergdctg rolon the em.ssion tine. In

R pRALS ARG XA Wi d}sg &5 HRARSPARSREP3IRYS 0 ¢at various outer or
lhﬁlé%%!%% Seedsd1f éeﬂ%o%yést xt?ea% hods of the present

appli'cation to enhance | absorptlon by a sol ar
cel | Bpldrp phmphotsrrbddaimnt ae nbhiémpébop bappes-adivated zine sulfide
material is directl addeg to the material used fo

(FaRE wWpd 8}]\§|r-a{:th\éatq e ¢ZnSADN d)t};grcpxemlagy) ghosphorescent
et el n%lﬂfrﬁlg,e I?Jt??e IPJI%HEQ&S SR £1dl Nk §ulﬁ'Hé( gﬁjns :CdS),

wth a or use as transparent paints to
strantiom alumihate activatethieyr edramenﬁSmﬁlCt3I'Eaa)ssﬂoanumetlthmaﬁmctivated by

TR LR BT PR S o
v(&éﬂﬁsﬂiéh @g? SPS! NS coBsdraHE B En&di i aéﬁ‘ve{tédjﬁné %ﬂgdfﬁ%ls Cu,Mg),

er exe ary phosphorescent materials inc
auraey nanbination thdrepf, zi nc sul fi de and cadm um sul fi de
activated by europi um

ZnS t {

(S AN fo? CieRBig PRASPRCRAF TS Aol tiRrt Forexdmple,
|
SRR SRR SR
Umied, StatepPaentayiat. 1ROHE87Y thw(bﬂrlet/aJ;,e?jO&h $lS toe M éririden ef al.;
t f t hod

0 s B SOTORRE) SR 15l LB s

ﬁﬁ@%?] 14BHIRAS, @éSW'tBQeﬁ@S@tgﬂ Md 9?593966 fél I@ér@xq et al., each of

osphorescent material's are "described I Unit
\8’ualt BseRdlyéntorpirated :by&éﬁreﬂiee h¢reinButits entixty. aMpthEd{)fbr making

t 031,416 t.o .\Nobrri. t al:
255148 ob GaRte PP Rerkscef nafhtifs 3t dRplifaln Unii38 Brel dpt Nos
d—ﬁﬁp@ﬁb Palk er31.66,623.675 tPIhRRSS /. 44,8808 85k Taﬂtaﬁﬁ-h b} &1.,8hd
and 5, 269, 966 to Karam et al, ‘each of which is

4hial’r2e931>2 tb Matstpiareaué,obably of whwhemh@elbbemeonporatﬁd hegein by reference in
.enti.ret Met s for or relate

oty Cetam. (e PR st Herp e i g gravelength
detrh&s. Bt ehBSdimentd 0fliaftfh B&s BACKSEbr ermlaﬁplQ)%ﬁh&zs%ent

to | hara et al; 4,804,882 to Takahara et al, and
material can be used to get the same effects. See Dabbousi ef al., 1995,

“Electroluminescence from CdSe quantum-dot/polymer composites,;’ Applied Physics
Letters 66 (11): 1316-1318; Dabbousi et al., 1997 “(CdSe)ZnS Core-Shell Quantum
Dots: Synthesis and Characterization of a Size Series of Highly Luminescent

Nanocrystallites,” J. Phys. Chem. B, 101: 9463-9475; Ebenstein et al., 2002,

“Fluorescence quantum yield of CdSe:ZnS nanocrystals investigated by correlated
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4,512,912 to Matsuda et al, each of which is hereby
|ncorporated herei n by reference |n its entlret
WE2HY ersi stence of the 7/006615

osphor .in
aé@nwr%rmeﬁ PPYH%‘E tegesseency migg %mlwéﬁgxsws etters 80:
A3300Y 5 HRten 08 r“S"T’l'El%@ ¢ftroPBEE i ect&??ttalg,é’eNature 404: 59-

material can e use t'o get the same
ha bimbucf iwleth mlhereb?@ﬁqorﬁ&hted by o¢farenoebareinde ith enivefyd Se

uant.um dot / nMer co i.tes, i ed Physics
Let t d20wg epidp %entslgaﬁvp i%@éhtﬂm%ﬁe?de ’é‘ttﬁ %pth@bf%uorescem
r
laferSlSehé §sg?c gﬁﬁb?nlog gﬁ?gélgwg‘lgmhérs #é}ﬁ?‘%ﬁkﬁ?&%@ﬁféal brightening

aracte | zat | 1es O

dgamts,nthmeméntl‘hnghtanygt@lehﬂs oefipbrescent Whitaning hgeemts) Bre dy@d that
2002 uor escence

| !
gtllﬂﬁ i the altgf%}%igég tzr@etﬁ%% P%l@ glegtrpmegqnﬁ §Be@Yy@nd re-
f fl t3h B0 eEidnOSteh 88 5&[{31 r%‘l&ﬁ s&ﬂkfeh@i(g.tgf, trans-J, 2-

escence m Croscopy, si cs ers
mﬂ%y%ﬂﬁ&;nea}n @EPH&Z}d@hct@lletbe@@ OQ,nothShemmplt:{m toptical dfightener that
CdSe n .oct;%st al s, " Nat ure1 404: 59- 61; each of .whi gr]
a8 brusehy theriignal Ayasescayt lrwars pEthe rasentapplisation igumbelliferone

(&! rhtg'dfcﬁ(z%un'ﬁhrrc) OffRicR ARE AbERHE ecner@pl LRt VopdraBs 6PEE %gé%'h‘t%m. This

he optional fluorescent |ayers of the
capylyiis tien mcrem@prtdq ipdlhe bné ghtioneof Qle(\ambl@ skebrmm. aMore information on

BBt ne s Poatt I bl Dhgaree oper RyeL by
RRRPKErihd, Qeﬁddnn 1608 akd MiRy '29b@tH@%c)’dle|@knﬁ§?) gn e@iftlon

the electrommgnetic spectrum ‘and reemt |igh
Blhcleval ESpience, Gufoind dem:dl]@dgdqnuzcand(Bar@m l%’@néemple’hgnszve Natural

gy é“hwme’fng’f?% ARG NG iy Flsayier, Oxford, United

[?lrng @ that can be used in the optional

orescent | ayers of the present applicationis

unbel Cirdrenforeari@lly Hyprsedy botherprasent,apphidation dhpas absetebsl are
rtion f t he s

ecesiely Rt R ferenuBY HisPheediam S BRE S st raerds BT o form a

DRE et UAY ukééir}?erélﬁft% e é?x%u&'f'er@rﬁﬁdll?@hsp%écﬁ?BSﬂ%fe%décﬁto imply
in Dean, 1963, Naturally Cccurring Oxygen R ng

tmrqaduﬂuth la)&nbf eratoiat isnecdssardpdepabded en amdnddrlying layer or that the

SARCHIE SRS COTER b iy PSR ABPISaTof ROEEFs methods by

VAAOR EIMaRyrY Sre NS 18EPOr JTth&@dliketfarmidtes &t ﬁﬁﬁeﬂym@?gyer Further as
Nakani shi® and Met h- Cohn eds., El sevier Uni t ed

disangrrd mpoveiggonjOnedamwsh élmdlalusyomjpétbggelastraterﬁoﬁ hie substrate and

et ant OB b pe o TieE RlrPluiobn §ifapes. Nevertheless, he

teivh blm@lrnhféainnalwgisp@ge@ nftdBs that A1 S\eilying 1h@ri disgcaed@bn an
cell. As used herein, the termcircunferentially

mdglrmse Ry swbtthatrﬁhemserw :tp@cq Gerg yno dnavlas ama@e)sbfctwectratshe pverlying

lP)é%; gp(ti g}{ Il{rﬂgxlil}%pg e?y%ﬁs gsz%ﬁteg:ger@g} e tgprrq %{rcym{égentlally
disfos@ink &l thatlan a‘veﬂymgllef}er chﬁﬁﬁ@éd applitsafifipPelceRtTese
net hods by which such | ayers are nol ded or ot herw se

HesimeEd ob Hleamdeﬂwegllweth préfieamorer-ay wed heregs thyl tepn sgegnferentially
daﬁag)g? ancsﬁgﬁo;%ﬂ elq mg"lz{ [stlﬁsé{%aésacéigr?é ﬁriea%t h&lpgf the length of the

underlying layer.
Circumferentially sealed. In the present application, the term circumferentially
sealed 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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underlying | ayers may have any of several different
nonpl anar shapes. Neverthel ess, the term

wei2p Hfential |y di sposed neans that_an over P{THF2007/006615

Whigh puchdaygrs orodinigtuses (4. raenarsat esingd KD asqmplded af otherwise
a
Toffedor & AR ARTac P amuch e RO A SR 36 ten R bRy
sasled sdndubaeinovetlpingtleyemoe strwogure ¢y dispdsad by afluadeBek layer or
means that an overlying |ayer is disposed on at |east
sfrupuge sish dah thess lstWépﬁ%erQefgetf’@ranBP af sraceirRebveap thgoverlying layer
E | I :
Ar@%{‘g%tu eedrﬁgtr%ﬂ@ﬁﬁ&ﬁglgquéfgg gtrrr%zl?]rg Hrt{icr}%orreg \?g}lfedi h&r}em, the term
dirymferésiatly spalsd cheahsthgt amtoveelging 1k fs difposédon Eh&gftlﬂl pefimeter of
the@gﬁhderl ying layer. Crcunferential I¥ sealed. In the
the & ywdayqrcé@ ry(phcal eIRBOJIBERiSCE layerATsHEpbregiicpmdeantiadly seals
h
dnunld@flyih B IKRAGEL AR n ge§%§&%tg%ﬁﬁ£1§n&\g%dé§¥ Floufd the ful
peaiyrererof tigtundetlying layenof sinicturé bied glorg thetfulh pyplgticaftthetnderlying
teaches nmet hods by V\,hl ch such | ayers or structures

layer @r stryqtyrgs Ei‘é%”\?ﬂ?f r?@neanv}w%rm Goptcatlatey erbagamgnts n which
I r r

LR OAR LINE Yo st s B AR Fng the ol ength of an

undetlyiag layeeot stiuetpré.ayer or structure is di sposed on an

underlying |ayer or structure such that there is no

space (e.g., no annul ar space) between the overlying

| ayer or structure er or

st ¥uct ure. Further rr%?g §(n§r p@‘ p{és@ﬂlbll he term

Ci r CUHifwae dit ullahtk@tesaeerbssdsenem vielmadf the amnfgehm)ennq theegaolar cell

IS disposed on the full perine f the und

qna;sgpa ey oF & SPP B GG ' JyE SHAIGE] gesearhdy 400

ﬁ%ﬁr@ Q@Lﬁﬁ@i\l\ﬁé Ql:ﬂolés %ﬂbﬁal%v&‘%ﬁ%s}bé go hlgé’QB -4 of Fl ure 4A. In

structure when it I's circunferent I sposed oun

Ripre fdubickpededtrode d04 of ddphzéedmdesolh;ilcygndra‘yﬂesubstrate However, in

structure and. al ong the full eund ing .

egpsmiadinagniy, i asFerdangs ity lguffh %?}F%rstg?ﬂ %B%Pﬁ@&w drical

s*asafa%mheé -BRcEHRAL L RRY ek Bt é!l@étﬁ@al? &h&&éﬂﬂ%@fﬁ%dla| I y

seal 1 ng layer or struct does not" extend ong t

direlinféremdgily dnsfpoae‘d cnmsifbsﬂr@te A3 hayapicted insRigue 3. eAll bther Ihyers in

olar cell.unit nbl i_es Fi Ajll a
Towed ateas aated inige 3 diky f%ﬁgewéﬂ fﬁlﬁr apf?reimslaﬁ%ﬁ
e‘h@dddxdiéHt& §e;§9£9d # Fl?ﬁ&aﬁlsloBtI@n?&opl anar fashion in order

forma solar ce assenbly 400. Figure 4B provides
a cr obseandetseemwuith i @we.wm land éBpech ctonghted eclh O ABsaf length that

iag gtr S%ﬁﬁaaeiw tFﬁgur ¥ tar déﬁ@é{ém{;l? ggg {qg‘dn ée peq,dA'OA\'/al 5.8 e arcgltecture
shoRAG F%%¥§4A Rs REGCRERANRE fiohi Hdd-édhidce tht sHa@Ei“QﬂartcléﬂMm Such
being a solid cylindrical substrate, back-electrode is

afrertisitel captect leffomdeoknowaldbylcwﬁ@udem@tsrﬂl efrkigl 2B). Another

ci rcunf osed..on subst t 403

GepTbeet horen i s Pt pdpReoriatatits 02
e@éc@rm%ﬂy'cbhﬁ’eﬁédﬂh Q6kidsathcOhaR ir3Fhralldl K& uth i seHELconBguration, the
filler layer 330 in the enbodi nents depicted in Figure
\mltage @quap alengated 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 electrode component of the
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As can be seen with Figures 4A and 4B, each el ongated

cell 402 has a length that is great conpared to the
WR2HI0RHS Y of its cross-sect] An advant age PET/USRY7/00661S
clieBiits Deqahighiy fAndustivs iicsial Fqrevemale. e shovpcponductive
dotOd4 & deh SR &40k NEmadbafeeoRRAL A ekl S%Qxfas meGl B the
front side contact is found in known devices {e.g.,
adleprating, sviede adnditctive @B) 404A30bhe solal) banttge cafiptises a

archijtecture shown .in Figure 4A.is that e|gngated

bagke CH@% layer Céticgenf?r%tsaﬂgﬁemwe on SHOYTRICAR s bagk-Rlspirode

RRa0h5 BRAR L Rhuyh® YRR RS ALL AREGH-300 L D s

wefigestiomas depicebia Kipeevalrtadhim layer as depitted sryBigerg 3B, such back-
eepi ng the current do relative to

her eb , . .
ea%ﬁrﬁﬁ?% AeCay CHITERY Withouh ph apRrgriatlile cumentlossidys siesistance. While
A28 M QBRENMOATREKS Bl RS BaclBEEARARTAON (Fifre 38)
eabwn daw echisaicay transpdrent408dadive ldyesstenadrmpassimgBugulaeger 4énductive
and . Anot her advantage of the architectuyre sho i.n
SRR ARE ik PRy Frfent FRTHEEE SHiATBopULE-Tiode Stipa of eads) 420,
BUS! BBl i§ ah Q¥per DB blﬁh%_%&w%omhv@é&g 4®nd/or substrate 403.
conponent of thecircuit is made of highly conductive
Inavieor phitheseFaond atlxeamphederatsonspdienietbdvebetwoerdl 6 millanetens émm) and

et S35 bl 025 myde of i eondoptyve L
(EUEISS dnifor GAbLraftOfb 3 (Fidied 3|E) 2elsiAd sOHat Ry BRY lar%e yenough to

conpri'ses a back-el ectrode layer circunferential
cepesiutrect withsubpprecinkle 468stive hesstr git-selablainoogletol alper the

ncn o fstoC IR T Rl 180 Pal TS Pupter-lecrode

iglped in Figure 4 or a thin |ayer as depicted in

Fi'gure 3B, such backel ectrodes 404 carry current

wi t holhe aslmantpgross lavbtesistance rattrel afslse atokitacture dbissatadorelig. 4A is
ile.larger.conductive cores 404 fgure 4) and/or .

i Rl PR GGt roRi e & o G ERog s 420.

H&Sévet,ah S8me bIBOSRRNANEomR KiodE sthiBY Bfeshot N&RMIaSIRrNY

such larger conductive cores 404 nust carry current

rhendlitlae integretaen archisecfwresnudrasshesctdesatibed in UpgedBtates Patent

eads) 420..T re s er . bound on the size
Arteaten 8o Ve B RgMakand, ARD bpRRiShordsy indfmiedy by
referdri@ BreaNid iRtenBretf RRSLELHBDORNSe déRMEter d is
between 0.5 mllinmeters (nnL and 20 mmin somne
embodniseme smbbdintraty ferssamplep gicicoutteoelectiydgssirips 420 are composed
onductive core 404.(Figure 4) and/or .substrat.e 403 :
RGP B ed AuhORLY oRlF e % eghe R it sxamle, in
soafelembddRHEHLE e Wunte@lelecBBRS SfipsUPl (Part EtinfedibyRlchOieMSa thin
yet small enough to allow the transparent conductive
metglbic layep on @ seitgbile substraty ané thepdatterningedhe layer infrea series of parallel
nter r rj.Rs,#420, ~~[he. advan epuys .l,ow .
ST TR TGt PGl SR A b7 R RS popcucive
dpbgy aldbAyg it 18h@R of acolbt it 402, BysHole iRIFgry 4DONABeHeE ¥@bodiments,
tE{g}opert Ies of the counter-electrode strip

A , 420.
grupisr;elgairode ateipe ARG aerferped dicestinea thesjodaricelbeid02s tInjoher
| BAW Gl rat.i
T N T A
cBhatigive Pateedt 2, as illustrated in Figure 3B. In some embodiments, connections
between counter-electrode strip 420 to the electrodes 433 are established in series as
depicted in Figure 4B.

Still another advantage of the architecture illustrated in Figure 4A is that the path
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Application No. 11/378,835, filed March 18, 2006,
which is hereby |ncorporated by reference herein in

wp 240 93}15 fh/US2007/006615
AR N K N A SR | A
sé&@c&aects&qﬁ&%% 1@1‘1%80' %ﬁr@%ﬁ@tlbﬁ% %@m{e £h%en tl’?‘fh}r&%‘h of the

epoxy) or ‘conductiv or e
semw&y;mﬂf@bsarbmlayerthlaemg d)lu:rﬂae‘re-\eiddr:butmﬂ e pkinan q:;mﬁ@ﬁfﬁtnan eThus,

or nmed oSi ti a thi

(b Re e et MRl i e £ 1S, o ke 3By thipeer
c

a%s@?gblz 2 infs Srag? e X%Jgaﬁ%B%sﬂilg ag"rél&lgre W%g{eﬁrﬁ. gﬁ ﬂféeelongated
acdniduiwtd, Ve thporyatsboign tdyer hlmogishhc)hgla becduae of thelinet@Red path

S own i i gure 4D. od| nts, the

ﬁgg?ugéa f@efaryg s e 4byrhtion szqrﬁ% ingief eeﬁfttwy tg gomparable

%%%ﬁ@?%”é?!’%% (§R8s resaflOa, BEREMABARIA inkile in officiency in
the egibpiatiento amhagont lpiataaﬂ ﬂ)j/afrcelélSl 2Addi£iori1dl ldeintapee df having a thinner

Fi gur.e nents, connections between

Dafatin Faé%%ﬁ%@"%g?rgb 6‘%2’6“& Yoy %ﬁe‘é%e Reisusfabsgpmgion layers
r@ﬁ& iADkisSHaEriAINnd Gd @s ﬂ%aﬂ@rp'liﬁhﬁgmﬁd?e FthﬁhHEleab@&lpu@i 'lda/krs are
anot her advantage of the architecture illustrated i

fEstegruo enaka, uhsrebhdmrthdndaovpatdglpen@tchon kostsigh t he absor ber

| aye

o st dies ofriieand patr rats R iigegan FASHGARYS that they
ﬂabé‘g rélQ@ve@@Erﬁal’l ?15}950@ atedd! RuARe o chﬂ?ar%E’?laBXxps%lé?fcells and they

absorber lTayer having the same w d in a planar
osess madiad syrometrThinshe ¢thbodimentgnsthten: drbekiments not illustrated do

illustrate ure 4A all for the desjgn .of

kPSR g B e SRR a4k fA5SE PPRRET San Soighe papprolled

RBb&afiof 6f dopfe@YBhRORAIGH laydis Ad¥@ssBlyO3TBE® the semiconductor junction

architecture, the thinner absorption | ayer absorbs the

41|Og fithe seaHesarfate arke, rehatw@wswwvgatohall fémn gahel tshlavcalls, mhans that it
Because the absorptio r is.thjnner.

B B0 B aiaraPEoT el e EInEdiePPYonof e layers tha

foff $hed Rili&ANESr ﬁmenomm eTheAAdiaV §dthétry ébﬁlr&ae&?ldit@d during the

efficiency in the cell relative to anal’ogous pl anar

rsaiudactereloff she catlslirt ordenatio eaauanndqes ccaﬁpdrsamrr{g ga uniformeraterial

absorption e at stil]. absar suff

Spos G PP does ShnShalsaliot e ayE Haith e e andividul

lQ%ér?Bf @k S%Qoﬁﬁ&térl]ti&:tﬁheﬁgeﬁ:or g)&-ﬂi’iﬁﬂl‘@ rtl‘i@&ﬁldu&tWe%?er 404 upon
sorption layers are faster to nake, thereby further

Wineke taynq ape' dehositécio roaksttbe sodareHe A0 canelre: ratpeedoflong its
402 t I ated in

I
lSﬂé)}F $§x1ﬁ g\t}rén%sq.c |d§p?%téqnym |10 gwca%rgﬁ)é&ergatenapf composmon

dn@l R tuhMBrmk QnélQiéEbaxh%PAb%dﬁhéHﬁ@{vh&@ |tl§?er sotdtlckBs p&sReh radigysymmetry.
possess radial symetry, in the enbodi nent

A$ disesset abgve, moboliembadimentstofithd presenainventin prssess radial
neceezsarl |y have radial symetry. Each of these
Pties allow for the controiled deposition of

dopedr lfeﬁffbﬁ%gﬁkﬁiapéhabab%cﬁaﬁ&ﬂ@ﬁ@@f y%eh@rafl? eimedlien Figure 4B. In
sem conductor junction 410. The smaller surface area,
ath¢rambediments solaeeal] ﬁ}i?abodﬂqsaﬂvltlpm@adr%awrak cregs-sestiomeraneelliptical

hat aS| e [ c
sﬁ‘ﬁ%edscdé asggt 0 uarr} thé lé% %r%%*%l&% nl%of#& {l}l%lrelmg%g ?gﬁ& ﬁla{hg%lsoss -sectional
shape of solar cells 402 in the present application. In some embodiments the solar cells

402 maintain a general overall rod-like shape in which their length is much larger than
their diameter and they possess some form of cross-sectional radial symmetry or

approximate cross-sectional radial symmetry. In some embodiments, the solar cells 402
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formthe sem conductor junction 410. The radi al
symmetry can be exploited during the manufacture of

WORA0SEPI1S | n order, to ensure upifor corrp@i)ltil’ﬁﬁ/USZOW/OO“lS

qre characterized by el e psserana| aegvdisqussed bRY G Rentunction with
d/or uniform thickness of
tiﬁﬁgi&sp ﬁé’f bmflg@ssg%g e seni conductor junction 410.
For edxanmleembiodanans) dm diustrated or Bigd@4 A pdirsvdndchcdrayedsrgated
are osited to, ma t he sol ar s 402, can .be
%Oiﬁf&glig‘ 31%%@%@@ Péﬁg@@m clsftrigally YeCoREstee msﬁ%‘ﬁs by an electrical
&%9&9?45? @5 doRnOLt S8 btaﬂ% @E@H&ﬁe AP (fﬁ?srt @e@?{)ﬁ‘% the ﬁrtst elongated
nposi tion and/or uniformthi ckness In ment s
smhercell #o2 tosthe aorrcprhd;ngoslsﬁer -¢lexdiodk sisgprﬂ?@tafyhe sesond elongated
S ove,. not a nbodi rrets of the re nt .
PReTifn TR Guloafdin Soiad slongred solgucdls dDS Ais g basic
I r
ERARR rRipeBN Ay fifishRe EclrdluaBRRY S 110, Bl Biadtbonductive layer
42t ndathqwzedhlicoadetist cared94 of drtdlamgated salar e¢ll 4(;‘{& | Icna;bme
sha dcrossectl and the |ike are used ac
Ghergs A5 Fp s L IE A e SSUFHS BT e ipd b Patallclor
I
REDRpafel Tt i 6 R RIRS S 1P BhoriRlcpdert Teab[Bunter-
adectroded) 420 dhat iakeec| sdtagrdlyiisolathd Glont daeh otheengtivantagenusdy in the

| ar.ger .th their dianefer. a t he 0S sonme for
comriguen Shsirrignin el 4 e Aapdate b as 404 sapratee direc
?%tl}@ﬁ?ro&gq%b%ﬁé aféi\@'bﬁﬁngsM@TEt ry. I'n sone enbodinents,

e solar cells 402are characterized by any of the
cr os sln$emle|em’mldlrmtmsodallsma shadatath oaler ¢ahls @6 jllUﬂBSCmb]ly 400 are

he descr.i pti.on of the substrate 4 3. In _so
e WareSeLis Pl S sxuBpIFinEP R s ety e g agins of

4%%5&‘3 Blap oad £1 tﬁ&la% ele@titally %n%@@ﬁﬁﬁrﬁ@l ap 158l dnldl second

are electrically connected in series by an
adngatedi sokir celd panalost elmecal]ya,tonnmm(bmtp@radlhb and are thereby paired, by
back- gl ectrade 404 (first ode the fi
Bt BrLaedBra Softe{ CabgneroRiralR St alliphaty S hot shown) that

oY RheEtonah &Rl e 8 afirdPloRatdd R 13 @EIP R HE Is&rbaafeﬁﬁlgated solar
soI ar cell 402. Thus, as illustrated in Figure 4

asilo rT@a‘tOBdﬂ@@ therpacadlel slrmmztlartmnsmerbagn@cm taymh éﬂZ of the first

SRR L G DR DB NETRhR 6 B gr Pl padelfe layer 12
TR bh @106@5&&1 ik @fl 40b %1tﬁ’ér%%h€é@t1§g’ih@ rtraﬁ%aken‘} @énductive

I'n sonme enbodi nents, the el ongated solar cel are
laydrs phihy teip pbmgetgd rscviaracerll@wtlpqrdaneptéy onthravghral sycq;dreéﬁqtreqal contact
with re

(Phbheb RIS mhfh SRR D B R el B bR REQEER b sercs. 1o

dosifel enttRdirhérmentR@e oot iRE - sixddvaint sigROUfleYten] dlevieR®r more elongated
confi (];uratl on illustrated in FI&{HG 4A, the el ongated

S@&ﬂr arllc)2 ase glpotrically preanged én parpléalt Thesgtrerallet goghs efriongated
La?%éﬁ’ Glizd regt% G240 ahgﬁ%g'lﬁ s§fRodi ments, not all

e e ongat e ar ce nassenbly 400 are

eI ectFipereldCyisaneaRgihannofREioasiC diigasaBonavhitina porten of the
enbodi ments, there are pairs of el ongat ed solar cells

beok-clestipded @4 andehe transprrent egndyetinedayas 432 havg gen cpt away to
1ilh£tisatte @l@%o’g’lgggﬂqelatlonshlp between the counter-electrode strip 420, the electrode

433, the back-electrode 404, the semiconductor layer 410, and the transparent conductive
layer 412. Furthermore, Figure 4C illustrates how the electrical contact 433 joins the
back-electrode 404 of one elongated solar cell 402 to the counter-electrode 420 of another
solar cell 402. |
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el ongated solar cell can be electrically connected in
parallel, and are thereby paired, by using a first

WQIZQ‘&/ P | GEGSRY)7/006615
B M E T WO R R IR Oy
c‘é)gf!ic@f%@ tﬁdt %ecﬁalﬁll c%ﬁ.ﬁébtt g s%fétr% ERN tﬁ%&hér%%ll}sr‘?{eaqg be placed on

el ongated solar “ce To conp ete
ane reodiof asserhblytétO@nmdiusiretted:mergm’e 4Be I-I{caycmter léihé?ap@ftlatlbteshtelds

f t el ted | 4Q2 | ect
cethimreel] 3 ffe%ﬁ'?wgt{t%‘ggF@HPa ZoNaGs fiopb e agiaptn solappells 402,
hil§nS&%a leﬁL‘ﬁqgl@ﬂ@g E Phid rddin 't(§ g@ﬁrcbyD which is a cross-

cont actl e trans t conducti v ers of t
stetmnel uagajf ad ebmigated sdlat $02e¢dllhekenchbbecmdey4]D44Dt dfrfoggh 48, it is

second el ectrical . cont airs of |
PO AR ERBlstely e farendies bheprarld0e it hs Fapspangbepsing 310
ih ﬂtesrﬁﬁﬂn%&lldsﬁat%@”ﬁt W&h%émf LHE BSersfiPHis sefa} e 1dent18al to the

si x, seven, eight, nine, ten even“or nore e
lswlrsmrauetfbmntiﬂgl dismosed kmgthmm drythacomiugtee ¢care go4, atah&ly, in order

e aral s of ate sol cells 402 are
% Hgﬁosg E&P C{P ?%ﬂt@é é‘éate 25§dh%semcwuawrtuncnon

| 10h id r
0 A 0 RO i o

4d 3n dusuchvemtodineents) 1l ¢nehvAd Stker neceive samkght iod tHekafstercahiibute to
rel ati.ons

h It t t .
e HAREF e A oBes B Shbh soleHeICIRe 1 sfae amlodipieats. the
t&%%‘a‘r&tt REHALIR) Ghs af Bfh SRAY cﬁ%‘éjét%&rell |4@Y %ﬁch“t%gt el@fcal contacts

the transparent conductive |ayer 412. Furthernore,
CFchlﬁEten@dtﬂermstthateaQoiﬁdwsptwcelllectr|cal contact 433

'oin the | ectrode 404 of o el ongat ed .sol ar
Lol 1 HbIE D RS e ie e e ARPaU GieB R Ba SEHES Iars deposited

on&hd c%c@@co@@if@@&@g@pe?éd dt I%ﬁd Q@@Whgﬂértﬁé él@&rtc?l contacts 433 are

ilTustrated in Figure 4 Is that the electric
foont. dinrsnsdaaﬁe,tawtannmelrpcatlbxyof:tbn bedt-eletteods @0 lis eglobsl, 49R1ustrated

T e R
280 SRS At A oA EIVE $ayRAE D %@lsﬁgar%gg blva¢88nf @Hhmal portion of the

unwanted el ectrical contacts fr t he adj acent so
ooediu0$1V4©Qre 40dk anh@nma@mbmm@irportmrmf thesemisomjocor _]UHCthIl 410

PRl M ndiie 40 ebisgRe ot Favgps! Land the vansparent

cbﬁdﬁi%ﬂv@t&%? 417 218 stppdPawhy Frbﬁhl'bf t%rrﬂi%al pdrtib® opﬁ‘ﬁﬁb&tdﬁcﬁo%unctton
letel'y seal far-end 455 of solar cell 402 with the

4t19a 5p mr@ammgavgrtrtgls @itheu qontlwéwpramet% the tasmrcan@cttorunncnon 410,

t hi. s
R PALR R e d e re MRt By b ils BT 1o Gs woteg by the
ttaﬁi}ﬁi dHlcsEn©F1 0. r@ucﬁ%%ﬂﬁ%ut’éﬁo& Rra@véidacolap®RlaMse it ﬁrevents a short
er of deposition on the conductive core 404 and/ or

fmmbdc\reéamngﬂf weerhidie sanspacand aondvctiyalagen 42 aad @he ctdméuctwe core

tio intrinsic., a
P8 HER b 1D Qs BbbEL s gy SR orfl R SRR Estegtroce
strhﬁlmhdhléﬁﬁnct@ﬂ Is%@ltlﬁﬁe@ga[dsgéléctﬂﬂéil}lﬁﬁétﬁﬁﬂh@transparent casing
contribute to the electrical generati ng properties of

3l e Howiexer, therq is aozequirgmephibiabiip senniemelectradystrip 420 make contact
S t ds, of t h ol ar.
FPIBLASERAIR PRI AL b 50Sh B SRRl e
efongategisblaccel BAG2 ahd thesr @lesondRigl 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

electrode strips 420 are fixedly held in place by a sealant such as ethylene vinyl acetate or
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Figure 4D also illustrates how, in sone enbodi nents,
the varlous | ayers deposited on the conductive core
WQ 310846 red at end 466 where, the el ectr . BCT/US2007/006615
slstnec nss wS-rahod gRIR & aegidanseswish e prasep tanmlipation, the
[
olggfltﬁfs ?lregt?(](;e Ie ﬁﬁps&?guﬁggfﬁ%é?ﬂﬂgﬁéal ﬁlr%gﬁé’tsa‘?ﬂatta%ﬁed to the sides of
th@mlmmeﬁul@tzoﬂn sameembodihtnts it hecoodantowith the prageat agiliation, the

and t r.a arent condu ve | ayer 412 are.stri d ...
BRI s G AsrEaed s egrco el crqupmept & adiional
\ﬁ‘l% -or %H%)tllﬂgé'égﬁhﬁr-eﬁ:cfr%é? 'mltalﬁ%tsbgrﬂ dr%d E(ﬂ?r cell design gre found in

sem conductor junction 410 is expo as 1l lustrafe
doperfdingiUeitel B tafEl @atentsappilhmompsbndnmlmt/er 1 6328,847 enariel

Ml BRperhen St oo S e dted b PG e i
hERDyifCHRpStad b@%f*ekéﬁ@éhé}%m 1H@ts‘é9ﬂ%ﬁ“Ve core 404, the
sem conductor junction 410, the optional /-layer 415,

and thhgure ﬁﬁrlﬁlphcre;mwdemm p@’spwavé mwof&ﬁtrmaécammtew Jothat

t trans ent ca .U a configuratiaon i
SEROL T RDen hS Dontie e Al g itbrin b PHE ol tontact 433-1
eq*&\/ﬁdaﬂpmerf&%% ‘Oﬁﬁﬂh& @@mﬁér?é"ecdﬁ%ﬁg aﬁo GRPRUECH gee%na @ gtrrlcal contact

2 and the conductive core 404. In Figure 4
@B&@mtechlkyoharfaml witht2 bask- plcsurchde(ﬁﬁ)éc(tfmrﬁrstméectrode of elongated
unt trode strip 420 {ch, .in turn, |
PP a0 B B stechicaleattas vy T Mis By o Cisplse counter-etectrode
otf ﬁ}?en@l&?éa?&it sofR2ENG0B {the 'B'Qé’l@é’l@étrocfem@ﬁ of bﬁ‘otﬂ& elon&ated solar cell.
requi renent that the counter-electrode strip 4 ke
Therstemd eldcticad norsha dfBi2csatibly camests thetback slesprades4 of the

cifenodar sl 7 Bbs o3 RuSTnaN SCifioMies sBRep soarcell 402,

a8 ehmﬁ (7 Blo R4 A8 hidnl R trfdP e f%u?ﬁ%h@g Mol ﬂ%g&rjafess of whether
transparent conductive |layer 412 such t at there is no

therbackenledbtode 404 ctitsefal sobdnylawtrical substrasth oeistadalyemefitlectrically

th t I I 40 di :
PG PEAETT PRe Aoy i RER o G F Bl Sagh fmgel 402 i
c%@t@li%?tatﬁalﬂ%hr&ﬁ c8lifybeme vinyl acetate orsilicone. In

some enbodi'ments in accordance with the present
appl ilsaddionny, El@@eé&mpeﬂeearecmqapﬂéatsd sdlarscell 402 avhere an optional

fIRBLGEE 5 i o FisPrc oS 518 b s Sl dotod O one end 466

tgeSablkARIR tridal PoritRetsPIES €be ARPédisad tHaf) in bdifle 8Mb&diments, the
cells 402 inplement a segnented design to elimnate

ophiensl ddlgr layereit0 and tb@jaartsp@mat caginge-1 0 @re ennfigptediskeh that both ends

N T ey e

eemmdacadmms serial nunmber 11/378,847, entitled
"Monolithic Integration of Cylindrical Solar Cells,
fil edigtedh ilgstrapgoesolatsrel Assembhef ¥bip acery @rp;srvathe@othpr
emeo ﬁ{rngnQ%f H)% ?és%n% D, 1E§tb0?1ntfhe$8%r cé: l gslgérgPlyQOB%r ﬁup?ls%gagplurality

€S a rs ec rrca conta

dfla&ingsted lsahi <ye11@ aom e&t:h tR@pallged at £tdasphint @sirﬂgsa 140Zach
or instance st electrical contact 433

eécrr@étemsel@r el 119% ’@rth%léléléalw %eltamat%w#ﬁréﬁﬂ%haé@thaska@le&g@de 404
c‘éﬂﬁé&?& afa ﬁ?s(fgﬁ;gttr 4 Gh i @l-|1 @g%iégégﬁhgf irg)acﬁl ebtrode

aces bac

 4oUech selitecydinddtad re@atr&@lllﬁ Od)rafucﬁﬁg bubd@A}. Hoevér irsdlternative

el ectrical contact 433-1 serially conpects the
e@%ﬁ{r@qnt%{nea@fgrga@e with Figure 7, back- glectrode 404 1s a thm film of electrically

conducting material deposited on a hollowed shaped substrate as in the case of Figure 3B.

The principals disclosed in Figure 7 apply to each such form of back-electrode 404. In
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of the elongated solar cell 402 to the back-el ectrode
404 of another el ongated solar cell. The second
WO 280960 HAI | cont act, 43.3-% 8er| ally co aﬂ"s t h@CT/US2007/006615
&w& eft ETRICOUIICHY Aunsiop fé éﬁ%waatf@an%ag iSRoatd oy cppductive
t r
Ce 4(%40231 aet?arf‘séﬁgﬁtr &g%'lcé%g&%r @B?fsgéuc gég&gﬁaﬁlg%s?)% on the
semidonductat juactiansd ifods |sbxhe embgdintthess the@luraliwtdietonghted solar cells
@gck electroe404| ,|tsel asolidclindriceill )
(553 gw%‘f lyarignged i paralie] @b peas Rprajlelmprnse therrpy forming a
R hngy BB T Eh A T B el face
(Bting dide Ziboo ftassembl 7Gx é"hémhp'am\yl odeek)ngmtee s@lap@ahllsas mhnged such

I [l 402 wh | fill I 330 d
tg‘tor%rﬁﬁgglé’nr%ﬂ?“ & i o0 Bbprrstty SbFane e folancely ot
c%H a¥t fceﬁ{‘éio 4g2£’edt 1 dﬁ%&ﬁsbl Ih%Bm%'e%BH%e%, Mlg@ﬁ{)ﬁ ef ell(;ngated

IS tO I ate n sone e
soptr celtsab afraﬂlgeelrsublaghat ed8BOF areck aripatetirsalas peltsan thecplsiatity of

chagaft el e ls e TRy EFeng e dreaspeeditcon i faver 412
aiﬁra%xlltae%rfgafeg SSPJ @le 40 ¢h8&hé E@Pbdlﬁfgﬂfsaf% giurgllltg W Blohfated solar

l'ustrates a solar cell asse ccor dance
oells Is mnghbsuchmlmeaaimﬁth@élongmecmoéamnﬂs mpbé phlaallty) of elongated

The | ar cel | assenbly 700 conprises.a u 0

s0f26 i B Sty RRRTL N o91er LEET AR Gpith 0T Hlpedp Slongated
sblR28IRM@ent casing 310. Each el ongated solar cell 402
inthe plurality of elongated solar cells has a
back-lelsemt eodbediiehts; drefd gurfest @eow Ti7rkanded mcbnabgmové "n77-2

h
tﬁfﬁ%a? LRGS LeeMes o hetastgisiiss ab solfiall 5% S5 BRDE A some but not

J:@tﬂ7 afOMBYEY.» In Bn! etrrﬁ{oﬂﬁﬂé t§ tl?é?@%dd Rbtes- ele@tro?]e 420 in one
accor a

nce wth Figure 7, back- ectro 404 is a
driboth gbowedsext thd wddricylls dndhmemhqixnnnteiluatatdhpd‘sguredAothere is a

a hol | owed, sha bstrate n the case of Fi ur
R AR P R R hEn e it eSSy yesicd Shdgptar cell
i el LR & sobRekie! sichaQdRfigf4tiod B%H%Htf%eZus Because it reduces the
sem conductor junction 410 iS circunferenti al

mitlsleogtbdf onrretalrpomadiiof thcetranspwem@ﬁnamﬁvalatycaﬁhao dnehier words,
[ r 412 js circu on

(if RS el Pt b st s e Manshrels BoaRIB Rl er 412

Yelfste P refichled h ¥owttered|&RERAE @90 £:04 @Iart‘é?bf fhe ¢ReurRfefence of the
geonetrically arranged in a parallel or a near

tpaspdrémdicondustize layne r Bpgorftusiyimepndigptatinns whencdlerd awmh)ga single

a fir face (facin [ 733 of . as 700). and
Buelshier s Bl Wi o e taRoLEESRARS Yoo tintlcReth tha
d@lh@flﬁhhm{ra‘?él if |t1@ﬁ§1ﬁ¥é?ﬁj cSRluafive Rl érst 10Dedre ateRNeSs unter-
that one or nore elongated solar cells in the

eéﬁqmdt #29isgr full heHpd thercirpmderenes afshaganspercaironduaative layer 412.

TRSERE O P o Rats S8l 77"t RE%s SBRS LiGERT depths and
sﬁwp‘dwamteri@a@dhrﬂhs bl ao eleangRinged ﬁﬁdh@%haﬁa@'dfﬂl dgl}ob%@ 777

Iura ity of elongated solar cells does not rectly
bﬁtaé@tm{&ﬁ’ff@ ddh In ganesy) aawroemn%ha@@ 77/7eth|ata5u@fs ahpx_lg)the long axis of

%%%%%?%91 g&[‘&%{e ga%I a%%rﬁxtnto‘aﬁl fo ?gngat er -electrode 420 is

ura
within the scope of the present application. For example, in some embodiments not

illustrated by Figure 7A, each groove 777 is patterned so that there is a tight fit between
the contours of the groove 777 and the counter-electrode 420.

As illustrated in Figure 7A, there are a plurality of metal counter-electrodes 420,
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cells is arranged such that each of the el ongated
Wagl@&r/qu}ellél s in the plurality of elongated sol irgT&gsl @@06615
ctly contact the outer transparent c
B 3l eRRivVE F’c?ﬁé%f?éé(’l%ro?eélr“ogél’ the plrality of eleated solar cells is

sITRaq FBBista f trﬁ%f;ﬁgép%ﬂé'mg Infetdl cg{u?c@r’ edtfol e:'42@nr‘ri t}ﬁ!: plurality of

second groove /77- at “each runs en t
nppbgiungrsiadesdafsusiothat thedrst M@zl cohnteﬂe@uﬂr@de?lk,s isageoove 777
In .sa

777 bel
Bt fraiy i acnedhe 5o doe slopestef sver e Tapbemsora the sola
&:Tl algé%trﬁbl? 'flg,@%gl%d of F%’ﬂﬁe G e%ﬁh fShdctive %ﬂ)ngﬁ@d SRS RAY 7 js,bound to

l'ustra I'n Figure 6A’° ere 1s nter-electr
a‘ sebbmﬂcdrmsgd)rtdmg;metahcdmﬂtdr didveroie 4230 swwhdhas eloosedogl metEsounter-

s Neb e Ssornd gr@ﬁvq PE b alsoetiattsalssbe fespective elongated
§o?aglégl?§0§ hgs Bater ﬁﬁ%@fi @Hfjler jﬂ,ttpéjﬁ Wgro%(fg 794 aﬁch?xﬁ second
12. n ot e

transparent con Uctive er wor ds
graowerflﬂﬂl drengbppdsitator suhstaﬁnall)nmmosiw sided ofithe tegpective elongated

ans nt . conduct | ayer 412 before it reaches a
SRR O E Rt tncirasbe fne BRai Rt el of ¢ he
CI rc t :
T e
deiproggdeindogunt 84 - ie ueat m@deaséztbngstm solat exdls W2, hBacaguse/&rns important

3 P ot sRErAT St e ohanal Bcrd83£rsah s Ghepinferentilly
%@é@&t@e%@%@l&?&&ﬂdﬁﬁﬁ HeRahspadnf Ysing *36}b in fe th

C|rcunference of the transparent conduct Pve I"ayer ﬂggr
ilthgtrapedeindig. 7a’prml soo®t dntrodenausphihs eeesgmtappisation.7 I fahe

h .a b and sha characteri stics
chkpdirge, o AR 3 APBNS §6 HEDR A X e G dyEdhe solar
cblid ab3 | Hﬁo%te‘%%ddﬂngﬁtg,%@ﬁﬁﬁ la*é? 396 @&fhgrlses HYA gl: 8f¥6ne. In some

shape 777 that runs along t ong axi a so
ambddlmﬁﬁs ahtdopthmal Gler la;@m@ﬁ@rm@allammdtd: lager quah &is arfy d)ﬂ‘those

ode 420 is within the.sco h _
firdisedin @Jﬁ B2l SiovigigRal Salefthe iSO B b Heaed led
M&fchi1h! 2507 atREIBW PhAW dtaichn &ﬁ&ths H‘é@iﬁ%% L%Hnété Layer and
patterned $o that there is a |gt et ween

Meothpd dorsMalfing e Sgﬁmnﬁ\keafiﬁg?amue)t dreketoumber 1 éﬁiﬁc@ﬂe&l& which is
420Q0. \As illu dlnFl ure 7A,. there are a

herhvAnSarorated g ferensh hersi-iB s enlitsinr 59 MRBosgadh some
dnSEIARRELY, Qh@in@%@aﬂ? chOdsed sAf del14982 bk dsfientbdHin® & pMnar array as
of el ong:ated solar cells is bound to at |least a first

dcprqt@islp mghire d Anelthel plwrelitytadielapigeted soldecedls @02 are doafigured to receive
t al e es such that the
BrefLfonrmony bR AR K 7B S MR B, oora 777

that pFigie 7Benetiaes §erosd- mﬁoﬁmlervesvmﬁ%dpw t6 1198 gBL Al of Figure
solar cell. Furthernore, in the solar cell assenbly

TA. Selar eelle 40P arerileptrieallpAonecetdd to @dpetini e oarepuiging the solar

sql ar I 0 nd to.a se spondi,n

8t QB ot Rt S B AR ARE B 1 SRR T AT gna by tre
B BNEIREEIAUTNRMR dsideseribBd Belo®GRREnjAh&MBVIf FighhatB.M HRtRough the
| engt hwi se al ong the respective el ongated solar cell

igdyiduaksofanceReareishews senarasel from qackyather toaeveah ghefeneapsulating
fgzgtgr%é Bf fh Z t{a% aﬁrérﬂ%aﬁﬁé?[}g n%r RI\SFS ;ZrtaHS‘r( HisBice ?&9&%&& fie solar

es 0 € respective
cllongaisadquired 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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solar cell 402 and run along the long axis of the
cell. In sone enbodi nents, a transparent casing 310,
WO 2848/048316 he transparent casing 310 depicted i ﬁcifﬂﬁa‘?ﬂé/‘m“ﬁ
apsembly. fopigstances Hrspsee anbodimeris thofiglaneebgtweerpajacent solar cell
t I r
C%{i%% % ({) Lﬂggné W&%E‘t@ngéa ic % 05" g%la%)&/’eoré é‘@%‘o{lsggr gsfgit%r, or
bzt weamntf &tdehinicbhsy odolanﬁa@obdmlamiemth ke £ aud dibhsidH3Df the
and the transparent casing 310 in the manner
solar gell paited0 n Fig. 7A in sone enmbodi ments of the
pres I
ayorCyae b S, coRa bR T B T YRl Feen P sclirgeib a0z i
rhadechyt dlectiad] aontaetk 788 #aRelettricalbnenasdi ol mnteﬁiectrbbe404 of one
filler layer 330 conprises EVA or silicone. In
cdonsatrdiseler sell ftodhe Peresponding epuntegsriscirades 120 % a different solar
a I
oo 2GR 1B T AT aRE Blauh OF £ A SORERANE Bore 404 gnd
samicbetiector juackidn 4 dn Mae @dsiarl&,ll 4004 furﬁm‘r iillusedte the archltecture of
Phot oyol t ai ¢ Apparatus Having a Lam nate Layer and
K6l 4% Maki ng the Sane" bearing attorney docket
numb efhe]sl)pq?l &l §s?sef%%§f lﬂﬂ&a‘f{ﬂ inSFi gﬁ% %%5 LR QQ{}a@ﬁ%‘gs.bVirst, the
reference herernin or ‘such purpose "I n
pate agafgedicneof the sblbﬁcdllns dog |ledauad Alyh oI RS petcan |stdn@gein| the
402 re_assenbl eOl;;I nto a planar, array as de|tc_)| cted |
Rble Tarinstgaceyf raaﬁqn@lgly 40 @P%‘N@QF% suplighy from h’%h ﬁ@z 733 and
f?%%ﬁ?éf%%%f’ R S S (S

ahipasd peslld te ea&snﬂsacm}omd)r little vpask képaraimpete stractlierie completely
7B- 7B of, Fi gure 7A. Solar ce|l]ls 402 are electrically
sedriBRrEng t otild prtper adyantags fdhggssamplyrig pasg of meng e, Unlike
B oS HE of 15t gonia HPrRale ALYGIORARMMEL AT or Eihsparen
cmhémnveanaidemrglmusreqmrdbs}hlrlebadplbeﬂocassambleasplanmlll 412 and its
with Figure 7B. h the individ sol.ar . cells
Cézrr@sgqalswfg OUPSIS étr? %@%mﬂ@f %@mrﬁetﬁéhﬁe%{rwttﬁ ustrated in Figure
AOGRRN. Bl Bicf 28! WheTit } inl e fdrATIRAREhn BRI

no act ua separation di stance between t'’he solar cel

cbB@udtve POy ar&ﬁirspp'ecclen theegrooenEffasfentar celb#0yardilhiowed to cure.
shi el ds the i du solar ce|lls 4 of t.he sol ar

col | Anillustaged &W&?ﬂ@ Lhﬁ%wev%me@oa@éa thedupetion 410, and the
FASp A&t T on W‘%E Eyer ikt fﬁl@l@mh%ﬁcl'r&théxpﬁ%ﬁd 9@@5{ {lgn%e&ed solar
not required for “individually shielded solar ce uni t
@08402.nlnf aatrastt dtend 76%,she eorvlucti veecore prospdesentit wahirespect to the

juation b e et v InEe  atib e unctigna10 also
oSt RRGDHIREHE Wi’dh%s?@&t 8 %ea&an@sérkm%ha&n%@@ag&aﬁzx D, The

m crons or greater m crons or greater
procusiorsoitthe gorshictve care 404 atvandrV 99 nagads thanihersoles of @terminal

PR Y cGRMERUETFE “Bhir® bR o PPeobb GRS IHRTIOR 410 and
PRkpAENtRoB&IctivE Hye£ PIT)aThe PRIPOSESS thikQoRAb@atiGE]s!tS rdfdde the
is made by electrical ‘contacts 788 that electrically

ahenees of shdrtingthelcovnterelecitmle4@A (of the gporel uad &t mgusichacounter-
g?ctrgdg qu2 grtggé%?%g a’YI e ?r%rrllsdﬂapeglt S u%t?\ge l%lyeerc41r20(iir? g’on%ez 0

embodiments, all or a portion of the exposed surface area of 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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cell 402. Figure 7B further illustrates a cutaway of a
Wg%tgoasll%gggductlve core 404 and sem conductor J;’E%‘i@g&w‘m“ﬁ
e, SQ el | 2tof il a
CoPsT-Fleetores 2D I e Ebican6bFierT A8 ibgigRedaith an electrically
%ﬁﬁlﬁ%‘rﬂatblll justrated in Figure 7 has sever al
vantages. First, the planar arrangenent of the solar
cel | §St4DéhoItImuémnadgﬁm)§thezassmbjg ilbesrhted aBigaee 7 15 thétehe

QEREEEIebins AR baTK Bgh xfgaereco? ot ridiout Sradowing. In other
WHAORe ¢ Liate%zégeg%mﬁ €a sﬂg%t%ﬂt@}]?] stse%ﬁ&gﬁfgg B.£91 mm in

sol ar ce are |gne par eac
dirhétenwhar sdlartcell @03 hace 6 sapdiantdtern, Thise thetcounterselectrade 420 can

conpl ete sel f-supporti Still, anot her advant age of
P aawéﬁényameuré&g GUBE A Sy HiFeS CarybeieR Ionege RpSSIbIe, thus
e%%l@tﬁy%rﬁétléd“@ftla&?f’gnsﬁd in Figure 2B, no

conplt cated grid parent conductive oxide on
gl as sThessenexqwnnedlonEbetmmﬂml selar tellsodRarahlbe batveseh pairs of the

o Bt 08 e At SRRt PO T [GE Vet B PPl Br g Fenot 5o

litfitedC QH @51%5 eRIbBGIIAEE 1?2 Br mﬁ%ldrtcel'ls%dfbr& EFO fg@c[ f@g@fhe@(e g,

W re, can be covered with conductive epoxy
alectm@dalygommmdﬁﬁi pafallsbfasliion)etolforbd 2 geoug cdlsbkawe&ilstand then such
cure. |Ilgstrat.e in Fi

re q% the uctbve Cag
goups A laf eltSEroseriaky conprgtedi e em%%arT Briftis¢]
doﬁbf@c‘hoﬂéget%&l §dlé&5€éll¥"b§rhbee@e‘?@e&1t %@ﬁpsaf;f s@ﬁﬁj caﬁ%}gre such groups

el ongat ed sol ar cel . I'n contrast, at end
ltaheampmdubetrlcxfsolanceélsﬁﬂ@t(e pdes3,d, bj 4, mlﬂimmedhgure 7B

.hhe 'uncti%n 310 and the tral[;s rent conductjve | ayer

ihy9rales & preiqeed smeadimehity WA 2360 copkst fecieratesonnepis enly a pair
AloBPELIEYY2M th respect to the transparent conductive

l'ayer 412. The protrusion of the conductive core 404

at entetagotharadvantapaof thhessinbbsillustraied wrligwal7Boio that thre

of the condu ve, cor 404 ar e expos . 0.,

(BRI SOy dHL RO CeRREea STl A b eIn some
dnf¥RiméitLan o yl@né? Wl@?ﬁ?erof 30t 11 Deieh ks sgffaéesoits‘élar cell 402
reduce the chances of § horting the counter-el ectrode

ah@d Ohq ionert smefaeq)@ﬁ(tine trerspatent easingt 3 1t0h eﬁldmugh Ermire ¢l polj/edeplcts

LU R R e T
c‘?t’éﬁﬁ’l%ﬁg b‘é‘éﬁtﬁ@l%e@%?@otﬁ’@n&%ﬂ%bﬁf céll 86t 0BT bERReARIR two ends of
shiellded with an electrically insulating material in

sotadeell uoity Buce the chances of el ectrical shortening.
o ea BRCBU Fel LR SHUSes ot RESEEABR T Igh il ghiageous n

that@acly Bdivid @ sQhOd 402t eapslIfed b @Rl thanspdrent!cading910. The
material. Still another advant age of the assenbly

trdnspesentanging B h0 Euaginaet pertiadlyttreasparénd apd orade of sorecondudive

420 . hav her co ctivity,wth

TG RABE AEReior o P hey ity Hsbdtiaymadgasgording o
tR@Prebéit eedg® BO BbEYRE IR inSHIADH teh Wlﬁb’l&ﬂtw&!nzeﬁclﬁ Sol8r cell4TN Yet
in dianeter when solar cell 402 has a 6 mndianeter).

anpther empedimgninefahe solarcaell ggsemidy) 78Giis one in which there is no extra

absorption loss from a transparent conductive layer or a metal grid on one side of the
assembly. Further, assembly 700 has the same performance or absorber area exposed on
both sides 733 and 766. This makes assembly 700 symmetrical.

Still another advantage of assembly 700 is that all electrical contacts 788 end at

the same level (e.g., in the plane of line 7B-7B of Figure 7A). As such, they are easier to
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carry a significant amount of current so thatthe wres
can be as long as possible thus enabling the
WOB98/0683150n. of | ar | s. The series conn@ETUSAY7/00661S
G9BRGRLERT PRI Wik 4 By Sbate ared Wrstonet s pa i Bplifes
Jo'ﬂ&r@c‘ﬁloﬁ of fife! s'oEi r 0% 4P WK AV EeARR %9& t{) q‘nﬁéeﬁgg tife overall
B. However, the application is not so
@ﬁﬂencemfcsdlaneﬂt assetbly 700. Mhiseinsehserin effidiencd @isartecause the welds
uped together (e.g., electrically connected in a
‘%ﬁgﬁPF@ [t ashion) to forma group of solar cells and

then gucdh tg%eyms@ite@m BEuee tnsso%eeeirﬁ d'uﬂtaﬁtx 1&93381%95&%}1

to each o Therefore® thé serial connect
hegwredethesois an imtehsis layan4wec1t1mtn/ﬂetentlghodmmsed bawleat the

s%gllzclo%gt\ﬁ\%grr _]%Qgtlij(%lh4lg)r %g ﬁ%trg%?)%r%g c “n;g‘eyrg a%]:epﬁg%ar C !)rltgsated

soldr Usil 663 RSthe pR&ﬁft?'bf ggngdtétpéglm:c@ﬁs 4ép, V*'hl‘xecllﬂ%rﬁ@ma%(er 415 can be

contact 788 serially conhects only a palr ot sol

roalel of an @Bdopédttranserére oxalkd\sach a@zancot)xmlaenetslscemdd ¥r any transparent
|IIutra in Figure 7B is t the transparent

et i 8 B M Qi 1 B O s ReCraon 4100
tﬁ@sdl% &Qg 40i th he TR RIFRPAI TS lse %H i Se’ﬁg%l leg)}o}' L& an yter

| ayer [ies between the o ter su ar ce
wa@ahlnyjertwll@rq: theetes godxaald aysr comptxsasarfsrpmoedpctnmsitm and the

310. Al.t hough Figure 7B only depicts el ectrical
iRRar oQRtipL RV COmBISSSR 5Fonth PBRASHE: BRuStIVELY tYPey I a exgrpplary
dnibodin@RSHE MiRr E@arxm?lla@%l; Eérﬁﬁjlseg kot ‘ir{d)furh%[ahﬁlm dtselemde (CIGS)
est abl i shed at both ends of sol ar cel uni

Wetreasdhe outer coaniablager @inmseain,Sa| InaSmZns, B8, CﬂTh@ CdZnS

e o Gl SR itkpSo 26 PRV trmapciments o
1151£?§t1%ted0c§J Flgﬂl@& b BngaiRelcafes 0P {h@ %oltalE @fﬂ%g@? GRd hollowed

casi n he transpar ent casi ng I s at east
part |Faglluy 8t1tlmt@tmraeantar aeld ammblyo?}OOmfmhecmshmc applization that is

I A di
TN N e G R
tﬂi‘ﬁs;ﬂﬁém rcSﬂd{ic'hee layeid Bt iQintk @RSb AW BRaRES Mﬁtﬁé‘t Isastbng%@tong axis
cell 402. Yet another enbodi nent” of the sol ar cel

oefsslentﬂllf 490 @nd sutgrompletelwtihrohgh tramspaiest eomdestivedayer 412. In the

B0 el L B SRS BB Pkt YT Rlr otr
BB 07D e @6t BASUh R4 8RO ﬁnsemtﬂhssaaeerleéllﬁb&@fehﬁé v &inter-
exposed on both sides 733 and 766. This makes assenbly

eMUO§§ﬂﬁ£@tassQ§aated with eachsodar isell 4@21uamleaqell @ssea@é)emﬂ yl'here are
700 h t 78
oo e BT EHERL RS B SRy BRe gL sigh con b

uédy.. As such they are easier toconnect and weld with
very little substrate area wasted at the end. This

si nplinseme embadimants; nerpliglongatedselaaeeliset029n agremihy $Q) are

e IR Rl 538 5 AR S5RS OSAEEI rssgor o
‘el ohgefetl iscliae el @Qitmardﬂﬂeaﬂﬁa&lytdﬂﬁng@i ifpacARl. bg fEsmint 8&cond
elongated solar cell can be electrically connected in parallel, and are thereby paired, by
using a first electrical contact (e.g., an electrically conducting wire, efc., not shown) that
joins the conductive core 404 of a first elongated solar cell to the second elongated solar
cell. To complete the parallel circuit, the transparent conductive layer 412 of the first
elongated solar cell 402 is electrically connected to the transparent conductive layer 412

of the second elongated solar cell 402 either by contacting the transparent conductive
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Al t hough not illustrated in Figure 7, in sone
enbodi nents in accordance with Figure 7, there is an 1906615

WOR008/ | ayer 415 circunfere |1y di sposedCh

AR S RSB AG AR AN s M i
@ONGHGAnb VERd ﬁ‘é{%rof‘éilo%%ht@d @&a@&é?ﬁ QAL @y §P3E@1%al‘?ﬁ%ﬁran‘égg il &ries. In
the plurality of gated sol ar cell

somerqmtsxdtmémy elnred, fbur fime ex, secka, elghtammntrdn,paidven or more elongated

ans nt oxi de uch as . zinc oxi de, . qr
lﬁ)sa{@;ﬁa? gloptricanmnead i garﬁh?%m §eﬁerp§m 'Is { greyps $hlongated
s%%%elﬁmddrmh%iectrtb%uﬁﬁh&géﬂgg% ;. junction 410 of

the solar cells 402 in"the as y 700 conprise an
| nnerlnsomxicalbotayents, dredrauspayentensiog dk0,alic asydepiotddeinéigure 14, is

6718 ke eiaor g bl SR ey afismpaiant 7 Gt fom the

SRR e8I hifit 46N 134l Y36 ¥BF be 'ufbdqe Hm)@&e}ﬁon of the solar cell
enbodi ment, 't he i nner coaxi al npri ses

493p ﬁérllluﬁwmﬁagurﬁ anthdifidlet kamcltﬁéi 0((@lr@8)1mphdi‘éﬁ}spltehmts seepage

o feibergiiyetera By elar SATIAE The e T pp e Peted ey the solar
£€NQ02 %ﬁ@)e 19ﬁerq%f%?@f R Ganbhr&fR WRsi S| IRDES epr{?)todlments the

illustrated ure 7, the conducti ve cores
lndwl@ldsl@lljacncr@eml@edl@nﬂaxme@s HO2 hrsvessemiftedyjunteea Blanad ansnyraaldemcted in
]g solar cell assenbly 800 of the present application

rs identical to solar cell assenbly 700 of the

pr es ql’iéur@@ﬂllhﬁé&és%”sol’ﬂr'b@ll Esﬁ@mﬁ LdfeRe présdnt appllcatlon in which
transparent conductive |ayer 412 is |nterrupte by

baclealestraded 40hate hallowaed oty fach é)atlonlgctaodesﬁlOéfcas bk hollowtd i any of

02 cut Iete hrough.trans aren on ctjv
(e GapO st cf M eeh iR O R Rl bR sk gfectrode
@h@%ﬁiﬁﬁsethht\Wré%@@Kﬁe Siall Q@ngl)\f &fkht Q&all @e'l‘lgisgkn%ly S Blaé]{ electrode
02. The effect of such breaks 810 is that
40 g bollayedd| whangberatiea t:ﬂreemek/tbatwmmdeteagémmddmghzn or a portion
sqci.at ed th each so

BRI RSB ERe bR e hnien hisatiue woige.
s6te chfbotBskhts, back- @Rﬁ@tf(ﬂie%%@s 4 @S€layey¥ oﬁa’l‘ec&ﬂal ?tc@l?dlfcﬁﬂg material,
be used. In sone enbodi nents, not "all el ongafed sol ar

e m@ybﬁtmumnthas@@lnmsyte@ 00 aarlbst@me‘lmrasaaustlyitedrm &igyeel3Bn In some

e@%@ﬁ%ﬁ%ﬁ%&ﬁr@? & 1§ &aﬁ; ogéﬁsfs onrbilgg 0 %[Frézﬂ descrlged above in
cOhjeattidroaith theadehabD@schptidpsfaubftate 407 i I rst and second
el ongat ed solar cell can be electrically connected in

par allpspme am@o@mentsm@t@whpaionwed sglaw I1n402irfaspermbly 900 are
ct nt act .g.,..an electricall.y conducting .

ool ffn ST SEhsst Fy P vl d 6t RESeRAR: P 6 P of

e‘P(Q&at@fi sélaf td1Bt40elingad @ects@diBrarfafbdd inGatdlRl. SERORHs of elongated

el ongated solar cell. To conplete the parallel

Selaf efal&are thea eleckivaln pEARZEE oM BRIISS | Viesanag emberiments, three, four, five,

g‘Jeneclzlgﬁ]tg %1? dte§ oél&fen oF Hor 491%n% gecF %oefar ce'l Q(Iéir Xrﬁ fgecg%cally

heé transparen

ah’ﬁﬁgéﬁﬁﬁq)ﬁﬂillel Orgaé p&iaB@g&kﬁup@@f klofQzed bdlb]xed’ellbﬂoz are then
contacting the transparent conductivel ayers of the two

elacHirgHy eHargsddp s¢rds| s either directly or through a
seconf gklag gﬁﬁ%b&lﬂ{enfs?m@&épaﬂeﬁp Easﬁﬁ O4B) for EPiﬁnﬁglag d nﬁrétgd in Figure

el ongat s ar en elfecttica arra

ldncaebel wsd td ¢ircumferentially cover elongated solar cells 402. Because it is
important to exclude air from the solar cell unit 402, additional sealant may be used to
prevent oxidation of the solar cell 402. Alternatively, as illustrated in Figure 9, an

optional filler layer 330 (for example, EVA or silicone, etc.) may be used to prevent
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sone enbodi nents, three, four, five, six, seven
eight, nine, ten, eleven or nore elongated solar cells

WQEPOSA6M31E| ectrical |y arran ' aral |l el ., ThE&6&US2007/006615
S5 L P YeDpE SGreren gt lsdoRat v Emaghmiapis, i nividually

SlcgelsbRAbdN 40 ANH88NbIRd 316 2 SPanat B ?{Ebéa%@ 1€9. Figure
the transparent casing 310, such as depicted in gure
lmillustsatassaesblar@eﬁ nseswlel @igHitbapesinarpmishtion H0OZhich

Becaus ortant to exclg@p a r fr mthe s

Goupier- Gﬁp QFGéQb gnspargnt qoggpéc[twg and jupefiqng 4% %;e pierced,
Hrtl?é’l%ﬁﬁne?)ﬂ'lﬂ%ﬂeﬁnln‘bfrdérl?g f Icﬁﬁ!réte %tloﬁslg d)a afllel In some

lustrated Iin Figure 8,

mlawlpheltE\M@ transparent Qasmgép fgfer e)ﬁampdy gedepacteld maﬁlgureu 14t may be
sol ar cel |

402. T | s di spo bet we
Rt gt dersioll sl B vt i prgeea perfver 330,
transpanent iAasiag aﬁ%%nght@d%@lgﬁceqm@qh@g%ﬂrg?ngE Bith the present

i ndi vidual 'y encapsul at ed sol ar cel
applieativhedh fraspamnipdaaingr3 18 eneagesthe dhpiated dolanceli 4925 aing only

iRtk eeSuadsp 120 60§ SRDBi Skl BRE B A eSS ends of
th@l:l'oﬁﬁ‘ﬁ@d sdlﬁk Jeﬁqtoz ap@é%l‘i{)ﬁéd%ﬁr&g@ucﬁgé 1&@&@%&&%&@&6% in

in any of nbodi ment's of the present application
ngommmenta, Hmok-lel:m/erdddo‘ﬁlﬁkseewes @b t}@d'estzlﬁfbebtmds irgtheiassembly

t it d f ot I [

Al s pERHE o ab e T 2ho ot Teihorh subiopindisah dppgated solar
RIA2RBEEs hWRE cHXitEOLSctioRB glﬁ‘%n@e&lmcﬁﬂﬁ%‘ts ) ﬁcc@Fdaﬁce with the.
portion of back-el ectrode 404. In sone enbodi nents,

[yesskt a;ppélcatrqma@ ilostrated indFiguire 1 Hidiomgven progmiding counter-electrodes 420

BRGCIPI 149. B ace frshihDahe dondulysolirel B iRy ide convenient
amcdlgoﬁﬁ@%'ted on a substrate 403 as illustrated in

Figure 3B. In sonme enbodi nents, substrate 403 is nade
of gllaggpiesl carbpdimientsvs shawerin Eiglrajbi;ahdrbech falsbgreova677-1 and a

on unctlo th th eral description s strate

SO ORIttt Eh i RERR opROsiEH il eipngpieg Solar cel
gl 118 sée enBodifRBIDENNRIR I REBIE £Otdé fiRbd Mu@gfo@o&@w iR the
series. For exanple, in sone enbodi nents, there are

paiines ilstrated irgliguee ISol picady] sslchgqulttﬁaﬁlecamées 420 are glued into

| Leal .l ed. |
b ar LBk pBphaRAFE i Bhdic B st ol Cubgutor
(aVhiRBlel fosin LJeg}seﬁ%smeKMy REW Stork)) vdeoh if elslﬁmyéula fhetallic coating
six, seven, eight, nine, ten, eleven or nore el ongated

YBEErUSng 4 @,onet@gd@m @pe@rtasm@amh}ct@rs eamipased.n Ipspmeg ¢rebodiments,
cEESt%? @f’r@res %bp %{eoﬁ'tPed 18 o%Ugsaé’/e/da %%«?anra eealg,g)% C(A)'r(l)cguc?ve ink or

en e I Ca arrang e I'n seri

RAediveRiess applteﬂamesnarpeawo@wvo@nﬁems tHeOpre X0l Ratdsh
depicted in Figure 14, can be used t

COFOBDRERY ALYy tashave & broad sange oé émhs ansl shepegmracteristics and
is r
G Y e e
genedk ahy peddigicdive 8177 tiue naslatingale longGRis of a ﬁrst solar cell 402 and
Alternativel(}/ as illustrated jn Figure 9,
that can accommodate all or part of counter-electrode 420 is w1th1n 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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optional filler layer 330 (for exanple, EVA or
silicone, etc.) nmay be used to preventseepage of

Wwoﬁﬁd wat er _intp solar cells 402. |In sonmBCT/US2007/006615

FRihEE00veR 871 ARl cauatrateisprades L0 fre potpresenl. | For ggample, in

| . [
.gure AR 2By P REREUTH AP SpP R Bichisclidh ijepd Staes
PO ApblithnNedera7883p) filedMach [ 8) 2006 0lhich is hereby incorporated

coupter %Iectrodes 420, transparent conductive |ayers

W rrsterelisn hesgit i I atizetn fogsuclppessd s Ysedt he manner
il ustrated in order to formtwo discrete junctions
in paraIIeI. In some enbodi ments, the transparent
casi rg tBlémbddimentx asmémctad irdBiguet 16d a isevohd getrod elleétrocﬂaymo are
be used to encase el ongated sqlar cells 402 with
aRENFG P t@pfmpeﬁ baekrelstone: - Bpecqndgigt of efestrodes 440 conduct

At t I [

e AR RN 20 RO R a0 To B ARERAAENIE
aecmrdm wiktethe Ipossgattapglicaioarthas el d elé&fabdek 4 ateghedatytwo opposing

ds of ectrqodes 4 xposed to establish sujtable

6! ?qCEglongetﬁ f selar et 0BT S pirais cifiones g tued onto back-

C I

e.‘*‘?t@i‘e O BB o B Po eI RS Qote can
b@&x@ed;ehmmmeaesnbddﬁnénts slecabéast440dee glned trelaparsi®diany tieend bead of

ransparent. conductive | ye 412 on the exterior
S‘Fcé%‘ oré&eﬂwéwsrsgl&ﬂéap&l 2 CageSiakgn 5o 4 glesiradesi are not

if Q}é@frf‘cﬁr &nfict (N‘?tﬂ% e @1 /g 'I‘@OQHP'%BBQI}J R1eRCEs %@6 @Pthe present
the present pp I C n as i1l ustrated in igure
abbl,lcdumwémeef a bpad trangdiof gerxgdurmd widthe and sithps cHRBctendics and are by

QRS a1 e 4 3ie TR AR BhRRIERRL Se L6 Srabg RS 85 shown in
t r
SRS LT SO

itite gamchaﬂe ofith soltaneell eFhpt fivai dectode ép@mm@e bbties sike of the
402. 1.n s

cTormenia St 28] MniBne g SsanaeREte FITE S pisideof theclongated
s‘brb? c@ﬂiﬂl@ﬁ rSudh! a%?ﬁ'faﬂggrﬁledt rfac’:l'ltgféﬁ ?ne]c%nné_c)ﬁfah of }{e)@gla? el in a serial

count er - el ect rodes are glued into grooves
mEiney B soordudiodueentnia acordematueith the pgéseat. appbeation, the two
CuPr o- Co avai | le fr es com
ST 44 P oRhe ses & gt SabY B RV |1 ¢
coat i1HGom¥ ShibBH hRinkg e@ch"lél’é’b‘u%ﬁé 4@ {sHadeUTRGAInATiPof conductive
conductor, can be used. In sone enbodi ments,
roatemdlehatéd stchotiecoddetiar dayfer 404/ t304(Figurgt ﬁa)ovlasmﬁé #mbodiments,
d then, a, head qQf conducti ve..i nk ducti ve
B o Rl o O R B ne YRS bl g Rinumm, gold,
SAREY, hﬁﬁ}lﬂd@ﬂurﬁ NSrQIfRAD$ ﬂ%er&ff?@ﬂ@@oxﬁﬁ@tntélﬁk h@‘bﬁll%e *ék}%ﬁhed in

range of depths and Shape characteristics and is by no
qeamstion with eabsequenh drasviagsea g@umﬂeelgxtmde é20 ar7d7€lectrodes 440 are

Lii%%@etéé %gaq‘tykgf"":gicgﬁg’ggﬁg‘ @01?%%?1 gh% pé?fa ga%l%% erfl?sr Jowever, such

®0hRfeléBoteste opfishal hat can accommodate all or part of
counter-electrode 420 is within the scope of the

present application. Counter-el ectrodes 420 conduct
current fromthe conb aver . 4 415)/412. At the
regions at both endséo eT”h%? §%ﬁ('3$ cell 402,

. count g erafdpagdnt o4bafy 310, as depicted in Flgures 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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420 are sheathed as shown in Figure 15 so that they

are electrically isolated from conductive |ayer 404.
count.er-el ect r gdes 420 PCT/US2007/006615

WORHSAHHS of r ugi
gtic Oélagg? Bﬁ"ﬁﬁ%‘ﬁiaﬁgdn%tsnﬁlh &%a@a SP Pﬁeéllaééb?r‘t cgn be used to
{ | v t
A R 0 N BT TR, (R0'sBda lime
ghassl acntyhcschh @x pojyhethylmethacrglacaypolycarbonate, fluoropolymer (e.g.,

Gt i S e RSBy
;‘}J?eri't %natﬁr@aq EBelW 4B desriBed 8RMmpl %895 L4 BYmake the

erence reininits entiret r suc pur pose,
twemhreritmasnhg3 Eirblmcionerensbodneteyp it eahsparei agsmg 316 is aaglass

d set qf el t 44 t ach
tabgggrgr@gsuﬁg 1@}6‘%6‘ i:\r:)c% 1ﬂ6§1€(? Tﬁ%"' zagé?g 1s§ Fn@gaed with a filler layer
BoeritiOpGE Al HRRIY [ IR2iq bF QAL c
404. Asg(liﬁ3 us?c; at eg ﬁ%3lg(?19ur b &gﬂnl %@?ﬁeﬁ@gﬁg sealing the
degcor dance with the present appl i cation has two
el ectrodes 440 attached at two opposing ends of each
el ongated solar cell 402. Typically, electrodes 440
are gl ued onto ksaffe'*f&h{sggﬁenﬂés.ﬁ aigheuchBROUC | ve
ink or conductive glue r exa te can be
used.Inlsoms @n@oémtnm@h t’rerttaslspzeemccammgi 3K mb@nametegluserg blow

MR 19 T G B g R SO L e b gf polymers

VHiBIE EArPSeS A RIRd BPEehbRte® |1ﬁﬁ;§tfd GRé &lgﬂl'éf"& au’{!'t El'{% mold walls
| ayer 410/ (415)/412. Additional )g F tro

wittea plossgint arsipololin@thieqmohaty by aortduofa«zh orasrvgpomaﬁorh eﬁg:tlatsle fluids in

ESonthiboms HEH SoRR RN AL TORInEaTe A S B ol vlging, injection

HI6w k3digpRedi SERRh HIAS nINE. URitéd Stdfe8 PARnt NORILEMIE7168 describes

el ectrodés 440 on opposite ends of the el ongated sol ar
acqebtesd (1 bdove modding Ke. £.h 602 mnfE garie e\ ) 0 Othdrefosuy drblmlnholdmg that

The first electrode 440 .is .t ottom3|d f

b B gty ekt dianggrent sganea ot e 0L BGMYY ap Biethyithl (LDPE)
w49 nﬁoﬂdﬂﬁ Hibe dé ity PoHRtHfent REDPEY BURY IR Ad }scﬁwmpylene (PP)
402. Such an arrangerrent facilitates the connection

bl¢ve nyddliag cells in a serial manner. In some

mbodj ment rd Lt
ot i, MR B chedeR bnads B Brounsindiaxmelding

raétHSd @Jmﬁllééﬂﬁ@faﬁgorﬁ@' garéogeh |Flg4:9c?-6A} SRR IR tareRtSonto the
each el ectrode 440 1 s nmade of thin strip of

Rasiseru Gz 8. v&4natFegura bA).h bt ext@smtbémh awlding CopMcnateral is melted

Rl dRan GRS N e B g 4 Pl BRI 08 R FA Y o Pavison is

théh @&ptur@@ erosm?humorwaolanh@ltal &bld\/ Air isREYBId@AUM0 tRE Parison,
an all oy ereo or a conductive ink. As will be

inflafing lhmﬂo the Sb@ma afribe hallpwibetHe.sgptaéney @hpartjréﬁﬁrrf@g magerial has

BH? t?f nl?ly{hggnolé oeq%glg% I%detgg grqg ej%e‘fq 2[‘ iogsed to

pr ef expl pto¢e@se%%h§§ of EHEN\COhtinus Br ToeHi @k kL@lsi@lefthe
are ogtl onal . 5.1.2 Transparent casing A transparent

Resispmp03 1bhe taBeSd%f;ﬁB:Méaummepr Bay bs caiagqrived ggeerdingly. Typical
c%ﬁﬁlktf‘ou@ e§9hs%n &ﬁll}gments usually comprise rotary wheel blow molding systems

and a shuttle machinery that transports the finished products from the Parison. Exemplary
intermittent extrusion machinery comprises a reciprocating screw machinery and an
accumulator head machinery. Basic polymers, such as PP, HDPE, PVC and PET are

increasingly being coextruded with high barrier resins, such as EVOH or Nylon, to
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unit 402 to provide support and protection to the
sol ar cell. The size and di nensions of the transparent

WO898490330 are determined by the sjze and di nBRIUSAVUG00661S
RYAYAG PERIRARISR Fesistanst [WAIGH OXyee, §6):4F other pubstiaessp v

uni t é@r%par % Ltn!:e%fl&ﬁ’ﬂ{o?&ﬁ% GG %l(ﬁﬁgf@%v\bﬁeﬁﬁ%eprocess with

of gl ass, ast or an her  sul't e mat'er

tﬁpmalrﬂlew aofprl.tn&s io&DR S td 1l psi.afhisdow pedsure proeks dllbe/s the
nspar ent casl O include, but are not limt

RBSIGRRS ewogwa 1%pidonet ﬁl@r@uses%a}tlonacwbﬂﬂq it i ge produced

TR ARG JARAESLPRONEL PO P fress

thembldedTpadk alsp help makesthe tbresinsngirésidrhue té stedis pad emtironmental stress
material. Bel ow are descri bed exenplary nethods used
N ox e the transparent casing 310. In somne

e”b(’dfnﬂ%%ﬁblowlr% /NP A ERon HAM @gg 10':13?\{02 ggh%aéed in Figure

tubular rod into %l ch a“solar ce
G} Insatertad [id injestidi el dedalneda wn'e Ipira(efg. | 61Qrin [Faguee 6B BAhdnthe core pin

EETEN TR e i
TIRSIrBEss AAHINE i t%rihxleg sii%gﬁrg%md b{?ﬁgﬁ%am{ ﬂ@c‘mon A typical IBM

transparent casing 3 nstrac
madhihienig badSid@w amzixdiuder Harebdndessrest assprinbly wiieh evetis thefpodymer. The

sof tened tube of polym whi ch can Qe either
QUG RRLmS S feshibid & @%ﬁwﬁmerqq@ lstlﬁlfcﬁglﬂ%'?ﬁgh a%m'etoahollow
HeARd PR el did (2. T 61 BinlHi QW gre?&m thb s, the external

product by conducil on or evaporatl of vo atl
shhpg atsl is olantped acnindiameandrél ithe eopandy ég., 6 )imdi gjre 6BYwhich forms

[din re e rusi.on [ di n e
foisrig oh ¢ BRetimor Hig g oamr?ggmﬁs ot &l e Botaefar neck
\E@ﬁgmlcu\%@%fp& M@%téiﬁé&wﬁ&?wﬁl RIRGRS Sodyor bl ow |

ding (e.g., in Figure 6A). Other forns of bl ow
m)I di g prhﬁamncmid beenssa@;d theocareka ifs rr@taepané nlampad imtg the hollow,

i.ncl d d I LDPE I
Shofi i g TeRER ol ST Srefmprd NGy 9P SRR P dhegetorm
ARAWARhY R A8V 8'@e (RRhe LM NAEE EJbsihe Beﬂ%cpme blow mold
nmol ding. As depicted in Figure 6A the extrusion blo

apehslamithereoteadd (Sonmtftcistesbaej%mnsmﬁltl(oa dhe fieRed amcle is strlpped

o(ftr%ércgregrg apﬁ?@?&%ﬁ@ %rl Vr%o PAC 1}& IHF\ nt Qar rl]?gq par &an have
xﬁﬁ@'\@afvlt@tt%l'cﬁ‘llly ﬂﬁeer@lsix%énaféﬂerﬁ%ﬁg sigd ai't‘fhtleos@e M tth‘Péqulred

tube (e.q. a ‘Parison as depicted in Figure 6
@émuts 6 henesmt theee setsptf goraroly vdlidsalloy cancimens paefotm IlrgdCtlon blow

malfi nﬁ Air is then blown into the Parison,

P ANAFISHOR Nt o t he shape of the hol | ow bottl e,

cont a§1ARéh BlbwhmglHing AnttRE stidiéh mwmlngf(sgwqﬂb&@s as depicted in
sufficiently, the nmold is opened and the part is

légler@t6é?d theamnemlo& &t ewldadriniost "podfomn t laegr, 6@8nm Figwor6C arsing the

ermt t rU|on ari.son.o602.
R B b it 2 M S Gl L bARRAE PR OB (e 2
inFduEebCy, qataﬁmmuﬁc tgr L&u@m%@w 6OE Ricld Us&(d g/, 626 in Figure
conprise rot arg/ | ow nmol di ng systens
6C), a preform (e.g., 628 in Flgure 6C), and cooling channels (e.g., 632 in Figure 6C).
These preforms are produced with the necks of the bottles, including threads (the "finish")
on one end. These preforms are packaged, and fed later, after cooling, into an EBM blow
molding machine. In the SBM process, the preforms are heated, typically using infrared
heaters, above their glass transition temperature, then blown using high pressure air into

bottles using metal blow molds. Usually the preform is stretched with a core rod as part

43



10

15

20

25

30

35

and a shuttle machinery that transports the finished
products fromthe Parison. Exenplary intermttent

QWP%‘ﬁ machi nery. conpris r ocat | ng P&dSRP07/006615
R (o AR OB e R i g s polymers,
sReh YOBEB (p gI g&@ellé‘rﬁegt@i)egtﬂd%é res\Yits 1{’1@9%153'\;&(% g oef rthe resin and thus

i ncr easl extruded with
allesis i, bastlieshto assisEdefdrmingNynidenthe pogsswres fdempd byreabonated

resi st an 0 CO or other substances.
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50 psi. This pressure process a
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¢ 25io8rED e 36 Py SivtnauspoRlcgnine ubblel Grsed St rod is fully
e&eewéa iniyh-hieWupd 4ie PGSt 40 B0 g5 S@ésﬁi)e(qo@?fﬂe%xﬁltﬁﬁd B&bRe into the

make the contalners resistant to strain
shapd ofcherblopahoklt r ess cracking. Injection bI ow nol di ng.

In injection bl ow noldin B icted in Fi ure
o8, | et e PemRTHETR off ST ERTEN S (G enspRignt CASing 310 s
n(leﬁieg)f pllke rdtﬁbr'%hegyél%@ @rodd&:ﬁ@ﬁ‘of t'H@ t1‘59§p%ré?1't Baghify 3 1@; 1ﬁts§6jn

o a blow nolding Station (e. Figure 6
dnémdm‘lctrm énﬁfemfaiom @bise dans‘phenpcasugs prodsctchrmvdae though ulu: basic

ree st : ection, blow n d ection.
Rgfieatedh b e o ER e Fseen saviee and
ﬁ&fu%t&ﬁl%eﬂmeéés ¥hthpised @i t%llb@fh gRdpEMeL trusldle h@ﬁilﬁf Wecorating, and
polynmer i's fed into a manifold V\,here it isinjec
Clahplog,gkhltmdmiatm twatsepabdiog bpignaheat ed pref or m nol d
614 in e prefo nol d, forns the

6B
exct orthapme rimpediahats tec e B al Lo feaig SImE e ision
fAlfe XmiBu of r&h? 1s' pladet b &n R Rrudd? 'hS?pefr OMYE ekiRRler is

|nternal shape of the preform The preformconsists of
temperatuye ¢antrotldd bothelresin mrfedh dobughi tolensure hiopkr malyef tfe resin. The

ol t d, which.will the bo The... .
B e TioRe DG Sied of Meme b Py ertRalia & Vighig 2 right ange
$ORTBAbni a'ﬂtﬁ&etdh@ tieQdxt@eér. Clitelfb@6inD URVEOMRLR thd §iRp6 Of e

rod 612 opens and allows conpressed air into the

tnspasenicasidg 3 hi the fomhediplastid sleave coble uhderibdowen aiaror m:a water

Al t.he bl
R HER RS an B0 Pl PRBe ool B s PR PRSAS SBRE i ready

fbt QUBRE® AgiveclefgihDysd fotRipgdniefl the core rod and

| eak-tested prior to packing. The preform and bl ow

nol d Berformaing dmamltr@bwthe phape of Wut@aspayettt I@ﬁ%@g 3Y. Insome
si,xt.een depen rticler.size

e&lhOSHPemere%"éorgP% Wfé@wmsgnt %pp%ar“é?“r%s ep“’\ﬁ%‘ ‘Bf?q%‘frf’ 2&7 the
foaniad dies Rte QIseInnAde BL@CthhORe siipe\wf frehspart@t edthg 310 complements
ejection. Stretch blow nolding I'n the stretch bl ow

thoshepa gl (heBplar pelberis 402. athj@pnmgéue #lpo mrgml%the@yalltth@kness of
tﬂa{r%ségrlen %gnlgrébngol cﬁn%ed erﬁlg(gecg enta@n S %rdnnﬁer %v&tg St’}%e prﬁ\sent

dpplcatiah, tSBMaﬁs(ﬁt@mas@mlloses aavaik thﬁ:kﬁé]ss lolf Q\lm’ﬁlolﬁ t}{xekeg 1 mm or
622 in Figure an air entrance (e.g
thickers & Sgap or ﬁ]@pl@erv(éﬁtngn & thycker.gy of ppy ﬁl@(@e@ between 0 and 0.3 mm.

During the production of one open-ended transparent casing, the balance of the
manufacturing process can be accomplished in one of three ways. A common method is
the "downs" process of compression, molding the head onto the tube. In this process, the
sleeve is placed on a conveyor that takes it to the heading operation where the shoulder of

the head is bound to the body of the tube while, at the same time, the thread is formed.
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6C), a preform(e.g., 628 in Figure 6C), and cooling
channels (e g., 632 in Figure 6C). These preforns are
,Frzﬁ nnth the necks of the bottles, incl uBChES2007/006615
y§ Ithereplaggdprshmpnggl S raRiTedeyE toy Fhershreniy Clerup station.
I Li
glv%@gn%# ds grsfh?%lls gggeﬁ %E%g%ﬁfﬁre g[c%g‘s/es érﬂit et?{}arlr:s?Med onto the

rﬂolel slfmelaheek,t t}tls’ poiaglih ynmepdngldnnﬂfeahgld off Glﬁbtﬁibﬁl,de@lﬂ&vtﬁread and the
eir glass transitign tenperature, then bl own using

Om YR 2T Jolded at e end pt Weisloers. ebhesad] és then gpoled. SameiAddzom the
rﬁ@lHa'cliritdytrEﬁnlgﬁn@a &8 rarﬁgﬁ §01‘?vte§/@11 Wéjot%gl?a gg@%hg&%ﬁéﬁsed in the

rocess

l&ﬁ)ed Sthtes aztd at wundgpxw‘nsxs'ellyavqﬂhivmder Bjection hloibdinEEﬂ' the head to the
pol yet hyl neterepthalate results in strai
Sﬁﬁ&fva&rﬂﬁﬁa agflitional comwrersianandidig mathos,whereky Hwolterdonus of resin

t;
AP AP APOUINIS 15 OIS 5 JERRG rp, Te
tFangparent @63isgro wsthwina topbragpkars sultabﬂe:iﬁn szimnglaméltémb'Bﬁenents

preformis first, stretched nechanically_w st
SHERiES 1854 45 ep%edtlflg‘{»%%rgs %}M ¥ Ewl Qpéébu?léstéﬁ whige with lapth ends

o%@n E‘E{y He tled B e’%é% keR3]ak céﬂ3 dﬁx@Hﬁ%S IdPé/ 1O WF%U&S 3 and 15.

Once the stret c
h| gh "Iﬁteelreadﬂdetra]sparerﬁt cagping @s thé)n barvey&Bo tbsac)cubiudmm tThe

de bble.into the shape of .t he bl ow nol d.
epifayip @rw%é hist badanee ithigheafiing anddecarsiing Greraton. Fim here, the
j t
t*ﬁ'hass sisthe S AP0 o310 teclB A ondattht 1k B I nrl AR
;Buﬁh(eélabd)dlanﬁhinshd fduheniss. fAtamsgplotm,sthe irknis pansfeltect:@ﬂo a@late by a
pr.od on en th h the basi c nol di chani s )
POl TheBleleaTEy Horock ingpaEy 0k fHEDBEPaRECLaGy g up the ink

aﬂﬁ@x‘éﬁﬁ@ﬁm '199nt9 HRCERINTEERE Si8Re {r%gpgr‘éhﬂ QYnBs 1§t qﬂé wet ink on

extrusi on,” headi ng, decorating, and capping, Wt
thatubers ¢used by elts- \bellen@gm pt heataln the renﬂmdnneemﬂmduccmdms:p with the

t he transparent casing. 310 .i sing extrysio

Rretcat 3y CHIaR %?‘EFP&”B? é%ﬁl%re?iéggleéBﬁﬂpmﬁ‘c‘%s Shihegeton gencess is
NABRSEary. THBWe X! A16iRilak SetiRARRLASLMRd @@E’ﬁﬂl?hgﬁgeﬁﬁle%l?ﬁmg to the
resin |s fed through to ensure proper

trapsparent Theng@t@®ri al is extruded through a set of
i zi dies that are enc ht an\g

| d
or os A RF RS eoRuT of Banite g whtia hE R s Thete the
b SATEA B8 oh RIS AR GondelE ARG cCABhiRE ST

formed geastl c sleeve cools under blown air or in
unegessary batthe sooge hbthaeapplioation. novi ng belt After

cool i st e t he  forned asti ¢ sl.eeve i s ready for.

Cort AR g o P P, RS bR BRSHARbice for the
tFAEFArE cadifg S PNflAlve tﬁgﬁst%%galﬁé glal@prlok RIRS Bétte lWfater{)rooﬁng and
casi ng 310. I n sone enbodi nents in accordance wth

tmre&)emproamgs prdedtion and belge i weiathin themiegfarmancs and peolong the

Pk BB B BT RT el fle SRR REGRE Slpmsparent
o‘éﬁh?B t1 g Ia%kkl% ggyss&%n;ﬂ% bldWend1@mBitetlnblogicd! HPadddid, Rlchnilg(&s such as
casting, extruston, drawing, pressing, heat shrinking or other fabrication processes may
also be applied to manufacture suitable glass transparent casings 310 to 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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the transparent casing 310. In sone enbodinments in
accordance with the present appl icati on t he

WP 24 18n i ng. 310, _has t hi ess ofCP/U$AP03/00661S
W&k nseiﬁ?mg@% efﬂﬁ?‘éweﬁfor 0! D3 %I«eft, Hrdkstandgiesla \dplding, firs

egli}icﬁlk qlianrs]ar G& &%bﬁl@étgﬁg %ﬁm@ﬁtdﬁéﬂagl @'060 Qadh gmvhlch is hereby

rin ducti-on one open-ended transparen
inaxpmg&d&@eehahmahaenfmhh&nﬁnmyfactur|ng process can
be acconplished in one of three ways. A comon nethod
is the "downs" process of conpression, nolding the

head onto t b e IS
pl aced on arsglo%?/ eg’c‘)?lh?ﬁw Infaagg“ﬂg ?fnstiraﬁ{]ﬁnr tecggll%ﬁg
oper aTmmpaMm rceszbgl ewaghofiglder Inkombembedithens, the umdsﬁaﬁent casing

the bo t t ube ile, at the sane tine
%lﬁrlga@Q%{ 99 16?%138 ltwgr$5@v%assgs # Hransngreab é%iawlhstrong, hard-

e
e Css @iy 102 LY BREAND il Rl ChafrHPR G iormed with very
samzbth)ﬁnct inepestiewssriace. tThe rpretsembbcatmd contempldies awldd variety of
%tatl n. At tr](tl POI nt, in one eratlg gﬁ&i@e nsgl,g dg,f .
gignsesstiop e makingranspagpt casines A 6P'i“F ot wh ghedyin this
sebSoreifd d?lfler§ BPwﬁfcﬁ%Y@knoW% thERb s ﬁllltlhgﬂrfb I‘EféQ/Eﬁtdarts Common glass
renoved fromthe , trans erred 1nto pin
aoravsyabout 7046 ambiphouh sahdom@;omele 8i€s), avtactuis ehb sametdhemlcal
Uni t ed ates and ar nd ext.ensi vel | dwi de;
oR)PouRg gwn%lv araity a?cF itheo M%raata‘ﬁla rEn, §¥r&e\feomfaﬁa glss is used in
BRI iR ftheft OHPHE DRI a'ﬁPll i itiBs thﬁltai@@Qt ﬂﬁb?)ﬁl%m’ca%u&oj 1pen
donut of resin matertal "Is dropped 1nto the nol
B agveareommsdregldssas btittle ahdt\m%ketaksntblsbarprsha;ddslgThﬂmm some

tra arent casin ith one open e re suitable for
OIS b BIOPEDFT RSt et foSingBanged ehtirely,

\Ql?rpth‘étaﬁgltl'oﬂ o’t:bﬂlléf @osmﬁ’ounﬂs or heagtreac:imegrp or 11. Plastic

tubing with both ends open may be used to encase sol ar
cel | RurbeiticatiiOs) ks adeptiog pointaff dbogi2(d9 °€, amticahthe ritdde into

R PR B AP s LR GRARRP, TUSeCRuGI g chivg g ubaiaaces can be
4d0€d RPRFiMsh sk @%ﬁaﬁllﬁiylp?&em abhOR-sofid RBUNET Grbdaf Na,CO3),
0" may go

transparent casing 3 o the decorating

awpetaah, tbeequivedentfpotassibm qorrewsnéwehldr lomiexettic aredting Eoetdo about

in the . .fountains hi I nt K is. . . .
1B LT P b iksode e o s Wtk G1ublE: whiohds undogigable, so ime
(BAlafugn $:188) (GOVBSa tirdcdnipRaEntWhiths Addel RDRStoRE ﬁ‘l@&%lhty The
picking up the ink and transferring it onto th

r@$ulf¢mg1$1@$smn@ntsfabphte7&°/p aihisp andeistcaledsa m;,iaelme gmsse Seda-lime glass

i 053 g B s Al prRient Rt That AdnsBirent casing 310.

pr es emdsiRP BbdaClithk Aost CHRRPAGI RS hiis bther 1§9M:Ufeﬁ€§ ddBed Rchange its
tube products so the col or process i s unnecessary.

MHopestres: Lead glaﬁ Isueh aseleabetystalyorfinigess, tscmcapphryhant because the
transpanent, cas

BB RS s Sl At T R R PRI h e B0 gy e

t6 3RRigRghSthaimAanWeRERichNropétles, 8s BPPYrecdAafiag baraHegko increases

to the custoner's specifications. The capping step is

therreéiees waingex. ofharin sxidpives sltaps & highpefracive aidlex and low

50134 8L 33l 9L PO TR B R A3ed, Bufbue o

er r erra ol C
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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transparent casing 310 relative to plastics because
I ass provides better waterproofing and therefore
WQ?@@S rotection_and hel p #o mai nt akn t he PCT/US2007/006615
s osrens? Bf G §rRe APPHEAIORO BIaKE A&raBERn gasing 310.
402.
nans%%?%‘h)?@é%ﬂ?l@* SRS B A TR 0 FEE O @, Pyminosiliate
Hoeashlivateo@ige Lyréx) Dadal, Siraax), dlehﬂmm gmmhs@mcm&ﬁctcﬂglass

e%lggﬁqa&ﬁf %Fegfc%ﬂgaegrcﬁjs' y 6{!9%2 Ege:nggl/gglpglde cereated glass,
aﬂa'ﬂﬂlﬁﬂ?é gfa% é‘}dl'af Earg g% R3H %B@B@&%ﬁi@%&@gﬁ ét?%g gfal?esrlals.

clrcu enti al ver andfor encapsu
402. Iivisbumie nglbbémtﬂmd:ﬂ @ (apspardnn cgsang 3 ltf)uls araderof glasoatierigl such as

oA gI Gba Trede e dor DoEos eatnese Taclfe, DAt e ot limited, to
® & e
RGINCRRIILERDARD (SORRL Slos kaﬂ%‘z’%‘a%% D& ieH° T MWinost glasses, the

déngnae eompgnddt bhioorpsibsate PlaspisSiOewith Bommmdefamomtdher elements
1993; and

Test sforDesi gn, Hanser Puyblishers, New York
693%5 %ﬂ&é‘fl&%tgﬂkﬁ%& eBpigi O I‘&’OH@‘ hap maggrialsfuch gpquartz, making
fhiSE6n (RS 658y, R‘i‘zpcleﬂleﬁ %Bét%ﬁbor%iﬂéeﬁ@ éla§ g %ISP RBhdideral) Pess than

each of which”is hereby incorporated by reference
fhendajuartz.nCompared to mestyglas, dxc@p@fuﬁdeqqatta;bormmlu@m glhss has low

transparent c arent .cas de f .
cgPlictent PF BBimOnBea et TPRS0R L Bamernl e Fukfybareglicate
glsks B8l 8fth@h@benvilddniehs, RithSutftRd Mk & B3&&kakSd to thermal shock.
transparent, relatively strong, hardwearing

Lake sodailahd gfla:ssne fioat mrnckshran lpised ta ylakmmd:attweb' lIatcest Gtical

t hat be for th ve d i rvi.ous

iy s5e8 borruRpRadetin Aspir al MEtkagniram R g (i gever 30mm
tHl%k' REbétloé tcg(ﬁtﬁﬁ;t%e@orf)ﬁﬁcéﬂ@ lagdls @%Fyqﬂolﬁﬁﬁé‘sf}?&c@mon borosilicate
casi ngs 0, sone of which are deScribed in th

giztssthasbmlramnoddvetr@caﬁonmhmahdmgl@md\ﬂm worleng. d?hlssmeams high

U SRR P o ost BEST SRS SuftinPing Bl elos is
tRdHIAIG AlabapA8 w00 d R#ant'lrﬁlogyﬁiet ZBor@ﬁH'cdté glass is also more resistant
pol ycrystal I'ine form sand. Conmon glass s used in

ts ooe-flenboaiedrelnsical$ thahdopsebskisoda fiplei giass hundhmechamidally atronger
t t
ogf AR E R sodi e B1ogs BorPCHE ks ys R8Pt S B8 gintes more

e&ﬁéfﬁn%ﬁ‘ﬁﬁdéd@lﬁmffr& lhf3e properties of common gl ass are
nodi fi ed, or even changed entirely, with the addition

of otYedn liwsrand becksilivaterglass are esdy geven as Praneples 1 lﬂastrate the
nt .of

B0 dre TR e RickietPa e Pl PR el e o paren

caxaspl @, Tﬁ@ﬁt%dedilh?ﬁitséﬁssxoﬁ\i\@p@eb a6 hsfuﬁﬁbﬂ&ms s df;ehe

added to common ass to sinplify Eroce53|ng

applieaticg o dndged.dhe tsmsa@r@nt\mm@@)w can pmads withtghass such as for

e al ent t ass

<Rl AP BB B P iyl Skt Jopighrot
geal{atuhleecicdadudier glassSedrathicesilivdie chusésilins esdd bt Guartz,
so linme (cal ciumoxide, CaQ is a third conponent t hat

chalcagrmids /15yl phids Wréatpchgl@ﬁwdmrtfblormfﬁé aesul ting gl ass
cont "#rg p lzJ as7 9 Zcidé ofﬁasq{}d Iﬁ §orﬁ@exlnggd1§1e§8d%eltr'aﬂ?parent casing
JrABpaLen pasing frad

gl as
310 is made of clear plastlc Plastlcs are a cheaper alternative to glass. However, plastic

material is in general less stable under heat, has less favorable optical properties and does
not prevent molecular water from penetrating the transparent casing 310. The last factor,

if not rectified, damages solar cells 402 and severely reduces their lifetime. Accordingly,
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Is used in sonme enbodi nrents of the present application
to make a transparent casing 310. Besi des soda-|ine,

WR388/¢6 | ags has ot.her | ngr edi dded PE/US2007/006615
B RO EMPPG M A Ve ehiiat 1Y escribgd in SeetipBad 1. is used to
IfrE\Ye?ﬁ QhateP Eee%hg@ﬁltcgih@§§l’ar bélls'ﬁ‘@@ QvheRthd {rd R 5rentb<%ﬁlﬁg§?0 is made of
the I ncreas refractive i ndex causes no i cea
plagiar kl es”, while boron may be added to change the
t her nd el ecfrical, properties, as in Pyrex. Addin
bar i [Kq“a SYPrIehE P LmEETals ke PRRIEAER FRAke A HEBSPATeh 51 RE 10
g?g&i@n%%dé ﬁl%t S §c§toa e{l‘xz%ﬁ% ﬁvﬁfyi gé;e'éd ¢ FEF]V};\)? %{Jﬁ@{bﬁ(&éll@é@(y fluorocarbon
(IRFQ.I), qumi A p;qudmeuds asossHinked pelytthylehs (PEX), palyblefint polhpepylene

(BB Gl el derabnip Bt e aohd (RS LGS pa i IS OtoRUS SRR 46T BD)
thithfoMRAc EHRI Hler @MF%@E%E SRS @gdf:hbé S gy

novi proj ectors, e ceriu oXxl de can be used
ﬁod)ymgﬁmen bflethylabs mdn'&trhﬂbmamhylen@ {IHEFLON®Inogionsdrd)ypolyurethane

oebihss Bty S VRN Pe hviaslidne SRR B B e, Viny,

aq,ge\sl%},t@appl ication to make a transparent casing 310.
Common exanpl es of glass naterial include, but is not
limted to, alumnosilicate, borosilicate (e.qg.

rex, ra d|C r0|C mani um . ’
s b ailah e imgpealisgures P irAneparont ubing;produgts
soda Tﬂe?@are%ﬂﬁﬂé @omﬁi@ﬁia‘l‘ Qw&s%r bbigink r‘%ﬁstoﬁlerﬁ%ﬁffgtguréng a

gl ass, and fluoride glass and a transparent casing
teaspdyentvasieg 810.ahgchoblogles Ser manudadtariing plhsticowgiass tubing have been

SRR b TR P e 0 e o
RS doﬁ?};aﬁlegl ASRalchoh WBbal Sptc cﬁfa%a@ftor ‘élgértrgﬁhd BiGstic or glass
Pyrex(r) (Corning), Duran(r) (Schott d ass),

tSbimg X (ar\)leb( ¢€ateatloif enginedringaresonstes @Nwss@ebalsme colmnGﬁrﬁ:atSpec Inc.

f b | |
GaTTRE ol e Rl e 85 Eerdal®8 Besiless) Dkt Lo ARisR el Make
s%@éahw p?) 0Bt VIRIsK ahd &RtinFBt 86} Hathphe) lelp?&rdCIHs?thrﬂent Laboratory,
meki ng fabrication | ess costly. Materi cost for

Ioor(@sndinresis Ohipl) psevides Nytlom Wetheneler Rlbstic Radgirethhamtubing that is as

S P Goast NORk & i SR o biner F Ry Bffutectures

NRRARNSRe 11hE BﬁﬁolngM?ISdén@f’fﬁlohB@E‘le&Q@@nd plaaugthais@ prddiicBunder

makes borosilicate ass useful in thermnal

the rademars SUBVMIMARKI Yt T prodiket ks aowalhthagkeessias thip as 0.3 mm.

bR B i BB R S g L Bag $550es viny,
pladcigoYyusdiBfte, POl @bl basatdR palyasshdne b@séd&ﬂéa@%lfasﬁé tubing of 0.8 mm
thi cknéss fromless than | mmto over 30mm t

Rl mmi t»h@kn@SSq Samilar pobsiresbanc pradustymay alsp §e éeid|iy Pneumadyne, Inc

B S A AR Pl TR APt

previass bnﬁx@omm’ryg@ﬁ%uwxﬁgpﬁfaue@@fb@ Rl mtﬂatmes Whﬁlﬂum
nol di ng and sl unping. Borosilicate glass is therm

kneimgeginging dSBQBQQ}Oﬂo@altféml@)rﬁiﬁ@L@OU es clesy PEH Tﬁ’-ﬂfm tébe of 0.8 mm
|
i!tRgEndsS %ﬁgﬁgﬁﬁcﬁls{rﬁ ’I%E'so ghﬁ?qﬁ@ﬂgfédﬁgﬂ;lb&gg)eﬂowdes 63 clear

chemcal's ouse ass’ an

roend plastiedubing piroduegathatdade b arallehickixas of deie dr tl’fﬁmgd dagparticular,
Borosilicate is usually two to three tinmes_ nor

VisiPak Extrusion (Arnold, Missouri), a division of Sinclair & Rush, Inc provides clear
round plastic tubing product as thin as 0.5 mm. Cleartec Packaging (St. Louis, Missouri,

a division of MOCAP Inc.) manufactures clear round plastic tubing as thin as 0.3 mm.
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expensive than soda |ime glass. Soda |ime and
borosilicate glass are only given as exanples to

WpﬂPWg}féﬁie the various aspects of conS| der at i 8RT{RHEH7/006615
n

usi S0 FTSIPUS COMPanish FAL AR é“t"ieéilm%aﬁé?‘@ﬁ‘tp asHgopglass
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e~ scope o I cation. Inde transpare
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Fglla,sﬁevah’@tl@r arid Eﬁrwmmagésam (Knﬂmsmxasht casi ng nmade
of plastic. In some enbodi ments, the transparent
casing 310 is made of clear plastic. Plastics are a

cheaper al t grmafhy ritﬁ'lglggoﬁﬁscell Yl Bﬁ’lleﬁftcésqn

material is In gen ess sta eun eat
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I fr trat th
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n somne ments, the water resistant
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fﬂﬁaf?sv f%ﬂﬁ ERdfisiosed 3 g{gmv%ver/&e fixRpsure to water or
o‘éggér?tm seﬁqe%%b%airﬁérﬁs,%m@ﬁayéeﬁ OtrQaWPé‘ﬁllﬁ‘inﬁfe§@§d?lat%§ﬂhe solar

Ing 310, i1 ncluding, but not limted to, ethylene
cellng02 dumce:tlatoem(aEts(Al)q trgspdrentarasiap BdBy f | uor ocar bon

PFA | on./ am de, oss-|inked l.ene
( PEX) In spige FEbagiHe SpBICVﬁP@#{?P‘é”H triﬂﬁ?areﬁb? G Porade of cither
{ r t
R BESH L Bl Sl e O i et pEUE K e
omhﬁmmndmgaendmdlmeds 61? amﬂartchlé 40D koyavhieve dighofittiof aadl bgittee ipeotection.

Bt 1 F G RIERP G BT FRRRImSBIopy ANNSHOFTG R 3 1yibgt provides
;J\E’/Q;%e)f\éh ulgﬁ&?to thy%lhld&u(é?ﬁ@@menwsaﬂ&téa in Mg{ﬂaéu 29 10, 11

on(r .1.2.3 Avail abl e commerci-al sources of
andaﬁsparent tub| ng products There are anple comerci al

t P andEi e lingach Shapte Soipctalis P dra Aahy hadhe ot wanspgrent a
o'akiﬁgw i begés@&%blteg Bieo gola@yén Reshvidsdrday dape gn@sxge In some

custom zed plastic or glass tubing are commercially
eavaidingits the mmblrymao be bfaciplaaniags 400\(&3@: dh 79f (Figure 7), 800

PR B85 B PN DB S oL PO ko e AR or o

deuo 3| oRgl p?lﬁ’r‘ﬁﬁty(‘(@ , 1612 b SPRO o I%bre TI00Y or H%W: Y0!06) or more,
results in over "950 catal og products. Over

teongearf, e mmemdimnaida] Cphlqo‘H)Z tighi ng, hose and

Inc. G Rhar o by B e R GO et ARy

dsbcstl b togethytfor eRanfle intb iphhat &ddys] ®l@%ells 402 may also be
encapsulated as arrays. For example, as depicted in Figure 7C, multiple transparent
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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thin as 0.4 mm Coast Wre & Plastic Tech., Inc.
(Carson, California) manufactures a conprehensive |line

WQfZO gs Pnylidene fluoride clear round pl asti ®CT{52¢G/006615

Rf¥der the trademark SUM MARK(tnm). Their
product has a wall thickness as thin as 0.3 mm Parker
Hanni fin / Fluid Connectors / Parflex Division
( Radenha, Intbgrajing sohdi delts huivivy a fillenkilyecino h}MSﬁiﬂ%ﬁﬂ&asmgs

ol yet her ba I th b d cl pl.asti
? ub?/ﬁﬁ sgqe gt %ﬁ%?eglltspl%ﬁ%&{rﬁmgg%gg g%rqngtgg{)hcaugg a solar cell 402

LK AR, BEAIGE RO o3 O1e8 frud B4R PerPBBHPSNN & some

erilgidirRetts or svaoclendéav il thelpsesehl eﬁiplﬂ&atfoln[ thedilleplagui 3Bscomprises
i ne of 3‘[0t Tygon(r) tubjng,

ct s of, 0.8

nRiOF kS 81 thGiPFRASAH 48041 ﬁ‘é@ﬁ”icg'g‘ Ylgion, @saﬁt%%natmg effect, water
' F

O BBy s Rt e A n ] eyl P2 O sl el 402
deeing sydewdohy af) sopareell dess.63 cl ear round pl astic tubing
produycts that have a wall 'thickness of | nmor thinn
Inp _PtSP’E’G IeH‘&’OHW@F%ﬂ&I@C@{@‘i‘%&"Bﬂi '?‘N’FF@?’H apR)I‘%aé‘BH’r*}n) ?O%ated
¥ 'cgl'l QPZ,Q)IpIi%dT 18} layét ﬂgﬁlﬁ'nd & Béns aﬁflpé’dsﬁil%% lgla?@éssembled using
roun paS|ctU|ng uct as thin as 0.
aQuehon Emdiﬁgateimmgluaﬁtted indtigwre 2MAss¢btranspaa:ndcamrg| df, mbde of

MOCAP | n nufactgres clear ro tICtQE&)%%\’I
tFapsparey S§ ticH 0L AR SUiADLe Mptes d%s Rhesn % aterials
R AEhYs ?orﬁlf? r 154380, %F‘@){]a'ngp uH:'oﬁé elt H?ﬂoﬂ&d%&)hhe sealed

cust om zed spec ''Cat i on suc hi nner
tvankspasent Sasing k@ nAheszample oEIaaﬂtconePge:lxg/Wanker SilGel® 612 (Wacker-

é\\ng%l ic girﬁl%? q@.\%ﬂ ag?{%nan b,e\?]ag%fg %El@’{e@ gi% }s:ﬁn gouthl & glti’on curing,

| Igfr:‘rg%ﬂl&n@?h%e@ Bk bﬂl@%l%ef:ﬂ?&c#ﬁ fe%‘gﬁé}aturlé@{vag@ﬂlsﬁ‘ﬁgne gel. Still

Tube Cor porati on New Hanpshire)
daother exammplErf silisorgrgel 1sriylgad® srsofatlaspomilieiidovo Cb)nm@n d\nother

PSI Ure nes, ~ (Austin, T 1.3 Int

Samale G i hesl s rpar s I ERT by afketiGhents B Méhicn,
GRRlah$ AL WaBker BRRTSA® GRS ﬁ%o%b}éeﬁdhlﬁorf-&ﬁfﬂw%?ﬁmﬁ silicone rubber.
casing 310 and a solar cell 402 are elimna

Raferemgtto Fegnod 22, adwen@ecaefbﬁ:@onsdcsra@h nmepdecular diabmcbhetween glass and

Th th t

A P RBSTRST o T BT BT P2riC PRTEE "R L PiRyRS gLy oxveen
RO Stri e QB gahR! §1llc%fglési§ %ca‘«ﬂ@!i anQ- 6?%'81)“1? ond nyﬁg@ﬁliﬁs substituted
enbodi nents (e.dg. gur e ? l'er layer 330 is

‘p’ﬁbﬂm B%ﬂomm(egmetlwls@h)drpmb' elen)ia regi0 @1 BldS@qvladm@etype Si)

PR A 2867y B arToA RSO G ER (THHpe Chipe il

rqﬁz!ulys 114% cﬂdyg@cétbms GRIYepRESd W@rghmaggmg @%r}ﬁﬂ'@dllﬁlg linear
n sonme enbodi nents, a custom desi

nqhah@r(&@m St)dis obigired 0 Theragestoictuse shawyn ame %) has three oxygen

asti ther suitable tran ent. mmter ial,
B safite B buRatbhos Ko BT o ERERRL Ul Rty Bickoone
dalreflex@ility 4 FréQinaGRiIReMBupd Qbhddddt tHelgodulgs d¥ekd Materials and
rotection. Figure 14 depicts exerrpl ary enbodi nents of

theif ceafBpigntsof thesmplrypansion (HE)nw\shares. Jnsprae embodiments of the
I e
FRSAPRHIRA Gk QDR 28l ripl i TRRFIIRQ T BRI o
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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and 13. Rod or cylindrical shaped solar cells 402,

i ndi vidually encased by transparent a casing 310 can
WOSIBLBHDI ed i gt o soj ar cell assenblies of anfCIAHEWT/006615
and sfFamecmbogHReEHINGIForaRRcS, Withhibe geesertsipplicatign an elongated

; i . i _
Bk 8y IR O 658 Bl (Rl DS Co e
pressoee Ibadmg nethodhBustrarddein Fodurs 20Bur ThetrhusspdRat ¢asirghil®, made of

luralit e.g., 10 or mpre, 100.o0r., npre, . 1000 .or
t??&ﬂ@%re%cﬁfﬁéml%ncw eheriills MAACTERAGS e HECARaing 308

. 0 . n . ] .

g Sht et 9 e AT ) LRI Ypion e
lagw &bl Etbrigetgdisblar cdlb402eix gl leaded tinto phanarspaentegasing 310.

olar cells 4Q2 .may,al so he enca | ated as arrays..
@S%Suaém 1§ap l§f1@é§ilertla6¢evﬂ Sprf@%rf?zo%ﬁ@ D Ahe ffjeematerial upwards
tblcBABRAIERII 1685400 BetTRYn gaaﬂ@n%oa%a al%dtraggp{ruﬁ&qsmg 310.

arrays. There is no limt to the nunber ransparen
casi NgyeBdibern embduemersts @ndaicyrdascedeph dtegqaiesent dripivateny & elongated

. g. re 00, or nore, 1000 .hore, 10, 000
i _ﬁs‘.’l 402 len BT 33009 rrrsBireispREAR) f%%f@’b@?‘glﬁimg the pour-
. o , . e
ESSAIERH LSy b Bl e, SRR Syl o o
teynaprpere B2, plasties guotberdsijtablahmatedal, ioseatedpmohe emd 2002 e

trar t casi.n 10 in.thearray of casings. 5.1.3.
SRRBL 20 [ 5o B TiRL ainras R g 5o e Feapld t B the hler layer
M@ﬁﬁﬁ%emé séafsl tf&'ﬁpdlréht%gﬁﬁ%@f@@«ﬁnmaﬁcep{ho@q&gﬁg@?ﬁ%usly slid

wWth the present applicatio a solar ce 402

iptofth¢ fremsphpteastngad1fd Thia dilleomaiesiabthaeisibeing ponted imto the

t ranspar ent [ 310. In sone enbodi s in )
SRS e [ Bl D Hiecesh SNEn Ou £oh 04 i pragsperent casing
Jiay %dvﬁ@@gé‘d&@ﬁ{ tiREleP Rfatcal tHAF & HeingldoGrddl RRGY tBl? sﬁe OF the

el ectrical insulation, oxidation eli'mnating effect,
treasparengcashg At pawdies tubpicytsirctal fagilitatesthe siide-whding process.

transparent conductive |ayer 412 of solar cell 402

during assenbly of solar cell units. In sone

emBqds ME k& rhfin@ SARF EARGHNY It AntdRioRAEARA layer int

applicati oer:g,r a%éel ongat ed sol arn dg)gllol 402, g{)‘t:ri l3noa?.ans[)arent

filler layer 330, and a traxsymgsent casing 310 are

assenbl ed usin uction . |l oadi E‘gthmet hod il ustrated.

" n EilBSpie SEkodiRIenTi aeidsice iUt the Deehent apaligatigp. a casing 310 is

ds§eRBIRPE R0 sBlarsdl 400 RihHES Mler gi 012330? Uintsal émbodiments, the

material, is sealed at one end Mat eri al s t hat

casing 3@ thay litetlyedritact die sokay eell 30D, Tiebt paskingpifeasing 310 against

Bl b5 76 8% e oy BIRE 5 kel el e ERGRE UE R be
apbtceRbdd thatGAe meMaK Bdr-assehling aGaRFcelMaft S60 d&s8i BRI this section
Wacker Sil CGel (ri 612 is a pourable, addition-curing,

cRT e psesy witle theesotag loldsr 402Hhat apeiencasidzwish afilleoleper 330.

el el odng I P E0Ry BBk, % Lk gL BBine 3101 e
shialsddes tHeloWr €6l BONTThe HYAPEHIRK BXASPMAY BF p&d%t't%géﬁlms@th plastic

gel is Wacker El ast osill(:r) 601 (Wacker-Chenie
and glask transparent casings 310.

polyolefin, fluoropolymer (PVC, FEP, PTFE, Kynar® PVDF), chlorinated polyolefin
(Neoprene) and highly flexible elastomer (Viton®) heat-shrinkable tubing may be used to

or example, heat-shrinkable plastic tubi,ng made of

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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Germany). Wacker Elastosil(r) 601 is a pourable,
addi tion-curing, RTV-2 silicone rubber. Referring to

Wﬁﬁ%@ﬂ%ogé silicones can be consi dered a nol e®Gr4{S2007/006615

vgripaiedhedilegr aspyiane) H1iganpbE (pol M@ayllctf@ﬁﬂv@ﬂée tragename
I%)E(})oa\‘@%' ﬂaﬁ&eg%ﬁ{n? h %-shhﬁkefbtﬂ lgstPcrtSblrrlg BT\%‘{IQ&Q S1n 90'?1!1&/ embodiments,

ure organi c i'ca gl ass

th@ Hd:dt @l@hlﬂ( t@otngﬁeaﬁll)ablehﬁ aR Bﬁpa@&a‘tﬂé ﬁanlgS 0$ thstb i3t 1Ut1@d;ome
p (e.g. nmethyl, ethy Fhen etc.
%@idﬁn%ﬂ{ élnq %f@aéh BikAko efrtlwﬁ@nsm)at% wemagller thay %flrr‘ém example,

fﬂbﬁ%ﬁteﬁ' %f?e%ﬁ P {)&ﬁﬁ&% (?YZ? o £ 1fhe Xf ?rl c?mg&ar%eﬁtg,pq }%aéy Yhk

errals oxXygen atons are r
thying s @iddbilecfog tfcamauaaoz@ewfiﬂeetmbbmﬁtlcaﬁag 3 p@)hlyaﬂthave heat shrink
(D-type Si) .is obtained. The last structure s

rate 8‘5%@ Q‘la)l 3has three oxygen at orrB repl aced by R
gr OUbm ecﬁ&ﬁb’tloidz fo! c%g?tﬂ/ ‘{J%n as%é Ui sorr% %ﬁﬁnérﬁg the
ackbone ChaAPK exi ncreas group

teanspAaeidedsing B0 nag bk ldﬁrcmﬁfetehQaﬂ?Hbe@H&n&mﬂe Edslet dSell 402 by
coefficients of thernmal expansion { al. so chang

injgelishimoklingo dh mae detaed %cr&ttosleq&thealﬁs o it alesady e luded above.
ﬁ'tlllésg 991%08’i§i%%st fhe sgfapkéllsl 409%@&55@5 As Fhe?ré%ﬁﬁed mold and
I cone, a sIfsequioxane

tMnt;pe@aqtsaastmg@m (eTg],emedld)difgﬂﬁﬁd nsand:r&rl) i elﬁrbctnpfbrmsd biﬂem outer

| oaded_into a transparent casing 310. Optional suction

spefpeseotpripr sellsAdgr Rleptigmateril és@w% qemplstsly sal medecular water from
nt I

PR SR L ORI B TR Ao

tbebforeﬂfﬁapcﬂtadt toheakerthe sl ar ezhit40Q asdisignt3d O.latem Hotie embodiments

enbodj nents in accordance with the presen

vilisEe Plagiiq EansPaRNiaings s Hyars osed tOc,cewr sebyp celﬂs 402 fhig 1 ’éyer
ARy LTRSS AR BB AR 10wt neo

horg Uayer2dBranfpeeritivetapasietant aoaang1@4(3®gurﬂﬁdi)e lafsome embodiments,
transpa entgﬂgfss pl astics or, ot

t
bodlt e salar og! Bhe TANPAIRNEEATIE 323 %'@.Lﬁ%awwil fige or more layers
oqgttga%?;galref‘rft' At&rregl ﬁﬁtlrco?ﬁllffﬂﬁ{ eg(?eng éléeo.ﬁllngl&ﬁpﬁfquhé of the solar

use orm opti ona ayer ongate
csﬁluart 3@91 In dther ¢rsbddimants cadgtionaltantitdilecti vearvapag 850 is also
asi 0. Pressure.force is a&)lle flller

é? %ﬂt (FAPSRAEETS 6RENG loptﬁtm%"ﬁ &SP F‘!‘éFel eengy-
upvvarg% HT Ogﬁﬂg lF@Fl&lvé'd%? fnbﬁzcﬁﬁﬁc% p(%é’\@l’ﬁgocﬁﬁlleﬂlrs the solar cell
cell 4 % and the transpare t casing 310. I'n yet other
4dzhodippedins liquiddike su@nnmommt flesinfaed pukzsseuﬂntly exposed to catalyst or
licatio el ongat ed sol 402, filler |aye
3382 it i R B B ot ashig F0ofioueta oivpieaigefin pigless.
sh@l?erﬁ%ﬁlﬁﬁﬁfs &hieﬁﬁls|u@&ﬂﬂo%nﬂ%&%sﬂﬁ9ﬁt%ﬁﬁgg B0 Eérﬁ%#’ iR silicone,
OC. A'transparent casing 310, nade of transparen
m)ll)aésnetlpyladt)xa;ns (BbMR)hshcagigehobexyatwyticalor anyscawzEihamn or
at. one end_.2002. A container 2010, containing filler
VRHRUONWETPE g silicone gel), is used to pour the
filler layer material into the seal ed transparent
casing 310 while solar cell 402 is simultaneously slid
i hld Qptical npdsheminal prepsrrties @1be neterisls ubes fordransparent casing

that is being poured into the t SP rent casing 310
fill's up the space bg?@éléehoé}bqngiﬂg fyﬁroz and t he

t r angpar@ito mAginge Hibdt o VLR RAASRAN §ﬂ1;y1,ayéx*tﬁus‘ldé 4 Sdlar cell 402
material that is being goured down the side of the

(for example, optional filler layer 330 or a transparent casing 310) should not adversely
affect the properties of incident radiation on the solar cell. There are multiple factors to

consider in optimizing the efficiency of solar cells 402. A few significant factors will be
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transparent casing 310 provides lubrication to
faC|I|tate the slide-1oading process. 5.1.3.2

qu I?n r.cells wi hou(tl an optional fPLTA[S2007/006615
isgypesed; “hfi?} Wi‘"ﬁ’é?l“é?lt”lé%\ YHo8one enbodi ments in
accor h I

s asﬁgﬁ%’%é%”c%n%%&?e‘ﬁ%%if?m&%@?% iR ifto S8Rk Pl abkbiprion
lhyey €¢.g.33 Gemiconductdr jemdiodidiB))tbsorptien efabe mgiddaOradiayion by any

d| rectl e s r cel 1 402. Tight_packing of

EDéFéPHEI fomf?g ﬂébgéleﬂ"ﬁ c@Yqidefigy migjmiged. Bk ér@wawcy
YRR AT Tl op Ao ioh SRRSO Bropbickbt tne Mideryine

semhdondmtbr janctiaesldraflielr cellst40Rs s gerterainthe atané;ﬁrems ezd;mg 310 and

thI ol ar C%H 402 that are encased W t
qpitlppfgr ]eéf,aé(pr eagmapm@rq_négapeﬁél lq}ﬁ)tg%ﬁlgvelengths absorbed

BT D ke A G0 LG palTR), Wt U sehidiBhotpr junction 410 i

baetdhadCHEY, rmﬁemm:edsekiao hekentdandplarept easfingc3 1Qremd @lptismsal filer layer 330
parent casi 0._For ex | e, t- shrl nkabl e
%P@Q e Arapspsr ey ¢ g‘a i thep 0y x 1290 nm wav BRAWy FARES ( PVC,
FEP, P
(Reo @Zrﬁg oléf lgtfv) r‘\nyﬂ@ét):(rlmg tﬂg&i{g tbgg{%ﬂrrlégg }aXIQJ @Jt%lﬁg ;olar cell 402
shewltl behvhemicaby etabletamd,gnrmptlcbmr Lssabdie tpmonf axiposure mw@]sfaadaanon
asin terials, fluoropolyners
B B v B aigrie SpO DA St Bicpimeless aneporeaonen OVl gosure.
@Qﬁ%ﬁp%l‘a?»rbafrﬁe{llP&B&%WAQW&%QQMOOS&Q@OIO' ﬁ'rg anﬁ‘tlt to}ally blocks

| east” Three such material's are commercially avail
UPTEmngd pov @(wavd\éﬂgﬂ(srlowemhm B@) nmEPTId UNdJlDdengdffect of glass is

Sallifinie e Frg sHmiseap R AT [ soresaEmmens, additves

ﬁltlﬁsttrdrﬁ‘gér%' C‘ggBFSS?) BYRhdedt fass ch ROAE: BERAG r%?g)t éntirdl YV

eat ng I's available In an expa | e range
pbte@ivel Ihoudh endbodimestartecarsh duh trepaenttcasing 8 4@ psivideskomplete

rati o t tubln ter smal l.er tha

Pé?(‘ﬁﬁtﬁ?"egmffll MaNeieRel @Jﬁéﬁb&l%,sgﬂtléwglemﬁég)theawndfﬂémg
opiionellrﬁlféff Er ﬁmg'r&ﬁ@éds Fét RERpleSEVIANVRIRIPIG urethane), silicones,
Sui tabl e r the manufacture of the transparent casifg

;iblﬂax‘m)ylaﬂaa\aed lheglicstmi bekadapied to fprmat feltertidyan 330 when the

.t { I
e e Eoun R B iRt RRG Rl e RS R h et 6 e "
eptbodHdRS, Q}ﬂ{ek@ﬂhle Yrafld eski 0 i htude of ﬁfasﬁ‘cexlnhteﬁglz UbWstabxllty

|nJect|on nol di ng. nore detail ed description of
requiteorent magbe @dobted.ncl uded above. In these
enbo

t
oo RS e RCeE e da U melign Sx g Usflas fiE yansparen
c@ging bagtd %n{@érﬁﬁdcﬁ‘xln):nth %e@ﬁhﬁ@%ﬂoﬁvnﬁ@émg nfdferfaN 8ndPbit tional filler
surface of solar cell | astic naterial does not

laysmg B @ blsicks @émtlonmrllmkt intathevsatas pelﬂ&%ﬂi\ andlreducesthey effidency. In

f f
og o3 of P YRERERST et hRaermirigiedy
daflabesdPariceBd $023morteQaM@leeﬂuorbﬁol&ﬁ%rsﬂ[ﬁ@mmﬁ Rh& THNE{®yneon) are

pl astic transparent casi nlgs 310 are used to cover
\5|s{§1b]ed>@|d|}ggkﬂy) pranspgreat,jwhile 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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acconpl i shed by covering either the solar cell 402 or
transparent casing 310 with one or nore |ayers of
WPy g}lgﬁb@ r-resi s%ant coat | ng 340 (Fi guPETAPR007/00661S
PAMP aafiwg?ﬁag iing g RV Crrrodust 3l pequr oxgsAelahye shogt term
L{SB%QSPJ% %es%?esl')e@@r SR dag d%? e E%c?@ﬁen%ﬁal%&ﬁ%og the
rs of a transparent water-resistant coat 0
pektreerdatkimnt L kr¢thamehateiiflds stabie vafentthepsipmar be&kbd)nelj@ iférmed by

300. I.n ot her enbodl ment an optional antireflective
lesdeactiye shumical spups (8i8s BHRRAMICHS Rramattey. aﬁgﬁ%ﬁ &her hagdiwhgn the

g))ﬁnér%a ngllsz @4 B nfofd %ea@t]fx\te' ébﬁ%&% ﬁﬁgdggwe%orﬂsa}t )ﬁﬁl%wmg of

yneri atlon I ment's
th@hraterlabbdcum ai rssuh <pf|dé\zl datalyzed bepakdown kfths deplda donds.

STy, By niia s wans onath PYRnennioEd fjomtoto UV light. Other
&@glbﬁél% penyegﬁbgﬁaé k‘fzdotue% bmz%si%ganst'w‘v% tsm%xg%%wosure)

terials use rmthe transparent casing
cmam;yﬂmsenlsaréntbdd‘d stagbdd)y - di met hyl si | oxane (PDI\/S)

rylic ny CO, atian

\S,Ialr: ;?q?lgﬁf H’erpg%?z)ég/ 5Rifcegnt§3tpst%qre 2h AR rét cam L hlts the surface
d?rtl@ﬁéﬁsgﬁrg I?{gllgl'hg%lgap%rt bflq%llfgcﬁ %t bea{m :Lrll %t@c?%s L, while the

casl ng t 1 onal
remAindeze incipertt be:ﬁms[ql(ag nackfattied rbearaﬂi,y in Eggare Dy tsivele tlaough

ol ar cell 402 (for exa .opt i gnal IIer er 330
1§ ransPRIgALFRaINE ! cé%?%ngff% KBS B a0 agawetg gpresent

a?g{x@acﬁtont {he réﬁ &%rﬂehﬁlsLﬂfl gflfii@? ?é@h%dn@ﬁ‘ct% 15 ‘?412 of solar

ar cel ere are rru ors to consi
copH0R(ag.n g/htlln eptidrfal ﬁllexriayerdB 0 ssozhtsen& eAltsméﬁ\kly sz}feavﬁller layer

EEIHE e TR e R —

A0 YRS proBesS& ARbA& oA BN FfAeFon ﬁﬁb‘ﬁea{e@ta@ iSRAARh&EL | hit the surface
absor ptl on | ayer {e.g., a sem conductor junction 410)

o bisotrptspamntafasing 8 1 0 withi somhe ol rfleaied lmyo fiHgr ey 880 and some of

out e 402 shoul d be avoi ded or
LR r?ﬁt%de@yﬁﬁﬂqéy‘?rséhsparency requirement varies as a

functih QRae?%o HARINARS RIpRt SRR TRRAIIN, RF1eBfiod &8he outer surface of the
under | yi ng sem conductor junction 410 of solar cells

@ 8par¢mt cgsmgB B0 is mingmizedmspareembaclamenty  BfiGrefladive coating, either

opti onal | ayer .330. sha be as transpare
BRSErie 15T PR oL BTG “aiIuBs Bt By coang 3407 hay be
DB E NN GuBided HMEE IrparkBe cagﬁg 3@53Tﬂ3§(ﬁme é’m%ﬂlﬁl@ﬁ’ts this
sem conductor junction 410 is based on GS, materials

angeedlemvmtang rsansctﬁmfé\dng: dsispme smomnapthmmireﬂqchw coating
. transpare

ht t
s 5749580 e el of G PR RS U et s irefiEBive
OBYngB neddedf oHS BHmbR: 16 RS bF Mﬁ&orﬁmbﬁ’d’}@&e @{'@?' K& ex@hple, shiny

cell 402 should be chemcally stable and,
splinonicen pefras agnizior endmﬁnctéxrpnsmae thigty lqueamfathdp bght thasishines on

P Sl Bt S B St TR B P BB egond
152 0k Siyah lb%yﬂieﬁeﬂédﬁ%nWQ:séiﬂﬁn%lQ pefen@rOkhert org@iial |y
bl ocks UVC and UVB (wavel engt hs [ ower than 300 n

anteefigeti v makriply, iafrreculasfong vayeh prgvents back reflection fr rom the surface

of or lower layers in the semiconductor device and eliminates the standing waves and
reflective notching due to various optical properties of lower layers on the wafer and the
photosensitive film, are disclosed in United States Patent Number 6,803,172, which is
hereby incorporated by reference herein in its entirety. Additional antireflective coating

materials and methods are disclosed in United States Patent Nos. 6,689,535; 6,673,713;
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usually due to additives, e.g. sodium carbonate, in
gl ass. In some enbodlnents additives in the

W t 310 made of gl FEL/USRWT/006615
é)ég%% 84 4@&3 7@»23&,,”%% (pt(t)" w})gchalgil gegg hr(c%pporated by reference

&P@Q%ﬁ@gﬁﬁe because the transparent casing 310
provi des corrz lete protection from W wavel engths, the

W stmhnrhattw:l}r, elmnutermarfaee affth¢ trenspatatr ¢a3smgg’5 IOpﬁa}dnﬂbxtured to
ler_ | aye reduced. For exa EVA PVB,
r%e(raﬂ%ﬁ%arﬁesatw% Rerbitalotching Goains RARES of gongs and pyramids,

\gﬁng% Lz% ﬁ‘req ga?giﬁ?ﬁgg So?k%r\fvggg}: ﬂeﬁéétéﬁwér}w 311, Reflected
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MAEER) 46 e B ERRE FtreBRdive ey DF 6 Chiftgt By & combination
o?'e&?ﬁdgtcadggcggﬁﬁ@e%%e 2 Bals o8¢ 8536931k Uﬁ?te& @ﬁ%é rfa%iﬁ ﬁhwérs

are no ansparent casl ng
60RSORE 876004, TBRrad 23161 160 eachgfofhitthis hnmbg nm@kpc&ﬂdd by reference

[ onal fl |l er layer 330 bl ocks radiation input into
e
heprin ISRy s 402 and reduces their efficiency. In

addi tp O hcriGs PrdpetfesOfad Jk%létécﬁlmgge gg 1 %?@ams?léé@ 6’3% L, is

to UV exposure permanently danmag
reractedk asmefrected beron bpoHpwensch drldeo Bhidh dissetiom Hdldent beam L, is

( eon) ar.e, st abl nd hi ghly transparen
D??Prp@ lzsrpéﬂb‘ﬁggﬁﬁ‘?meﬁﬁ%’a%‘??@ fyeiig lemffiﬁ Cidpipichy bgams L,
I'ﬂé‘n%mocgn@'ﬂ@q%sbé@ﬁésr ansparent casing 310 is nmade
| uor opol yner based on nononers of

t etraf | uoroet hyl ene, hexsif(Aiot gpsin@y),ene and
vinylidene fluoride. In addition, polyvinyl chloride
vehepe/qQy anskn ¥ arie tlyd refractmwndsfces ofghertyer bardenmgmsgiat et 2owhile 6, and

FabaeiBLhe sa@s R TRRPEE pid M ahe gt R RER e SBiY bo
even IWl%dréiQ'l Jthe ﬁdst Pffaction bicbssa) ckirs Men Shtfiddnt b&dmh LY travels
durabl e (forexanp yel | owi ng and cracking of PVC

fera @irdhrowgh thedtﬁ@a@ar@v @asmgeB H} as/les. shmbient air hasmsra’gégtlve index

SR80 S RE R g ESRSRE Yy LS B

KRharhakridls), Shalplie midaR Bmbié tha theRefrRE0K hABR of Slatha®eal
by | ess reactive chem cal groups (e.g., aliphatic or

(nging frem 1.409 lt?1é/ltbtth@eomraﬁ@lym@dwm@mab@ﬂvw@ﬁfrbﬁmbmhées
) %a*f%/sam%er@? Wi Rfar el s S840 Fugppatter than

e e T ég‘éia“éﬁé’%%%s%?a‘g L BB e anele Oso's

E Scrglr1 ona)h%?fn ghebglc}dvn | tzé‘d’ aggp%@t%{}pﬁ%}n ﬁﬁﬂvtv%ys bent
té@raﬁﬁ% bkar (A @Mﬁy{r@el% hYhd t?éqs?ér@ﬁkecra%% hyo, WV

stable). Reflective Prop |es errin o Figure
21, dn thenpnesmlne obe ﬁﬂethaydrl 338, bdam Is_uba‘cames thfe neveincident beam

SRR b D BT Ths P el ok SRR hnd e

feam ang s t'hﬁ‘?éfﬁ dcG{E Rkbedr BRdMek 1dyBr éﬂ%%eltﬁl()m Figure 21)

trave rou e transparent casrng
saamadienﬁ@&xsthamtmqeﬁm@e Glﬁierflthettﬁﬁlspdr@l&Qﬁhng 310 so that the

refracted beam of incident beam L3 will also be bent towards the solar cell 402. In this
ideal situation, every incident beam on the transparent casing 310 will be bent towards
solar cell 402 after two reflection processes. In practice, however, optional filler layer

330 is made of a fluid-like material (albeit sometimes very viscous fluid-like material)
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application, the refracted beamL directly hits
transparent conductive | ayer 412 of solar cell 402

"k B oo oy Bl SRRl Thogpaibnisan) s AL Bip e gehioved as
&@mlfeﬁ%@obé‘ i 3}2 %ﬁck@ SBLg?acfrn%?ggégg@{)gﬁﬁ‘ ea?ﬁl%v&f by choosing

the filler p ectl
falled nlatérradidtalt bas efractepaadexctlass to thosasf thieeranspardnt tadife310. In
surface of the traq% ar ent caS|ng 310, with sone of L3

So81e cRRodiMe T dngtemalythat rheBeNSEAgNCasBE 3l 0 cemprise transparent
r’ﬁﬁgﬁﬁg gé?ﬁilep lafd dr! a{stlk Y thel?’g.g abferinﬁéﬁjeﬁg) ‘%lh @?&thtg/rezﬁdlces around

I nput ar r diation ec I on at

]Sﬁl.l‘ Faroexaniple, Iﬁsed siies ghaselds axafractye3ddexi of 1d6ni BaragHcdte glass
sone enbodi Antireflecti coating, either a
BOBaHS Pea e B0 BeRvesTt D bos (4 € YR S\seRas e
rE§§dtﬁl‘é§ﬁHexCd¥qt47@ g Fﬁﬂioglamat%lsa%ﬁh heGo R #&Jlfgtsod{ﬂ?dsada%dltlve have

of the transparént casing 310. In sone e
refragtivanndicesfieegtenvieS emdt.bn @onﬁnompiest@‘rh@mals havesofractive indices
enbodi ts is antireflective coating is made of
@F‘V‘Feé‘olnfa?qq'la%g or titaniumnitrate. In other

gggoﬁﬁﬁdy ay ngagéér?asl’@gr;th i Ap?%réri‘éﬁa (%l ?]%f!r%gsr%g forffing filler layer
Eﬂ?’rph? COB’i}DII’lBgflﬁCd)ne? ﬂ@iydmtl@dtsﬂ@tsmaf(l’ﬂit)ﬁ/ﬁo{ Sllh(lm]he gﬁl tepoxy, and
refl ects e than. thir ercent o i

SRR GhA Beopseniigpie pligl Adsives et wefoisdiats s puidielegree of
ﬂ&%lﬁ@t {}1‘39 14cR tﬁ@QHaI éh’le(gf S CpOty ?Iaz{&ijylﬁt r%ﬁﬁ? nﬁhé EMRpar@ft casing

Ocan lower the réeflection to [ess than f
ﬁd@r optitinal fiXi¢rdayen 336 riptionaitantieflectove lager r$1§t),ethe alasex registant layer
revent.s back reflectjon fr

t |
Reontrdeiigion righibim Aparcer i PRUTSETEURBOEGRlar cell 402
GRUEES, BRFIR! pHsRAL s%ﬁp&rh @nd hAd1eh e BY Bfie 3P lar cell units 402.

refl ective notching due to various optical properties
of | dnspmegydodinumts, glsyplastic,apdxy beagpylot esiemsdyt hevwsed to form

di scl i n_Unj tes Pat N
(Bt BhrdsSt AR g hpe R b fmeh B o s An A ER B 350 andvor
AneIpBloRali whtér r8siSiBht dogfitg 34AWsH: Cirematerditiaily 8fsh&lionahe transparent
coating materials and nmethods are disclosed in United

@siag 840.Pht some Mok embodigeEns3 Bic fdles ?c@er73_33) B f@f&fﬁd&s®ofter and more

el porcaneaiiips Bedrariish BFede B Fr Shmple.di tome

MBoRATM&tE, (8 Nilerllr 390 & fosrHEd BE & sitibodd €] ki usRaY IRd¥he-based
casi ng 310 may be textured to reduce reflected

adhenieasiog seal@his nincemeentividimgenss. dbg ﬁléerdamﬁﬁ%r&fomﬂectbmﬁﬁ RTV

IBRPEC Y BIT I an RPN T, R ek g e St

reddis 9S312@ 8N pravféeidr gelymetiRdtdont ﬁl‘ ¥v&19-1P\Wheth@vhilab@fom General
anot her chance to be absor bed. terial and net hods

Bleqtrie (atfieldy Gonnegicnt)r Sflicone-bessdiadhesivenpr sqadanitsrye dasegyn tough

B leBRMR0 oD, Th R AR EO A Bt such as
ddh&ides bad se&’mﬂs Gr@&ohtroled be aibe REtoM| &ﬁnlrﬁixh@rr@thy potting life and

i ncor por at ed by reference herein in its entirety.
qQé‘ﬂSé@@le@“SPropertl es. As depicted in Figure 21, part

of i n&d\%ﬁ&tge&ﬁmsﬁi'coﬁes 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 a 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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refracted as refracted beamL . How nuch and to which
direction incident beamLi is bent fromits path is

WO/ PHED by the refractive indices of the nBGTASH7/006615

Wh@ﬁn%&ﬁhe fificeecbase! seakpptsl use Siefcpmgonephadditien o1 eadensation
Hpp LR e oA TGl Ty 08 o

mdmtioﬁ vejith DO irf b b 288 giveldf &I ien&foriofier depeadu@ndapors
the angl e of refraction, respectively. In Figure 21,
qUEBISICUFIBE. ref ract i on process occurs when inci dent beam
L| tr r 3
Iarg%ng sfeﬁgméiklflﬁ&{é a%ﬂgéq¥etr521? r'é?@?n%gt;s%%gcrzegsavﬁal{]%ry ]Spght

;(rmuwmdsptamhbm&came@‘ s type of md&*xlabforﬂns visbdetabtic Honds that are
t he srrallest anong all known materija whi ch is nuch
aggeassixely@apg ﬁe&np?élemésf fagky.japd afihm@wah% Itlgsrseeﬁﬁf giorgthan finger or

}{a'h?i% f 519581’&6 é‘m%@dlr}legts "Y‘a&ﬁg&ﬁ‘f’s QTR ré/ THE@%-based adhesives.

hav Ing racti ve T ndlces around
Inlsamhlembmahmmsahﬂt(@rcoemrghﬂ, visihle liBrcarieseetloajbear radlatidy $s used to
much smal | er thanﬁg}:&lo whet her casing is fornmed by
igitigiescusing of Seamis. ey llaws 4 prampRert 5@@4 W&h%\lﬁdxeétlr@qr@xcesswe

He%t Qén Bn e ci[{'}}? l{)‘%‘éd éd?i%%a &V"\ngle'g '6&-’: 9@6@%@%@9 §Iﬂﬁ1r£nsparent the

e I nci eami s ent towards so
aiaitﬂonébearna:an iptndtragovthtcugh mianeridh thao & dpagumsidl €night aSértugn silicone

s g%h%ganhﬂga%sifw%el&géﬁ T é’a%&%?wy need
diaﬂlofnhfdxje%] nltsgé/rsgergﬁgtacfl lhy sol?&ﬁ:ﬂ 48 Rt a??&hh% the proper

aw an I Nng anal ySI S refractive In

fahctidnend ofl Sobtar cbldsy402. 33Rrrhe-s¢t. silidode adhdsrveFaxgimbccR&)sealants are
shoul d Ee | arger than the refractjve |({1dex of
TPRALPE @ﬁkyn@alg.rwgn%%edswmat Phieat ang RIEFUEE- %{ﬁﬁl grermo-set

Ijgge]ﬁ gﬁgét rpfln : O\WW en"ﬁleétgd B ﬁl%gtm %EQSV{J& l’ll%&k(g'lr isa

eal situatio very inci ent eam
therrrtd%ettihg ages e ﬁwblwwgtha usSdheat hﬂd/dnanbssnte ih mmagndaxon with a
ses

| ar .cell \(iwgfter two refl ecél on
%@W%ag% pg 19 grgagly Ancrease reng léloarildselﬁ%gy in
. e

ol et PRTT oo b et ha't%"?%‘zﬁ?fﬁé% nizife materials
Hed hWdcahi¥ng ageat ishaecrossdindgey @mipoviad oncptd 8. dayorbe embodlments in
achi eved as descri bed, .above. .ILn. practic efficien
@s@rgﬁnqﬁavaaalatheaﬁesawsa&mfatwﬁ subhis A5 6 B cGsiSnplcanizing
éh {er material that has refractive index close to
those of the transparent casing 310. In sone

enbodﬁnrseniesmhwdtmritalfsr etxlamtplef othem ppteortat EHerday& 360 is absent,

Gk 8P estvln GTE By bt AERREGRM S e Br pall & @b e
tgeiﬁlf Feﬁ'gﬁt' c‘éﬁng ‘3@0 @frectR’ qH @ﬁich]erﬁbodﬁﬁént? )?féf'@)i's %‘akef‘l W$Ebure that the

ca glasS has a refractive index of 1.
Borglssisitiapspageryicassg i sralswl esuippod Mtdafwea@tremsamtrmid/@es

FEI FeD 1o R OPHE G 7y e ophetah ks HaREraF phipd of usaee

tv@él ous anounts of |ead additive have refractive
i ndices between 1.5 and 1.9. Conmon plastic naterials
have Fletirigat ingidationdi A sbarpetemssrof thet@ansparent &sing 310 and optional

filler layer 330 in some embodiments is electrical insulation. In some embodiments, o
conductive material is used to form either the transparent casing 310 or the optional filler
layer 330,

Dimension requirement. The combined width 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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Exenplary materials with the appropriate optical
erties for formng filler layer 330 further
g §68HSsj | | £one, ol ydi met hyl sil oxane (PDMBfT/US2007/006615
o apoding )“;’ and acrylic material. Because
si |i cone- based adhesives and seal ants have a high
degree of flexibility, they2laek—the strength of other
epoxy or acrylic resins. The Hsamsparent casing 3 10,

ption filler layer 330, optional antireflective

‘V'&%F%rreggﬂ’g OHd8WAEBy - r esi st ant | ayer 340, or any

combi NAlhOMARYFSOhr LAY 4022 RAH AN Rt mtamﬁ% 410isa

mai ntain solar ce ?lClerhy, prOV| {

thm@@h{ﬁmcmmﬁ pr ol ong the life tinme of solar cell units
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m&?qe{}g ? gn sone enbodi ments, an optional

anti ¥ ectlve 350 and/or an optlonal wat er resi stant

coat iMge s the eefedcticeiindex efithe@uteymdstdp@s efithenrankyarent casing 310
par ent c sing 310. In sonme such enbodi nents, the

r
Fifz’lré'“r‘e psipagl ke 19yer 83} mred by softer and nmore flexible
r
P e AR P PIGEY oF ! L Aty b AR ARl plelfo make
thotramspaieyt cassigl310and/ogéie aptiohaldtlealayet 31ﬁmabdnasieij Thus in

adhgm ves. or seajants. In sorreé)fin’%g nts, f||

YRIGHC iments, YNy bk AEPERPIFSHIS! ‘?§ﬁéhan 61 hl%

L%Hstpa‘?ﬁt éﬂ?éeb ¥ bﬁhﬁ&ﬁ%oﬁ WP WAHIE tHf é@@@s%fa h%'cb*n%%ﬁoﬁ’ bPH G ansparent
qgui res S$41 as prinmer for po yneri zat | on.

c(aRiﬁyﬁlﬁaﬂd?M the ophomal filleakye ¥30om General El ectric

(Fairfield, Connecticut). Silicone-based adhesives or

seal ants are based on tough silicone el astoneric

technol ogyy, 3@% lgﬂ'iﬁrthé&s for f(ﬂfmlﬁklti'ﬁﬂﬂgre“@%gs‘#ng

materials, suc esives and seaPants, are
cont Holsbme eb},botlimw@ tledtansparentessing & Kisrfgrmaik érogn underlying layer

@21t Bwed R uaMpah cBuERYs Tk 3 AT BIGRER bt resistan
187 BPEn Bodithe! EFRERR egﬁsﬁ@ﬁirgiéﬁg%tﬁét(%g%&o@%%% or tape

base hesi nd s ve a high
cdstgres glowf dlfs¢lmxgetpdlym9nza80h,| ar dhé cliase dTledb eeshnigsesaanel discussed in

it ey By NSl atdln & BT b frioreE Mes et 97T .
SSEARI dditi, C'R@dP@H BRWCVH R0 ik 'idl'lr@h@ﬂéﬁf%co%?dt@bygﬁetference

and room tenperature vul cani zi ng E
heoame aniboetitinespit Sastitgds saﬂtucul@des insasthrznes svhexeghe transparent

t Wo- onent dd|t| n _or nsat i curi n

cayRe R RO EBi: B 0 PASTHECTR Ry S A PRI uitabe
ih Mseihgbs Wﬁék@ft}hdl?aﬂébérbntfﬂaklﬁggll@lé forréefrémranaiof) @i ve of f

acid fumes or other by-product vapors during curing.

Pressure sensitive silicone adhesi ves adhere to nopst
surfaces with v pressur.e and ratai n their

t acki ness. Thi sei%gée'ggrﬂ%ts%?'fcgpdf"épﬁéu'{ﬁ Y%l astic

bondRdféiaihg a6 Bigaeds £Sinione kbaditheRe sBRRBAGNortjBkdEon 42065 a
adheres wi thout the need of nore than finger "or ha

nd
hetesejynetion bepvepnran abagrber laeeit592, dispiised Pohad selm@deﬂw and a
J&Hctl%nsfalalrtlnecrq n)?er %i edjlspocsjgae gn theAbsorber layer 502. The absorber layer 502

and the junction partner layer 504 are composed of different semiconductors with

different band gaps and electron affinities such that the junction partner layer 504 has a
larger band gap than the absorber layer 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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In sone enbodi nents, ultraviolet light, visible Iight
or electron bean irradiation is used to initiate

WORPIBOYF seal ants, whjch all ows a permanent BEREIS2007/006615
EISPRSERL OBditivg layiet év{]@w%ecﬁe@talfgm@@w/%ﬁmbwimww e absorber

1VerBas 6y Qle)é@%drtﬁ?jé{ln%ﬁén B ml‘b?élt 564§ gtd?) b& such eﬁlbodlments
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heat and pressure. Cured therno-set resi ns do not nelt

and_ fl ow when heated, but they may
v i *%ﬂl'arﬁengcoal%&rdﬁg@qus@%%mmer ipdiym, disefenide and

t he use of heat and/ahe.pfy@,squwﬁng@munctl on with a
vul cani zj ng agent, resulting in greatly increased
str enéqrﬁmugxgée irelet (p Fd&‘éFeélAaéli g smbpedimgnisdpe phsogber layer 502 is

é‘%&)ﬁgk H15v1, BIMpSiild ﬁ‘i@ﬂﬁ gcg}b%e i) - §e?&”&é(§'1iﬁ’r?§ S #Fknown as
hizing nateria ¥ can|2|ng age

CIS)s & $anmkembppdimems,abdorber lta_mr;ﬂoglﬁs a gtdmpsldﬁEVlz temary compound
SSIEET B, 16U (TP 58 AHGHeAS: RS el TsndiginTes CulnSes,
Gers 7l ZAO BUHnp,| Rofh gg@gg%gf&@ ezmcfdng szh) /CdGeP;,

Mnﬂsh cCu@Seﬁ,lﬁegGmy, A@n&p mnGeHz,(ﬁnSe@stzl Inlivg erS(i)IPzabr CuGaS; of
cell 402tof%rmthe ranspar ent sing 310 directly.
qiResihe B-URH BN YRS WagH BIChSLOMRR F&n@%&? 6X1§that t he

non- ghags, e ha R rthe%ﬁﬁ tﬂ)gn Qed 15599 1 £EHS WSE oy
ect Ve i‘es tz

wat er resi st ant an I or an pr opér
@diAs. dn@fnﬁ: |embed1trnamnehaﬁbsofbeola§a 502 ie @stgpaGl Lariethe fuchedbn partner

sa ric Ins ion. A characteristic of
I?YFé Mﬁg}ﬂ% éa'% Z(}g%s% .opHch SRBcondyqterjupgians 410 are
&"538‘1869 n;z@gl? t@F@B#BUﬁ@tﬁzoiﬁoﬁ&@%&éﬁﬂk 1'9@§ hgf’Collé%e Press,

sone e ns o cdonductive material I'’s
Eardonevhickis helndaytmeo‘rppxateelrhy refesénog irBitOemiretyhe opt i onal

filler layer 3 ion reqw ment. The conbj ned
wi dt Hnépm@a?abogfm%rﬁserﬁf%% oibebiayer 18 15 9T giym gghiim-diselenide
({'ﬁGS) Stdh&, lﬁ?éﬁé Ql@& kﬁ&w‘?gs Cﬂgné}é)@@zq PA'sBAk ¢ og?ﬂeerﬁ%gle absorber

[or optional l'er 1ayer I'h sone e
la}ser 502 is ¢oppa1t—m|d1mm-|ggllmhedlseleméé éiEIlGSj and theFugetioa f@Bperrlayer 504

s BiScamiia gforféﬁiwoaj- dh siil erpogimin e q%geﬁ%gﬁtewré&? is p-type
CIGS and the junction partner layer 504 is n-type CdS, ZnS, 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
2005, “Advanced CIGS Photovoltaic Technology,” subcontract report; Kapur ez al.,
January 2005 subcontract report, NREL/SR-520-37284, “Lab to Large Scale Transition
for Non-Vacuum Thin Film CIGS Solar Cells”; Simpson ef al., October 2005 subcontract

report, “Trajectory-Oriented and Fault-Tolerant-Based Intelligent Process Control for
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ro is the radius of the outernost |ayer of the
transparent casing 310 and/or optional filler |ayer

3008/ is.the r tive index oPCFK@ZOW/OO“lS

St ble S AVl Vioh ot bt N SESSN o1 S Rpropnathan er
dl. h@lsomE@Pﬁéto@dl{a c%@p'eé)(ﬂts @gpferé?ﬁe Qx?cf Eﬂu?ﬂ%ﬁ,ehaﬁe@uena Vista,
réfractive i ndex many, , of the
Hieuti dar, Uaiusryt&édZQ(bT mh@meH B&B&banr&m‘po&asd by rdfd@nce herein in its
and/or the optional filler layer 330 is about 1.5.

Y- in typical enbodinments, values of r0 are
per migshik %g{bB@ltme"i\’Eset StaB%?bélr I?S{er 50 s él;[; E a molybdenum

const rai nt aces a oun ary on a ness
Haok-cteheodeodidi yatviaporatibn from dleraergglasoernts mcmgaﬁc]eOMth a three

el B R 0 ol mne

md§@9ﬁ@£§’e9t Fnﬁ sblapelR&r ?gHgégs‘g‘ 9?t§vc;i& dd sPResearch and

formed on an un ying | ayer
Appdnsiparsdit 225:)!\1!1111@11 is\nerebpyreorpbi@ed by kdfenend:eal}eeem 318 Qs ertirety. In

s anodlisy g, suae rhg B aBBee ate;{erg%éieécrrpqeép@tr eXatiple, in
easdnhiidn eBhLOW HIFSERRTIBeR S YES ThARENARol#R get r t'Wl@EL. FY04

These techni’ques are di scussed I'n greater
Rvsuldsigndricodarpdishrabrts, 8 INRE IO CBF £20r 3 1020 ] JanuarCi2ap3, evhléh is hereby

.pp. 159-161,_ secopnd edition, CRC Press, New York,
g‘gﬁ%raﬁﬂ'% Kefelentie PRI INAS GPSHAt ed by ref erence herein

i n i 1§ s6RE ef®bimcaasS ldyBY5025is Bafwekf @lﬁiﬁﬁnég'otﬁ@lﬂﬁck nIn some

i nstances where the transparent casing 3 10

ehrbodinaants |tluec®nmosp®hyatm olota(los Ga) v layﬂrl5ﬁ@ ig baetween O 7 and 0.95.
ui,table i.n insta

?éﬁé%%?@ﬂﬂee s [ifgompgsifign f%ﬂP&?ﬁﬁﬁl%ﬁ%)dni%Y%PQ%is bgtween 0.2

aﬁd @W' AlsYme %mb%ﬁﬁﬁ’éiﬁ BE CI8RGbiRBS HAgh&l b Gr)fsféllg%&}dﬁl@
A, in one enbodi nent, seniconductor junction

orm@n@tlolp Trsormecsm bystimess s therCIGSsahsbiber hawyeet1 120 2rystallographic
di spased, on back-el ectr and a junction t ner
ep BRSSOl o Rimans TR B imeae: iy neRae

absor ber | ayer 502 and the junction partner |ayer 504
are conposed of different sem conductors with

8lD P2f Snfibn MARD6r FRRA0AYBasR %ﬁtarnﬁf}‘pﬁt)ﬁé ﬂll&drﬁﬁr g&l?ﬂytsﬂﬂﬁne silicon
the junction partner |ayer has a I arger

t han In ﬁ@nas@bp@menr%gﬁ&ms@zo Flgnr%iﬁséh@mdm@mos;umhen 410

?Rl%%sgsﬁ(lrﬁy&s sg%%nl %14 orlfiieo grgﬁoda rlprg%ta hl}rékn “aglcﬁ/h Qype%a{em)unctlon.

n SucC

Rol ex4rapls fiarsei eﬁibﬁdixhﬁ‘énlts\( tayeAYEY cobdptises SnQ4B }jlagbﬂS 12 comprises
al ternative enbodi nents, the absorber |ayer 50

undamfﬁeadncahhpwsnélqoemdulwﬁrééﬂ?Pﬁ@prweawérdoye@amgmhe%%hcon
In S%Q?rﬁg‘g%b@fﬁ%?s th%'lsmﬁcf S ﬁ{?éuo%oﬂ%‘i%'p"zen yBe filnction.

412 iI's

Foe kamypid,iatsoms ehbﬁﬂmﬁknltsn ldyansiByis pHaogdacakorphous silicon, layer 512 is
Sem conduct or FE| ect rodeposn tion, Marcel Dekker Inc.
undorsd amspBhrs s sonddayer 3 1R éseiamarpleis sdican e §uglysemiconductor

Jﬁlﬁ:ﬁﬁﬁ?@ﬁﬁa@ %E?drf%ea 1 €& ne?‘pi%g»t 6ir I%Bé, P%tﬁvé{?a?cd/\/faperra%, If998, Imperial

sem conductor | unc
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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5.2.1 Thin-filmsem conductor junctions based on

Wcop er | nd| um di sel eni de and ot her ‘type |- I [ ﬁ\é!g 007/006615
Rett) Cont i nui ng refer .t ure |
erﬁe&d%r{”rgc”%ehge%%@r Buptov &t Bet ygtegwpUmversny of New

Sbuth WMk, SRIROUSSHE B &R ?’?ml%ltdz@ﬁ%wn 3 3§§é qmggﬁal College

(Cul nSe?2’ al so known as sonme e
dessohbmi’onl Py &7 -0 Hvhiich ia hepeby mcﬂxrﬁolrkte.d By teferaageyherein in its entirety.

e ol VTt e Sl S e Bl 55 10
%ae&%%ﬂF;;ta/g@ﬂ{1&%@%staﬁ91@35-ﬁ-?an%l§g§,%ys/&ﬁﬁlr?és§5@ %f‘%{‘eﬁgorphous

CuGasSe2, Ag
SinBsAakellanSided, SGdSsdRicomtucOu Gasfond areidedeeibed in Bube,

Mgl qzrﬁrzgén@én%&ew!ﬁpﬂegq“ﬁﬁgss‘:ﬁﬁﬁ Pobp r g the

rEﬁY&Ee@&f’:d'tﬁer%swhéB?% Qlﬁgmc &"erl‘e&@%erem in i ds entirety.

nbodi nent, the abso yer 502|s/’>tye
t he jlosomeembpdintents; of thy@resEﬁlébpphcatly)pethé:dﬁmcﬁmﬁ;ctdfn@mtlon 410
.or ZnS. Such._sem conduct or junc ns 410 are
Se N PDangTn APHER JHCH sy Aese e B Bt Eaaple, Kim et al, 1999,
‘%ékﬁ%%hﬁ(Al@%%@)Gdﬁ@@ﬁl‘n@& Qﬁhérﬁ?&hc?&ﬁ?%&ar dePRGGNpatthi ch
i s her i ncorporated by referéence inits entlrety
applisaives, ’émﬁ:mispmﬁr@ EledimnabSystdnes Mhgazare, BO2E V@lume 4, Issue 11,

NP 355 bR e ok e O Somal asSichaset B tandem
a!iﬁ%u%i@ﬁlhpl%n écﬁ&%ll?ﬁﬁotb%ltalc Spec1allsts Conference 2005 Conference

copper-indiumgal l'tumdi sel enide (ClGS) dth
Ragenot ofche phirtyrirst IEEER3-7504. 2005 @d&(s)zhﬁs —ZhH@ Aoya et al., 2000,

/gdZn%P I n .SO (E‘g] ?I nent Ehe bsor. be
wprphpys siligqriase ﬂEJ‘J"}f ep iy t?ﬂ‘é‘P %i pag &ctpgng
per &?veCdﬁxotm'alczS(]ﬁ@lahQE C@ﬂ?e?érce SHRD. QSHE&QU@R%&& OE the

ctions 410 are described In apter 13 of Hand
T)Jﬁ/ed?jmﬁngmbllEE\E ¢532iSept 200 Hagetg)ildds -ildds; o093 98&,uq119h altitude

d d ds.),. W Sons, WSt S -
SR R SRSeab BB sesi
CHITELRAC §o8E wn&re&elﬁe%oeraﬂm@wentiaﬂh SR 2630 SepiTe 08,
CI'GS Is deposited using techni ques disclosed in Beck

Ragel(sBi64 765Fvoidl Kimc 988 éinghequﬁmench@wtue(CyIn@@Z) emdem junction

SOl SR P C i e TP s Qo e b g Shrere iRt ord Of the

aﬁf th IHE26-3¢ Betl 198BPHERY, 3{4@05615»@610%(@@;1 rgewrsmgle and
NREL/ SR- 520- 37284, "Lab to e Scale Transition for

tbluﬂm\/,amutwn ThinSeZi¢lhard esdide teshnddegy,  PhotsvelsoSpasialists,

t ober 0 bcontrac t, ..

Btk 005 P TRREEE Rrcbieal B THshurt JEEE.263p Sept. 1988
Mg&@?has;entw@rmesaqd@om 1989 foifh specicepdalesS PV Modul e
Manuf acturi ng, " NREL/ SR-520- 386 1; and Ramanat han et
(i1 Gass)Gor s(GERS tendsyo | ungliens sadpsess|a farspace @ppkieations & Energy

d Exhi B da, 4 th
Ehersiehdibiine SONRE oot g Bonesnaeraeaitpy 24
IheFRICRIE6- 11908, M98NPAdess)TND i 1784 Yol .1 rea&o@mmbmevmﬁt S

the C absorber layer 502 is grown on a nol ybdenum
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 III-V materials such as InP, AlSb, and CdTe. GaAs is a direct-
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back- el ectrode 404 by evaporation from el enental
sources in accordance with a three st age process
WOE®16pHd | n. Ramant hap et ai, 2003, "Propert i &TF{52007/00661S
begd gapmaferiat havieg 2 bany gapfduddrasrd qam dbsenbi HAsef AM1 radiation in
BN ess TRBANTES nfroRC UMMM Qb -\ RRERAE I by sorve oo
seefi@mdncter juvactiins 410 of tie meedent fipjication se descebibihi Cleiptes 4 of
buffer | ayer as descri bed,

er. 504 is ZnS O
é@% @k%(ﬁmleaw H%émpalalaqolleeﬁﬁfe& dioddompayueh is hereby
| arch at NREL: FY04 Results
Eﬁgt}@ mlrﬁgekérggﬁﬂﬁg ‘ﬁ&éﬁ/ CP-520- 37020, January 2005,
Whl ¢ HFurtheieorepiyn some@hibodaheds thy serafoendutte jteutiond 101s a hybrid

its.entirety. In sonme enbodi nents, |ayer 502 is
BltisHOm saarkellsHen oS o ShmeRhank 9l 1y Shaek kvt ynstipa as

L
S IBL LOAORE B L BBl R oo, e
Rubiiploag t Non Yioalt,ipo 764, vdadl isrhetsby incorpayted by @éfeteace herein in its

bet ween one .enbhodi nents the C

AHELY @e@aﬁég E%sz ?{ﬁ&é@ Equy qrayina &?ﬂﬁ%.cen%rft}n@rﬂfaﬁ%ﬁ thjmfilm top
c%ﬁfaﬁd% h§e2 i $dER &h%ﬁ%é}ﬁ{ed% %tﬂ]geglélr%? 19" {EEE
crystal ora I c ‘orientatlon n so ment s” t he
Mo@oﬁb&oﬁpbealzstfmdmﬁ IEEE Pebiishthg, Ne®. York, p. 280, and Kim ef al.,

BRIk o e A0S Sased STRATBANRHS RLLLGOD O\ 0s7, cac
Jﬁwf&@%rh%reﬁs’lné&ﬁoét?g]bg95@&%&%5(3&1%%% Qﬁqréy) @tﬂgpf{)’b 1%3

anor phous s . one e I ments is an
mylpgunictbe saaretls arerdesérdredeén Bupé, e hotavoBaire/erahiald) T@@Bt Bnperial

er 514 conpri se n h),, r 512 co I se .
ARG BB SR 33 11 S Iilhis HELRe S TSPy Felgtenpherein in
iflapgetr@mor phous silicon. In some enbodi nents, the
sem conductor junction 410 is ap-i-n type junction.

For exanple, in sone enbodi nents, |ayer 514 isp +

doped anor phous silicon, |ayer 512 is undoped

arfi2. Somscanidui oo junetivhs (bayet o1b ¢ddmiint tahwidehrowdsother type I1-VI

silicon. Such sem conductor %gngéions 410 are

descri bed in Chapter 3 of Bl , Photovoltaic

Vat erlhabme eﬂrﬁﬁﬂ;mdmtq; el mm@mlduagejuﬁctﬁss 410 aredmsed whoinclh-VI
|nc porated b erence herein in i

h
C'@ﬁmogrcf%aﬁ G0 SrPéePéFﬂsidau FTie BFYREHS %%wﬁtgnﬁt Accordingly, in
BRR! dnfiidldiRéhts, kbR 3@%@9 st:oarherem%h@&t&lendmaqg €92 p-n

upon thin-fil'mpolycrys ine. Referring'to Figure
IeB;rojunctmanexacipthe layersaPmnd H46 @remrtytcosibitmtion set forth in the

odi ts, layer 5 is al ?-doped pol ycrystalline
fgﬂg\”%ggb%%%llr‘o%i@r?épdepl eted polycrystalline silicon
and layer 514 is "-doped polycrystalline silicon. Such

sem conduct or | een,
Silicon Sol ar Cell sLaysdvafcedPrlLayer p4&s &Practi ce,

Centre for Photevel—l—w@e*&ees—%ﬁ—sy{vt—e%—
University of New SoffSfal es, @y, 1995: and Bube,

Phot ovol tai c Materi gl g,cdPo8, | rpal Col I ege Press,
London, pp. 57-66, which is hereby I ncor por at ed by
reference herein innZsS¥ntiretpCdlia some enbodi ments
of the present appli c on, sem ductor junctions

n-CdS p-CdTe
n-CdS p-ZnTe
p-ZnTe n-CdTe
n-ZnSe p-CdTe
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based upon/7-type mcrocrystalline Si:H and
mcrocrystalline Si:C Hin an anorphous Si:H solar

WO 8/08PHSysed. Such sepiconductor, junctions af&T/US2007/006615
descri bed in Bube, Pt ol t ai d”'l@ﬁjtréri als, 1998,
I mperial Col |l ege Press ondon, , pRAT.66-67, and the
references cited the?zzr}]é,_ whi chp i@saTﬁer eby i ncorporated
by reference herein inaZn s entip€n¥e I n sone
enbodi nents, of i ohn;
sem conductor junction 410 is a tandem juncti on.

. 3l £ ar
e b [ DR gA RS RE e B aR e PHETp ot I 1-v1
dourpouhdinare deseribedin Ghdptar 4sqgfdRidbe aPlrowdtaicoMaterials, 1998, Imperial
GollopE B ondnyish gohepshydres porated by 3ciorsbr n dpiyety.
"Optimzation of a-Si Ge based triple, tandem and
single-junction solar cells Photovoltaic Specialists
Conf er encé,2.286midcadhetoe juectidas basedosn ¢nystallime siljeon r St

| EEE 3-7 Jan. 2005 Page(s);1365 - 1370; Arya et al.,
2000, WAHB BRSO e eomoBe s fLATE BT Goet %ahgl_m semiconductor
- C " . . I . n
fiisind brefertacheapPBeioR IYTRAD ARKME, MOS SREimKRS the,
seevamduabdr juhetiohsel 0 prdbaged hpdniegstdlhin &iliSapt For2@6Mple, referring to

Page(s): 1433 - 1436; Hart, 1988, "Hi gh altitude |
Fdavrﬁ(é , I 0504 %@éﬂ%@é@@ﬁéﬁéﬂ?wevd%w@@og il Fomarises alayer of p-

o e ] ) .
LRGeS 280 Fad £ | p o BRE SEREUAR AicofESOC NRUIRGs for
Ragdfc)ringbetystalliGd sNiobn bgmikomductod Péhctiohd 40 aé tlescribertin Chapter 2
/ nSe2 tapdem junctjon sol cells," s ‘
i e efeéqailss%§5ﬁwp@e%@@?gel§f%% Lepgine Mitid's hereby
i &%e@fbg/trgﬁrélr—l\e@%ﬂeﬁ{ i i{s%ﬁgré)ﬁ' 30 Sept. 1988
Page(s): 4 - 461 vol.l ; Mtchell, 1988, "Single and
tandem junction CulnSe2 cell and nodul e technol ogy, "
Phot ovol tai ¢ Speci alists Conference, 1988., Conference
Record of the Twenti ef3 Albedo 26b8dinBays . 1988
Page( 84 - .1389 [.2;: gnd Kim 198 "Hi gh .
speci i csipraliBs efeftanp iadon iibaniektas ppse it can
Pearlighethrsugdhahe SMae QirdRRfcréiial Qitface. Kor@nglyo Vs on
Engi neeri ng Conference, 1989, |ECEC 89, Proceedi ngs of
aniepdmentis phithe psesentetppliuipnithesesolar geld apambliey (ez7golar cell

784 Vol .2, - .ea ich is hereby incorporated by. .
R4 7BPER, %bn 0% L P S At BB ERTFmA inpphich
JubREdsl G\ dABS S6la0delIgBtdnBlhavesRfiedendunt o PAlB&Io. tAIBEdo is a
I[11-V materials I n some enbodi nents, the sem conduct or

theasere S eflertigity pba paréacd onpody. glaly the matigraf elicremagrehis)radiation

) R Bl B R R Gy

ab-aper@MtadB droa0%:ab300%. I Yorat eMbbdirRetsakir@ided i tBe vicinity of the
t hickness of about two microns. Suitable tt?;pe [1-v

jolaicell avssmphigs ofdh Presen} applicaeprpredrientetdoto hairibey kays a high
aﬁegiggofgrgaz}ﬁior%rsﬁéﬁ E\hfa%@!’é }e"h%yi\%\vﬁilieecoqgﬁ 9h 'sgﬁg emBodiments, other

materials that have a high albedo can be used. For example, the albedo of some materials

01
CCSO

around such solar cells approach or exceed ninety percent. S.ee, for example, Boer, 1977,
Solar Energy 19, 525, which is hereby incorporated by reference herein in its entirety.
However, surfaces having any amount of albedo (e.g., five percent or more, ten percent or
more, tWenty percent or more) are within the scope of the present application. In one

embodiment, the solar cells assemblies of the present application are arranged in rows
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Bube, Photovoltaic Materials, 1998, Inperial College
Pr essoémljlgndon whi ch is hereby incorporated by TUS2007/006615
in its entiret ur.t her nor i.n .so :
" rtouerr it SR s et Y Gl B Rise i i i spprave the
I [
SHERL RO T Merael In RS Ay ARt or )T pefleor surface
candbe sedstoupovid® 8 8jgh2MbddoIskEkcePhot ovol t ai ¢ Speci aI | st
Conf er ence, .| EEE Publ i shi ng, ,New Yaor k . 754,
i s hPeppy PhERmMRIF-4P éﬂ“Bﬁmg%‘i“E’reéﬁ sl ?I?PIHC?%OH the bifacial

|
s?g{r] ?Flg%‘%éﬁm%h%g%&% W}llt éﬁﬂfcaﬁ v@%n Jgtga\fl'dggcond face and

are Al Sl rnﬁe f&ingSouth ot the Nocthkin hbaasphetne(@r facirfgt Moole inythe

et al, 19th | EEE Photqvoltaic SpeC| al i st Conference,
Soeﬁﬁnpbﬁmsgbﬁr% %Ew firsrnanels Is plagsd sapig dpét%ﬁcaab%\re tho gond (e.g.,
I &

1 SEEF? %%ng, %%ﬁh@oﬁim%@aﬁ W%%t sgﬁefe}gfgﬁr?%@ een F 'Elalréel%lesrsce)glﬁwhat
depemepbunetie byeraléﬂenemsmas béthemanclm By Svagmf |1lhestrytion only, panels

Q her d multijunc soI cells a scri bed
e DB SOy oy 3 ccase @?Fg@rtﬁ%\rows such that the
ERtl- I\’\?&?s 51%§§m bL{ARER the FARels ]rssl;e't\gvg’egr 10MHh GHq | 59 chle rlff B¥e specific

I ncorporated by referernce herein in its entiret
éxample tBe FagtoWdsi stparatjanntest weanshd pareds is2Scadmi u m

tII d Ihert pe H VI rials Ln_ so
brbodn e STt e alie ey O RS 15 Faps obaansls s
BeRPEENl .5 }ﬂetégm@%térg‘%mg Rﬁmﬁr ‘f’rpéﬁee ekific@khipre, the central

the n-type or thep-type form Accor Ingly, 1n so
renis od itheepansls is &58 matery froo the guouad 5The NoethsSailcspdiatibo between

T AT IR PR B ssion.
1h Bﬁe Efécif%"éﬁ&%p‘leam Fhih tRd S{)é?ﬁéfs Habl€ 6@&5]1 dfrﬁ’éfﬁfon? §PalleRY "?06 cm X

Te n-ZnS CdTe p-ZnTe /7-CdSe n-Cd
‘W@t"lfbe NO@U-@OptmﬁaapeirsmS e @alsT eIntSmerBﬁﬁmE’}rmffsa {lﬁnﬁath South

Te l\/bt s for manufacturing, the
Bl his SR OB B et 3PEC BBt heiNayih-South
€ Qf’oeﬁ’l?e%nqerﬁ%i&}ﬁ@inﬁteg‘aptef 4 of Bube,
otovoltaic Materials, 1998, Inperial

Ih some embodiments, models for computing the amount of sunlight received by
solar panels as put forth in Lorenzo et al., 1985, Solar Cells 13, pp. 277-292, which is
hereby incorporated by reference herein in its entirety, are used to compute the optimum
horizontal tilt and East-West separation of the solar panels in the rows of solar panels that

are placed in a reflective environment. In some embodiments, internal or external

reflectors are implemented in the solar cell assembly to take advantage of the albedo

effect and enhance light input into the solar cell assembly. An exemplary embodiment of
the internal reflectors (e.g., reflector 1404) is depicted in Figure 16. More description of

albedo surfaces that can be used in conjunction with the present application are disclosed

in United States Patent Application Serial Number 11/315,523, which is hereby

incorporated by reference herein in its entirety.

S.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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Col | ege Press, London, which is hereby incorporated by

reference in its entirety. 5.2.5 Sem conductor
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Vaspélgmrdblulicmt ™ Kaaﬂmﬁanhnnngtda,riBela\wm) [ ]n soiml esnbodlments the

I F0t5o8 e SEAQYEHBOURERY G IR ) BE QSRR A EP R G FEKO)

¢ath 61!"\%1%9 kPdvangblb fRaSBORIckESPINick NRc PIESAM emli]odlments the
application are prepared so that they have a

sabsww(liiyls pda of pglysmite-isudd G sTerlanefRAdcBolvay Wdlvareed
n, SO nbadj nents, other material's that have

|
Xﬂ?éﬁ é‘iPB%fa eﬁ)r@g) used. For exanple, the al bedo of

SONe [HBbAE bﬂﬂbﬁdlﬂ[&%ﬂ theSUBHraBO4 ¥ is %?Adh%f ARRESBER] ghenohc
exceed ni nety percent. See, for exanple, Boer,

Phehelic [Emanatgs at®mage by aplyiok heat and rpeebyurc m@blb'pnsm&pemtr bpnvas,
&0 b Blass 10 Brarene AT SEHB RS erm P IegiEas b Tgh heat and

P& Bre akEApplied €S the l&}rersma lcBemicHBRhoti REHEIS Rleri@4ti i r8Asfe®s the
wi thin the scope of the present application. In one

sepaserdilaert inta higinglellamingiet imaterid withl 4 est"@haneﬁbatmamm softened
atlon I e arra above,.a rav

BRPr JORHGRPEE RACERLGE dalod WERRKS: 7o SR of wesitypes and

clitH @fatdriald dHRMR\Bed fEmamifhdeleitN@mBEQRAhinkRS weth 4 fafge of

gravel. In general, any Lanbertian or diffuse

m@hﬁ@éalotheemlf anseelecaricah prapsuigss & nnes eraleodimpnts ﬁhestﬂea@te 403 is

G AR el e EREA ok B SPGB L P60 O

mﬁ@my ipBénofiR d4diBingles afe dvaitalidé 65RIMBocURREr Fi&kicSnd) ave a
first and second face and are placed in rows facin

Sout Hniseme gEbr@intentss Hersahst 3els mpde PARPINEEY DL ﬁxarnples of
ptoﬁ%tyrene include general purpose polystyrene and high impact polystyrene as detailed

in Marks’ Standard Handbook for Mechanical Engineers, 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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Sout hern hem sphere). Each of the panels is placed
sone di stance above the ground (e.g., 100 cm above the

w 9315The East - on etvve n t hECHAREY03/006615
Igg‘oif‘mg \ﬂﬁ]éet““@é‘ﬁel‘?d’é‘ﬁlcu Srl lié“ VSR %Fé‘ﬁé’r%ﬁé ﬂ)y cross
ke PR PrenBWithAYvi lbé dHstration only, panels having

overal | d| Mensi ons o out 106 cmx 44 cmare placed
i n tHa stibwshes amlbodillnwntsl; the sibsttate 4Wsis neep af poliycarbonate. Such

bet ween t he nels i.s between 50 ¢m

R T ten Sah e PR BB et e assaherieizon Wbk A 0Pner 40%)
0 t

FSFS oS S SRRSO st ADRGEIEA) s gp vrms

e&pSnsm(m ereffidad o? tie metesals Efxemlrﬂlalrj"l polgca‘.tbditdtteslaﬂe Zéﬂﬁx@ M and

2098 Wcuhich FRavaLTe Srouetci LSt b S
separgtshag bt %h&% srueyelfastpﬁ @r;ﬁld% d %oﬁ@&?l&qgﬂln Qe

t he di nensi ons t e pan tration,
emrbozdrmerﬁgehe sﬁubstrax Aﬂjs)ﬁsanaderbﬁdbwdbmlly@oﬁmnlqllmd(aWE) high

fFbrebytibeaeIPBE L or e Hebmplscuraweieht Byghylene (UHMW PE)
GRS BN cBtiestdFRIDDE alz é@&lﬂ&a%ﬁgﬁl@ 's%daﬁd ﬁsw%skl Vs

meters and 5 nmeters. In some enbodi ments,
Medhanic8blirgineapanathicdrtions 1 3851 Weiravi- Hrlithnc @an6k133, which is hereby
neters, In s odi ment s s for c uti t he

R BRteg Y SE TG P DS Uy ot Eh Sbgﬁsu%strate 403
1£ %HE‘ of &r&l%ﬁﬁl%ootﬁ&dlélleusty]t%lgé o étﬁtuOC@lelh ? (TéiRm)

i's hereby inc or at ed yre
ﬁméymthaqrmlatet(i;lcantor pkekiglasa), aylos éd, lcdltdoscmcbtatdlltnﬂayrate cellulose
num hori.zontal tilt and East- st s%gar ation

hal s B VIR nRIRYIG 2Py L VRO TBY ORI, GPSREFAL PraRattin ogthese
Iﬁﬁtéﬁﬁgalerﬁe%rltﬁeﬁllﬁﬁdr%e SENaF LR a(f’l} ?{{l M@Manical Engineers, ninth

enbodi nents, internal or extern ctors are
qdltmrleﬂr%%f/l MCGIHWHHEH $ul.,app. 6dI7R tlaesgnbi1y5 twhitkhkschereby incorporated
of the albedo effect and enhance |ight input

t
llynrte Q‘?Q%g%g@lrhln B senbl y. An exenpl ary embodi ment

of t heqdifibel @)@émﬁlﬁxfyl 1ﬁ§tleﬁ£l§ tHa® c4h be el l@f&&rsu%%@ 40Fare found
depicted in Figure’16. Mre description of alb

ig M ddecre 8lasties Eraaznlopedzu,sbddGraw -tlalkj Renghtdld Bla\anlctshl\mﬂeatlons Series,

BRI RefipPices U eSo TR Rt et koo G nop

Il'b@frﬁchGWm Bil@etyby %ﬁ@@&/ﬁé}‘%lﬁﬁ’é’r@cl’bnb@ Ihfefscience; Schmidt and
entirety. 4 Dual layer core enbodi ments Embodi nents

Marlneheprmcedemf hagipbalimer deory mndipredtice odGrai-viell,ddnadle (ed.),

o iR Bt 190 mBaRR e Sk (B8, Pllymer

S@%@Quﬁ&m@mzs , NoRey2RPY 1;QElhhANe,| he Fkstick BiHn@hetOs DaRSBook,
enbodi nents. In sone enbodlnents t he conducti ve core

Industria Pﬂ@@t 19746 Mehr (aditer ansksesica authan), Oleesly, Sheakuend Meyers, SPI

B VEree e pal i B eep s B BT e Bt PR Ven
l‘b@@ﬂén@ Relhlhbl@ld e97H)4adhofSMebh Ry TB¢rSorated b§ WeBrence herein in its

enbodi ments, the outer conductive core is
eafirginf erenti al |y di sposed on substrate 403. In such

enboqh 'E@Hérﬁl, th%%‘?ér "3tS 1S lehoa%e 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 thereof. In some embodiments, the

outer core is made out of a metal-, graphite-, carbon black-, or superconductive carbon
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Is typically nonconductive whereas the outer core is
conductive. Substrate 403 has an el ongated shape
WQ@H@?‘a;éfﬁt wi th other enbodi nents of the pres&&i/US2007/00661S
PR CPOXYs 817ES, O BBl frelisomesibodinagnts, poutey cgre is made
n V. I
?*aé%%?‘é@%% oo BSOS e o TRBLS Blsd BBy

dondudtive IW181msztﬂ}abqul41@ﬁent $ored filbdrr e sdrhe/erabodimehts e inner core is
b%icausefthe outer core can. function as the eI ectrode

e ReRstic i materigl andithe pwemense ismedanus §f olypdenum. In
[

PR, thd AnbR B RE IO & polcBRamle by teh os.o
glass aad)laed ohiter avaiis mbdeodtrafmd]s;dméekmr Pl astics, Inc.
Shiner, Texas). In some enbodi ments, the i nner core is
made of polym de (e.g., DuPont (tm) Vespel (r), or
DuPont (tm Kapton(r), W i ngtaon, Delaware). In sone
enbodi nents, the i nneéxS Esraplagy dipensigns
pol ytaier I
POLY B PY RRLIN R ETER o L LSHREERB G AR cnsions
tratfsl Mcti;un 4 bwad rangs ofrdineerisiods.nEort examples refervimp ta F eruddB, the

Rl IO L 8 TG Lt e

SO0 SRRHA Wedth Sv bét\n@erﬁp&ﬁtahatss 0803, InTBGE ef’?xfboéimekr)lts the solar

gl ass-based phenolic. Phenolic l'am nates are made
cap palssyem’oglehbate alaogthd bswlee lt) oml anddr,@000fm pape width anbaween 10

I|ne asclothl edvvl nt.het i
1,800 Frnd sding bo AR D Solar tFIThsSubIS hapea length

&apéelne«é dnPakd'500 & ehda wﬁdt‘ﬁh@ﬁét@v@én §®861.h@%300 cm. |

(polynerization) transforms the separate |ayers into a

si nglAgs illastrated mdFigene 84, alsolar ¢4l 3;00 leasta lelggtbtbthat Isareat compared to

SRR R8P0 B O RRLR, Sopl S3PH IRy BBl verveen
19! Bl BmBREShiA] $dC0,008 rhlrﬁ%ﬂd tavaﬁﬁ‘ﬂUBé’tWeHﬁ gmhh&{m@do mm. In
| am nates with a ran mechani cal, thernmal, and

semgemmtiod aherns, @rselat p@g300 hesedergte Abetsieam h0 §ym ahd5,000 mm and a
| am nat e,.havi

Vgﬁﬂﬁ% rbgttf“(/:’eé‘{ gﬁ nyh gnd gb@ﬁo' OI n 3ome ¢m qdlgeilts1 agso‘?ar cE{Y%OO has a
IR b@W¥éePIE RPh hed lﬁlmﬁﬂxh%d anvadavRbdtieée1d ﬁq‘ﬁmind 50 mm.
Boedeker Plastics, Inc. In sone enbodi nents,

substlnaeme 40Godimantse solpr ¢l wmseb@elosgmmseﬁusﬁated in Figure

RS RS RS RS B PRE e PO B i apigrved o
Haaimg Aok 1arduM$ahﬁéﬁsmlz aﬁaglmmrcﬁmeﬁmm ». eslsdrh®8mbddMénts of an
McGawHi |1, Inc. -174, which is hereby

qlmtg@teﬁépl@r el 390, gl@r lén@n@@ah érr@frrqud exeasde Hiei w@tlydlmensxon w by
| 0
Bkls AR PR ILE B R of Bl O LT eblgamens,

tﬂ@lo)’lgttlydlﬁzﬂehﬂnSndRﬁXNﬂth@écﬂér e300 6s Rb edtintesers or greater, 20
Inc). Rexolite is a thernoset, in particular a rig

id
CRAdME e et Otpl seenimpiesRrasentssy [ serse ennbmkrrwgts the width w
(9 %ﬁﬁi’?tnyé’t Fgf Wetsglap &%1)1 %Wd ?%qﬁglg‘ﬁete}srbrzﬁdrk | IOOIBHﬁ&eters or more, 50

the su
rpidlli vl etarskoe madre,. 1 08ugitlimeters or more, 500 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-gallium-diselenide (Cu(InGa)Se;,), referred to herein as CIGS, is used to make the
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pol ycar bonat es can have varyi ng anounts of gl ass
fi bersé .g., 10% 20% 30% or 409 in order to
WQRIRI31ansi | e strength ffness, conpressi QT/USZOWOO“IS

absprEAlaKer ofdungdion 13Q. Irh%wb ﬁ@‘fbﬁﬁllme@iép thediagkrelesspdg 404eqen be

T e Y LB

dorasf pcﬂglmldien@nd dmomambreambold lanBintfim dfhﬁolybﬂmhﬁmpattéh@a onto the
i s made of qy é%@ne In some enbodi nent s,
Ralyadegae nngr o pewtlpmpaémpwe wlx}c@@hwethé CIGS film,

(R Bl AT 0B R 0 e bR on e

QIGHRIdri@So 0dbmpldFseaiicondastor jdﬁ@tﬂorﬁ a1 0VeO ptsonalby andlaT idtrinsic layer
Handhook for Mechani cal Engineers, ninth edition,

(i-dryer) e @ Hign depasited p the ﬁsm@nﬂvgor inpetian 419. Hehedtlgyer 415 can be
ijoHﬁch Qs?r%%& ﬁgté? ] {n%h?frﬁgg&@ p let&l4 gzﬂnE %xﬁgt rlnE:t? f ¥xiad Br any

tmsydrémlrﬁdteﬂuﬂ -tllwﬁﬁlﬁigbllyénﬁilaﬁr@n &Next, the transparent conductive layer 412
ytetrfl uoro- ethyl ene (Teflon), polynethacrylate
ig riu‘ep%eé BreiBeethp dilayss§Whemnressng op theééﬂl%ﬂnégﬁorajee?tame‘“ 0 (when

tgy'i z{y@% fmob EI{eLéHtP e"’IFa%tsﬁ%ﬁnt cﬁh&*cgivg'ldgé} 412%&%%' rﬁ%d?eeoqa material

ene em ca ties o
smah es alahﬂsmmi elopkelszcnc tade (AnOvAL K gallifimatoged dintaridbped¢dwdope zine
Mechanj cal  Engi.neers, ninth edition, 1987,

Nids: adipinraine Qxide, or pidiungtingxidenr ough 1- 175, which is

her ey Eﬁﬁg? ggﬁ&ﬁg 1RY,, GeJual §(§lﬁerrtfé‘?é)|? aIFs ! d thec' Instlt%e of Energy

entiret I onal ekenplary mate

@&ﬁ!&rm@l @BCMMhaubsdliabbmtidély dar/eio;ﬁdduedlmmngemanufacturlng CIGS -
Pl asti cs Encycl opedi a, MG aw H|}Fl ; fl nhol d Pl astics
DR9HIVOREICH eﬁgolggmdé§ubwérqﬁw&na apgito-rqd m—s%apomtlggtpm@ss for

S TR LB B, s, N Ol o

fBai, eefefred torasehesweb:,ns enroBed andimoaetticdvitinhowessy inkRy amicthmugh one or
of hj ory and practice,

pesdle % <ap Oneﬁ>l ﬁwﬁp é%poswgzgﬁe@%ﬁbaﬁ%mmp temperatures of up

Ql [
téaé%?%??s@@%ﬁ@@ M Rt ok Elphrar XU fin Bl 8Rfce of
sehegiuneeapes. Bdtea pBooig, out nfiths depasitid?r zms(s), 187deb Mpdls and is wound
(editor and se or aut hor sk
%%F e UBSPOp MIBOBK e&mn%c%?ﬁé @5@%@ E%Ch%n fasCeacking
PIR idH] GSCIPS PN difrolyifalle askiaRd NTEPVHAA Solar

, eac her eby | ncor por at ed by
Rreﬁmnehmehéﬂmtmgﬂﬁ% LIREDGD-62§-33580, gegasr8él[7 88ﬁ hehich is hereby

ETERTON T T
1ﬁqihbtd%tt5lc§79&|sé£é}p£r?d ApRicationsel 3, ‘1’515%8 HePeb§9R&rporated by

enbodi nents, the outer core iIs nade of any conductlve
neferaice hereh dissloat @ polyumdeMo yet structyres speelfically,ckel |

| | v /gf qqggfaégez (?fLS @ﬁ?@{rb@é é[‘ e@%},“awn &éﬁlfﬁfar SITARPLES ¢ on stainless

ﬁ[l@ﬁ@ his6 beert&PRAEI. DERS Kor ex%p§uﬁ?ﬁrﬁﬁ>9ﬂ dugrt nves, “Manufacturmg
car bonbl ack- f||| ed oxi de, epoxy, glass, or plastic. In

Rropass dvdvaatiementsor Fleribta € KrS BYram StainteagBoil,” DOE Solar Energy
Technologies Program Review Meeting, PV Manufacturing Research and Development,
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.). In some
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of a conductive plastic. In sonme enbodi nents, this
conduct ive plastic is inher ent 'y conductive w thout

08/060315 r errent for a filler. In some enpodi mBRTAIS2Q074806615
menys.dh BspEhse MatRriapis 2RY OB Hig Aosarbers disclosrchheraing n a

ﬁea%co te?r{bo‘aﬁﬁ tithe Q@s@?oe?'ﬂstCﬁ’qI %quﬁgyﬁg feh{goff%ts, the

ment's, )e | nner core

erh«mgamddmm usmdarmf ambatondsctdle rﬁﬁe@alghdﬁ& wrﬂdpedi;ﬂdstmutlﬁ Kome
core.is made out of nolybdenum 5.5

cmbadiarhdherslangnted e lsamflq A oBAuGiE %ras%rsaé gucheas|agonductive
rg@tgr, oggeﬁaqrmled%ggw\glz{ég &r}ysﬂ'ogg%hm&vg E@sr e@é ,r%%ﬁ n
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denguining 4 Bondukeng file®nNeap el seamanduam:pnmass@@ isobmapleted by
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@0%@% ¢ W}A@dv @yw Qﬁ“h elﬁyef irmhswaseswh@e@eahsoqbﬁr layer is
?&R '«ﬁgpz?gkig%gﬁ e ud ¥ the F?Ipchlgr 6&%%1 121%? ﬁ%'aﬁﬁ tx%ﬂ%%\rlv&t conductive

etween 10 cm an
lb}fﬁr\ﬂéé arel@idedrtcacuindl¢t@ Gt soar ckH. dere tlenfodds weappsd atoleed and/or
ol ar cell assgrrbl i es. have a Iea gth /_between 40 cm

pf B@0ViETshanad 4 wbashargdisiangelen Cats- dibeadyeniags ofshclng
ﬂnjléé%xbﬁ?ﬁ ﬂﬂod’ g tlﬁl’t At FiaPat Anib! Hthd&ld thg’ gﬁaogﬁﬁln?%mperature of the

eng great conpared to a
absarber lapat wmd.oM layapmayemboﬂmmmrﬁ ,coradmot/afayeﬂ 12 38 Ge used as

AR 0% WA hetsolht BT LR TATHPSHEINE GGG Gombe e Granulacture
a%gta?%er%%%ellﬂ@zo&@rﬂo alih tféﬁﬁ%@ﬂts%@hl:ﬁ%t laérek?ﬁé %@UCUVC core
10 mMm

and 5,000 mm a tween 1
4I)2&©ﬁ1pmms dmnsaruerdaartnlm owsrtcendwctisokare. dék linrig0Goreasarsy

BB 01 BoMARAH B GTAE! i COTENERE GUIcH Ll Oerdgndyetive core
i§ @He wetP& BR%nREWRIR mbggrb@lsla&érl WJOW 186yl ihd':t'regﬂﬁﬁe&%onductwe

As illustrated in Figure 3A an elongated solar cel
1800 wese depesitétbpriardo ccb‘lhngdteefml pet thy innav¢arg b some embodlments

%Lt%&a' di,mensij on and a. wi dth di mensi on w.
8 Ly onggy th Shm@F GG ARG 2BBIRFAE&Ye- 300, the

I ongi Ay MPR& ofhdBraSdn? Q]f)ﬁllcﬁfi&r?&%%cfebﬁ ﬂ@tmdfbfdﬁmw&mgvx solar
by at | east a factor o | east a factor of

catl compsising depasitorg anfabsorbbnlascrrml afnsofiicereha metallhrewéb or a

itudinal, dinension, / of the.solar cell 300 is
coBRfi RNt BPASIT levens depviRap P dhotbsgibeatastr. T 2
tllaQ é%@rﬁtcbﬂ@dcﬁ'i/é lé%r B'depdstted ohtd tﬁ@%cﬁﬁb@?ér%‘é%et&lh@ web or
th w(e.g., dianeter) of the solar ce
q@nqutmetfelﬂ is then redled aroL0d an kelongeted cereothereby éornﬁmg an elongated

et e TEOE T & Qe Bty The 4Pt oy s e ORs? andhGR-ssfise-
didelldnli REICRIIMGANSAIPARE the wWind¥l [alé08 @hdriRhASul&&. | In some

enbodi nents Using Figure 3B for reference to el enent
emhediments,ithe metad1contividiarpehitimideimplybdenyan wab. [n some embodiments,

QY B9 S Ranh LRl Tul PR lert R flgpeeted
cbidis e D aRofdRAGE FRAM Sa meARfiNaE KpdRlyes hlell€il 41283 metal-
f?l?ed resin, or a conductive plastic.

In some embodiments, a transparent conducting oxide conductive film is
deposited on a tubular shaped or rigid solid rod shaped core rather than wrapping a metal
web or foil around the elongated core. In such embodiments, the tubular shaped or rigid
solid rod shaped core can be, for example, a plastic rod, a glass rod, a glass tube, or a

plastic tube. Such embodiments require some form of conductor in electrical
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made of nol ybdenum In sone enbodi nents, the
back- el ectrode 404 conprlses an i nner core of
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Iﬁ'sﬂéﬂ hb&dimbfts UcRSrddy 1 tRd ﬂk%é flhrPer cBﬁﬁn?és%@%@ﬁ%fg a conductor
expl ored. See, for exanple, Sinpson et al

ih Mensetond d,uvotngld?rt@ d@srsllmg\oano embadisndnty inFhast tollléngls Gt used,

St l. DOE S Tech
GG i BROTERD WA B, TP AP SR Saar G &
Q@Mfﬂnoﬂl‘ﬂ%ﬂter tF3parenitbfductive LMo HIRCAS PR RFe. Buitable

reference herein in its entirety. In sone enbodi ments
rftexidle forrthe eonduatop Riccay iob the ragterads desseibedhast ee¢dngductpsherein

m8188%'gt beuq not limited to, aluminum, molybdenum, titanium, steel, nickel, silver, gold,
or an alloy thereof.

Figure 13 details a cross-section of a solar cell 402 in accordance with an
embodiment of the present application. Solar cell 402 can be manufactured using either

the rolling method or deposition techniques. Components that have reference numerals
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onto a polyi m de/ nol ybdenum web, such as those
Wg%\ﬁ/&(}g&elg by G obal Sol ar Ener gy (Tucson, Ar Irrégg/%)sgqom%ms
oi | di scl osed iin Si
cgﬁfqunﬂlngdﬂ@e%bs%bﬁ@megts ﬁlée RIS} BRALICAQME(Cigal 41054 bagind 420)
ri.i I
&4 n{gg?%gtﬁtg ealﬁﬁ gaggisagsrcdb%&@d hﬁsﬁ%&g gengerﬂflnfngg%g@ 13, there is an
eémrtgathdrmbmg 13@thbaveh et endd sxoord dlS'otmxdﬂmgﬂengthwwe along the
nonc nduct | ve material such as uyndoped pl as .
tbiAE RarD e thetﬂ“\@’eé?féli‘Fg%ﬁgébh{@bﬁ”g on <Rk r?ﬂtlagy opposing
STRIY ﬁfb'lr}’%el a%rll'll?sjtraﬁzﬁc Ih 8%ic1 ERBGM eh¥EwBH gai 306 & not
netal - f epoxy, glass,”’or resin, or a cC uctive
qohdwsttive. Fer gxamplg t\uﬂlagﬂmx’) is aredaiofi p}mgtlcaomgjamiummmg embodiments.

(E o I?tré‘% ‘Mﬁleﬁlétlagé)h lgcfe%ﬁﬁue\,ﬁm Y SJF: nctdlon 411?q§gated in Figure 13.

r
Iﬂ@é&% ?ﬁﬁég%eglgs tﬂ§3b§h§§cﬁﬁ%§‘gﬁs % rRad age B aﬁg%f’g@fc'bgéri]&xl% materials

dfiheayresenua@lmamort r larssprerearttod ooends cbmdwtlhawmng4ﬂ32)2as made out of
dded to npl ete the, Iar cell.. Next, the foi
Tt MR S b B T 0k p G4 thereof. In
e?ﬁ%@nﬁ&ﬂ‘?@fﬂex%h@@@??gon‘a tng fgh%r %‘(zﬁ %@gﬁ o COQTHJ(EIEU@B wiring
brication metho at mat er i al at ‘canno
1\&102 hsinsertbdtinte tﬂeﬂwststprmn td ergppinatthe metalid Wweb arbmdbﬂmg foil 1304

ndow | a ayer..or tr nt conductive
ar e lonEate 900 Gt “BERO TS 4 Fasedieay conductive
dx&de or CEH&&U%@%%E ‘ébhd&tl% ﬁﬁris fRe dt’ltb?glﬁtot e d1vots prior to

manuf acture any of the solar ce s 402 osed
depesipngthe titansyapdrit cattdw‘nye ehide er ¢cdnductordilot 1306 onay eioxdghzed core

PN O R R S SRR o6
WRpSId a%ulﬂi t%Eﬂngslg% hgy @n{b AT R RSN 1S, Bt QN SFebR QQH&IC'U}@ foil

core is onto whi ch the absorber |ayer;
O @bogifutchgoeubmgdd% r hrwpwmhodunﬂdm byew B (Mdy ot avaetallic web or

priar to rolling the. foil ont e inner
ceBR T FLb s Tasebi, o eraarulss e 034 e GhaRegent
&H@&tﬁv@%ﬂef‘ngﬁchcaolra -rY$ h\GnRRBERMetAlE 1t91|116® flouﬂ%PﬁEstorptwn
of the present application provides a nethod
Iyensinatbe snrmngncalcmularctloel [n @anmmsmta gvhda:iomrtlﬁ ﬁ@ 1samtransparent
or be ){]gr on a first fac

BRI Bt rheREiee! SRS Ra g apmroon R gr gt 10%nd outer
tRREFhré M QoARRAVO RIyel ACdre dDIROSIted Bsihg AEHORATRMchniques.

conductive layer "is deposited onto the w ndow | ayer.
The riteadspeat ohdis a@ph@eéwammm 2 soldr celd asshmblyr esimpstsing a plurality

d |
BBl SRR E e SRR ARt s o B B ki
chdly Slongfe SRRk 1400 wmeq)adlrhmyrmleﬁﬁ: @tea dSlaf &elils bfIp)iS8%h

and the wi ndow | ayer is cadm um su de. In sone
edogeted rering 13%;@ mgsalliE web oyvglgoncglcang f01l (or, alternatively, a layer of

"I% 3'U4dc%[c Fxﬂ?anlvs@[giﬁpédfénnt‘hg%% ng’ﬁl%'l 13 ratseinﬁlconductor

uctl ng um U
Jﬁlﬁlﬁi@nﬁﬁ’OQﬁblﬁmf&@tlaﬂlﬁ Glsgbswgﬁttﬁ@rrﬁ&ﬂlﬁ: W§b sEge c@ﬁdu@tm% foil (or,
conductive netal, a netal Il ed a net al

alfeepalvely agyen ofi IGQ! wé@m 2 tgpsRAe ﬁ@&fhﬁ%%ﬂ@ww S disposed
onthé 9&%98@@% I]nr(ﬁ{aﬁn 4% ! Tﬁ‘@éBﬁ‘éa%H so%%%gHﬂf(banl tRé(bl‘a?allty of

conduct i
elongated solar cells are geometrically arranged in a parallel or a near parallel manner

thereby forming a planar array having a first face and a second face. The plurality of
elongated solar cells is arranged such that one or more elongated solar cells in the

plurality of elongated solar cells are not in electrically conductive contact with adjacent
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deposited on a tubular shaped or rigid solid rod
shaped core rather than wapping a netal web or foi

WaRHI0tAe el ongated core. I n such enbodi pent $CTYHR007/006615
o rSOE?ﬁ&ElLqu8§°WF§ odigpents. fcelaneaisa o Pallan bgdn physical

Joﬂfac?%?tméld&r otfledf f’h%fg% S ah u}) 'Ivnllea?@rc'bét@gen ?dé’géeﬂtsélox?%a?@rg solar

or a plastic tube. Such e S require sone
aetls.cbhelsniararelliansemi by furtheat@oprises ia phirblity ofintetal tcbenter-electrodes.

interior. face or back contact. of the sem conductor .
%hé?%ﬂ}vq ronggtRd S@_ﬁﬂﬁsﬂff*&w}w Bl of lop#ed Sabafcsis is bound
(B ATRE poptesndriry ! EubfcROBRA A ARACH BRI Foounter
denttodes such dhet ther firsiTinetat cnoitestebactroddlidseiniartist grecvd thattiaas

divots prior to depositing the transparent conductive

IpRgrRYisg on dhigRacT Ve clongale sohaTzeel] 4Dt B ABRSA K WFBL S aRprises o
o . o r

PR ) 150l SRS QU S e of

pletaabrrspuAdest dndtsecandldrgagt Bulas eclhindhg plubaity bfldondated solar

t he el ongated solar cell ,402. This.netal can be
C&Qﬁa@u $@%1@§y@3%;%1p ég}esgug meé%“ﬂ%? C%‘Hi‘% gha_t GPRsets e first
d1&delogt onHerﬁrbtrb%nag?%H%blap EAPR tHY first g?&q%’s?) fédrﬁﬁ%%%téf[e ectrode of

glue used to att a netal wre, ans o
thesabnd eloogated solar detlr én spee embodierhtsdiheelingated kibimp¥306 is glass

be di sc] osed,.In sonme enbodi nents, t el ongat ed cor
P oF PLES biser gV A o8 e Brook P TsOHn P HBRUsAFI02 In
Phheldatootth&is, 2Hed %@%ecﬁ(/e EIBﬁ%ag&@sQo?artc‘én'@Q in fHe élé]rgﬁtgtog relongated

manuf acturing nmet hod conpriSes depositing a
sohar cblds idibowtd fora sscondocartespording metabtcempterdetecrode420 in the plurality
q(}.n‘boiments, t he, gl ass, tubi ng has a second divot that

(RRa] COHBERieS EOdsm St ethaifpr scend mefal coyntersgeqtipge figs In gsecond
SR BRI RBRhSiseldh8hs tdspdctidh ¥RhoARE sélgxece?l%grbq%i gh?’fﬂfhat the

are on appr oxi mat e or exact opposI te circunferenti a
fystomeowf andithe sgcasd gtoole ag.onl appssitthorenbsiaitiallyopposite

SRR Yted REE BB b Asasl EAPE R IR 0e iR hents
th® pRERRF bIBIBASatd s oMt lts 567 IsicBBfigFed Q) reeaegdir&& 'ligﬁt fr&n the first

the deposition of an inner transparent conductiv

faegyand the sesond fast ol ehefplanar ajrapnct i on, and out er
transparent conductive |ayer onto the el ongated core.

In some enbodi nents, the elongated core is a glass rod
having a first divot thf"é runs | engthwi se on the

surface of the glass Pod>@Hg PREEMEMNSA conpri ses
deposidcap@ilAed IatiRt] Aniti 300 ks Yol dssdmiled/ Bto BifARd] abrayd e for
rolling. In sone enbodi ments, the glass ro

d h
exewoltd ey Vistssamblics HOR & BB HTIEighe Th808 (Figaied) 00 (Figure 9),
c)tar:igOg hﬁg%rerl%zi ﬁ]g %%rgehe(?ngd rir%%ntgé\p/agitgicsgcdeg?rgg)ﬁsfﬁg I%ge?gt tggﬁ\r/l%}:ove the

pro e or exacC

petfdafark of fte Wla%sl] aadmblits SUBs prREGRAbPIRALSH. The use of a static
accordingly, the nmethod further conprises depositing a

coBFRIEIsAn Pre exeEPiay sAbodinest isgHigratedontiigure 411 whege Bie static
éoﬂc ?ﬁ&)@lﬁ?ﬂt@tﬂ e%%eCRBr ﬁlultsécf% ib@re&%&héjgfﬁgien?{ bf)lgifatc9al solar
the deposition of" an 1 nnér transparent conductive

deHysgerithly COneiheid sofarfcell B3sembhcCDAs), foexadmpld, @y of assemblies 400
transparent conductive |layer onto the el ongat ed core.
(glgu{ea&, &00 (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 film on

polyurethane. The concentrator 1102 depicted in Figure 11 is an example of a low
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materials for the conductor are any of the materials

descri bed as a conductor herein including, but not
WO 2% @83180, . al uni num nol ybdenu t| tani um s®PE&[US2007/006615

RPEUIAtIOR AtipePoniBBEIAE, ARG PRigholia Raneerale (GEKe-bpg collector.
Ajr? @ﬁ 2'%5&91%%1’0? et lr)]%ﬁls Afwith tﬁQ%&E\ &l dsséies Bf the present
accor dan d the present

w th an enbodi nent o
applhitdtioat Fonmofsoinformadbh ol 2P C rtypb eoltaioit,aet Bereita und Ggrdon,

her g’ﬁl{? ol 1ing tho or dep05| tion techni ques,
@éﬁd&ﬂ ef ﬁwsﬁmg Peinesige &l hhpRel Hr kk%whé%béhaqehg
t I t
egptriy T IR SE ReEnth ik (R ahe macer ial s

di sclAdkitonahstatic bormﬂintmiomhrtt gan beiugedguittetht prestitespplicaion are

I ted tubi Q6 h firgt d nd
d(a;n ¥ |E]rg ﬁli?‘lﬁ@u? ﬁﬁ? SPéO(éqae\é{Qggp @eltllr],blhpfg&angna? Photovoltaic

dRsLPsAER h@e’r *gccérn&e A8fi otmlsgafnppg@sﬂd% tggfnatse@, al., 1998,
circunfere S|h
Hrb¢d¢dmlgabéd1c SlenortdyWoddICcmlﬁdwrdleer}mtovbltbucrS@lalIBhGrgySConversmn

not caonducti ve. exanpl e, tubi ng%1306 i s_made

pras Ausiia. B d§§01lﬁ7§owga§%lﬁﬁ?’rﬂén 8, Exnrgedingsf the Second
IH t9n %‘%e lor ﬂ)‘?/ggalligf)fa?%ng g@onﬁ_grql Seoda dAlXS a, Pp. 1226-

ust rat ure hrent s,
1(26 hdiEotiésves aiy r99rSgProseerdm® afthea$econd Wdrkd Cmfehtente orePhotovoltaic
|aIs of the esent applicati some
ﬁ% CRERE QVEEIRTH YA RGN WA RB: 4 %@éz’&og Howdergasel of 993,
lyt ' { Va9 .
B R TR X A B Phoivpiaip SBEHEts COLERALGED oy o: and
Hasada ecahdw@ﬂ; Pn@céanlndgs«mfthvelt(ﬁ‘l EC ehmmltmmsolaoﬁmrgy Coeference, pp.

n ed into t divots r|or
s A ereh kit S PFIehy dnsBrRoFates RUTRBRG IRsfin i Spgntirely.
ar Ourlﬂ sbiA€ cRIbBaRANEd 2 SRKiE 8mﬁtratbpaﬁgg§’cgdrtéﬁ§1§2§%m% Gsed. The

Is a transparent conducti ve oxl ctive
lﬁfabml sdlérecetlp iibstrated én Kigr | hganllB0ahyi téfaciab srisrast]liandemtiof the

RSB LGS DB ot P Tt s aser et b AQ L Bauiegh o100 (Figure 7),
$58QFigu nﬁ%)?%(?fﬁfl%liirlg 9?%‘?0@0‘&?\?&1@‘?0 STﬁé“ﬁatg?t{o%édt&td’ﬁﬁ%s.trated in

or ¢ I ng 304 apped ar oun ubing 1
Higurs d Bwsestbodhoes bScoveelabd orcthedionoandeadefthe mpdaleivith

130 ed to ubln 130 In sone odj nen
SPg’iFg ?85” -BIOO¥ s t at% SHEICE IEPIYE aB%ﬁ%fF Hnﬁ@e\ﬂ@wht as

iTtratddSTh ACEeurk NMRREBetGIIPOGER @$&ent|rﬁ¥19s rard B iS UBmatsu er al.,
transparent conductive layer. Such a |ayer is

200V Sl aderengy Mateanatse® iSolaa Qe W7 625-4 1 anddUeraitsweptli, 3001, Solar

ayers, jn sem.c uct.o 'unti I n.embodi nent s
BitseVieistals 5§ S8 CERB: FAIkas, Pty ofSBich B agfaporated by
refeenicé ﬂ&%ﬁﬁBQQtenﬁ&'ﬂ}d UL Hdi¥i6nd] 3M4BE cofRAIrgBRAHSIAN be used with the
junction 410 and outer transparent conductive | ayer

praseniappliddposire édcm%@ Henstbsok ofothat@olnicdiséwce @ud Engineering,

D08 i nd AeRERG S WP B SEY e TSty Ghopter 12

waIakh & Dy e%&a&uw réﬂapens,é h&teinuh @sdhsetysed in
a

Fi gure 13. each el ongated solar cell 402 in
the plurality of elongated solar cells conprises an
el ongated tubing 1306, a netallic web or a conducting
foil (or, alternafi8MBitgrnakreflegtar ebodiments

After elongated solar cells 402 are encapsulated as depicted, for example, in
Figure 15, 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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TCO 1304 circunferentially disposed on the el ongated
tub 1306, a sem conductor | unctl on 410
E Pentl al I y di sposed on the netal]ic weBCEHUSEHE/006615
mlarc% lisystem 1A ownan Figat ¢ \ﬁé,qnﬁateg splayeslis 02 padyn internal
y
réﬁgcgox:g@4%ﬁé% Ee}ﬁglg{in %({:{%n %?ﬁﬁ% s@ﬁ%\%g quhg&t%d solar cells 402
irlsolaged!absanblari 60e hhee Mtelr-ﬁlebh&deﬁl%() ahd elecwddes 440. As
I on at.ed, sol ar cells are %eomstrl cally arranged in
usteddn Figurg e ar sgll assewy Ynleémépntpﬁlé@ B ﬁfdorsgated solar
f
Sl 0L AR b L S VAR e 0o
rﬁmhl(l(]m‘tmm‘eel(lﬁo arouare ell(k;ﬂ@adrembre cheaweaned, 0@0 ard drleenillion solar
urality of elgngated solar cells are not in .
C@’l é@meeca) |/§ﬂ°@5ﬁa§m cglbatss MQQQ%@M%& dplysalisyof
I r
15@ Sre@%k 0 seléf(fné‘f Slﬂlgf;el 1§HP(1’i‘iirh ?nmﬁlpﬁr OZ é@ﬁﬁﬁ{ %ﬁe&?# 404 in this
ptlllllahtgl (Ieg a@ drlmmlb Alt00we nhay, enOODeatwmw lagj0aoe fiore, between 5,000
elon ar cells The solar cell assenbly further

P’s‘ @na{e fetRrad pfl’ye’%? met al counter - el ectrodes.

Each S
o ar ol Tl S ALSRER: RR0 Ml Ehceidt a0 Engthuise glone
coaespndmgdilongatedtsalar cells02r {eb@an¢ embtledidi2ots] interied reflectors 1404

lural jty of metal counterel ect odes such t hat

¢ & folleV sprec dindhe eveet Figngnsd endrive qors 0%, aﬁﬂeﬁw
R R B R TD O An U1 h i s
Hecauss paeduies leemtaunc af nytetialsnseddd tognakelsath déveceshthereby lowering
covers all portion of the face of the planar
Caﬁt.sa§»1 SO $7R a9 RS B rféfeaﬁﬁ At tiisagpiasticcasing pithiarayer of
}Péﬁia?éﬂetcﬁvé)fnaﬁ:lrlgp@ggt ,gg)ligﬁédae{lulﬁﬁluh? n@rlﬂeaﬁBf/'s‘fl%xl Nickel, steel,

W

conhected in serie ectri cal contact
etondeposited dnethé plastic edset rlodemo tmbhdinfentss tnt@rhairrgﬁd:cmd 1404 is a

olar cell ,tot 1. rst. . carres ond
SEIPIEFE BRALOHQ QOEthe? REINYBEG, ugnlrawg v slyrapickel; steel, efe. In
sbhe SRR dRARAS '1ﬁf€xﬁ‘1ta§neﬂ5$1§r PAaNgahedal oy BlaRGc da3B drfo which is
gl ass tubing or plastic tubing having a one or nore
lgyepal/emefal Faik@pev Ekeraplegyetel foil ta86 2nclide, batrage not limited to, 3M

e ik 45, ok SERGRLI RSO E SEEnAG Rl G5l 7. and 31
a%rﬁi%ﬁ?ﬁi@nl‘%&i{er @@R@N@' ISq QDaHPtI\iFN) CROWMAA el R 1404 ea]flg&)tpk Bbroad

the plurality of métal cdunter-el ectrodes such
ratngs falesigus, wplyainesd whidy is éllustrated die Flgues 1 6. n"Centsid trothe design of

nsle t hwi eonth respective. . . .
RfGTS B bl ¥ Rt i B e BSehLanieaton is the desire to
rgﬁ&‘i’ﬁf‘re@m%l hi fh8t GRES o AN R AT SolANcPRRESHEIP 1900 %z e., side 1620
substantially opposite circunferential sides of the

andspled6iOe el ongat ed soI ar cell 402. In sone
enboql nents of eI ongated sol.ar. ¢

205 1o EEunR PEiaRy HHR il esst SRARMGGH F8HRntiip Srtimize

rEﬂé&fbnfo@ﬁghtﬂﬁﬂ) ddiRecsegerpdicdasRr 0éllst40. MirRaligh kA ¥nters one side
.7 Static concentrators Encapsul ated solar cell unit

, Qf@@lahﬁﬁ)l pecrablyd by g sido 1 940, abowel thaplang of ths solapgell assembly

e 700,
?\?n %l’gl(l%i g ?sedl%)sé?lyg}g) ?’EI grg 8’&@)&?9}1%}% tq% GBte(sFthé r 5186 of the
sol) cell (e. & 0dide EGﬁQDdelﬁﬁlﬂhS plafé af the selancgndss@hbly Sir@nein Figure 16)
used to i ov
wxll have beennrgﬂected off of a surface. In some embodiments, this surface is
Lambertian, a diffuse or an involute reflector. Thus, because each side of the solar cell

assembly faces a different light environment, the shape of internal reflector 1404 on side
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performance of the solar cell assenblies of the

present application. The use of a static concentrator
00 HRenpl ary enbodi is illustrated i nPEIrgipRe7/006615

%OW&? ’@ng {‘PES’@Gﬁgéértrator 1102, with aperture

ol ar A Al R 1208 L EREY g 183} Brvipg o

symmdtnical éonarrgides], cr(mysedﬁorais stepb) the Sroézﬂﬁbc(lEnag uha?pelb)f the/i@rnal

i gur , ».800 (Fig 900 (Figure 9), or 1000
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&?ﬁ%%@ﬁ&ﬁi Hapd $P2n HRAhAL ﬁledt& 12094 foulk-didkd a%‘atqéﬁ'ﬁ%eﬁ&de of the

[owconcentration rati 0, noni magi ng, conpoun
foar-sided ¢crosssentemt] shiperis p@ﬁ’@)hct Jypeome kimbodiatentsAnyross-sectional

geschian Bera ratfretop d0EIR s band asdeastegie s the our-sided
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1989, Jour nal nergy ENngi neering
1mtbjmal pqﬂectbl 1404 ﬂsﬁ"pumhde:d; and atleast bye side of tho rfalreiﬂdddy:ross sectional

reference her ts entiret Addi tional static
Benb it denpes el olasopE criog i SRS GUAL hape of an internal
x@ﬁpétbﬁﬂtth@ﬂuf’aflf?y gf I%Fén%? ?Qlécfbré’%“fﬁﬁééi n%' at lé'a Slde of the

Proceedi ngs of the 11th Internati ona ot ovo
f8ui- sadocécmsﬂalsdéngmai el%perc@ﬁﬁkmf mlfﬁasﬂ:mrfaSapp dreanteﬁmqb mﬂector In

7-958; Uenat t 8,.P
e e R cEisid B4 i r-siced and
SERRYE Gl o\ A Shd Bl sh Y B/ WYY SkSectional

et a 1998, Procee gs o e Secon
Bapd eﬁamimgatedFsbbir ovlbHo2Ai In sﬁmeaermtmdengys @@mmsmsa:tum,al shape of an

L EIAE 1407 st ided hropsifet SRRERA S Hied. o Shsided. In

s%metmdhﬂérﬁs %Qir@srs s@&ﬁfrﬁYs}ﬁBE‘B%ﬂn@é}nal\[éﬁé&ﬂﬁ m\wetgm@my of
wden et al 3, Proceedi ngs of

m&m;al rﬁEEtoPh b40§we fowrtsedeSpad |aalea$tose Sdnfoé therfoer-sigqsl cross -sectional
5}161?8 07 and Parada et al, 1991, Proceedi ngs of the
ot ovol tai c Sol ar Ener gy Conference, pp.

975- 9K &iti6 i fea@lreyite GRddStoNRE RIMECIORCINNARS BhiRGcOMe reflection onto
reference herein inits entirety. In sonme enbodi nents,

aaijas:teattql@g@tﬂdcse}w celisot02as spink gmbedirmesats. rMFcihﬁed tefleptors 1404 are
| ust.r, at

R WA o E st lopS Ry pionishardifiGh St R elisflveBenected

P el stRtsupfacdsnel O dF i rbﬂlécun@tl 404 . Nint s@ehetetn RIFHEAN, Yheh@Bected
gure 4), 700 (Figure 7), 800 (Figure 8), 900

lgg.hn gffrsgrfgges 1610 dogponot b 1gecmgx)al prierensgeatlp @ther embodiments, the

entr tor rate 2 h
SREGETR AR b BB shdh S BpOsH FERS HRaQRER aras the
mﬁgateatsbmrlcbmmﬁfr optiflaPabsBbahdat are designed to
capture and reflect incident light as illustrated in

t he flngame emrgdinenss, Ahd @nmct@ucbﬁtwn@enmtﬁmabwﬁe@tpé1404 and an

r
GRS TR B ol oA Hetostiy e SibEpfocapter
piece has surface features that are complementary to both the shapes of internal reflectors
1404 as well as elongated solar cells 402 in order to provide a tight fit between such
components. In some embodiments, such adaptor pieces are fixed on internal reflectors

1404. In other embodiments, the adaptor pieces are fixed on elongated solar cells 402. In
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Energy Materials & Solar Cell 67, 441-448, each of
whi ch is hereby incorporated by reference herein in

Wpﬂﬁ“"éﬁt}?lﬁe Add tional  static concentratorsPCRAIS2¢04406615

99dtipaalepqdimee (hF SUBREQRAVESR S @%gagﬂéokﬁrgeléﬁs%nﬁﬁeﬂectors

R S e A AT A SRaR ARl RE ! U0
Sus s eRiffuknBéfeaedon. Chegoher endtibdimbrite n dcgofdenebyith the present
|nqor or%‘eed by reference herein in its entirety

apRtieFion; the sidesbtiase ifodrefestos 1494 isra @ffawgéﬂé@rg@wgace (eg,

l: e {
f6qb 1§ F%g T%E%@H(?Teg Qﬁcﬁép%?ersraeﬁggi % c%g 8 Ebrgn{tesrgaﬁag{@ia?ﬁd with a first
Lmslsmtdnkilrgsnf sﬁeoglar eeﬂle@tlolh | Ssdenbk eﬂleatlﬁoisaieﬁﬁai as the reﬂectlon off
assenbl 1600, i n accordance w n enbodi nent of

h
LA 3 PO R SR EMDHFY e dtiOUR e LT ). On
PRI C RO PO indify R 04 SRCRONBEGE sl o Bt is
atte puregedt E}darsmhamntdebérslemﬂﬁ)oamhie phiysicat }ﬁ'opa’tles“ ef thesirfice. Since the

N RN T e
I
e

reoepreids Bsmanap bui p fithie tsyrfade. eSpeugat reflegmhanodedd the lidktZeflecting

There is.po limt t he nunber of solar cells 402 i .
PRt Oh iy ) g e RGPS nBreanran e Sheciigh i lledegprafection off

8 %P?sur?agcsosqgh Q8 cl’brﬁ{lﬁg )pQS ek 3? n%{i\glt ?(g%v%?%d‘&l% kd b Ql¥ferent type

ar cells 402, etc:
dseftarhiby kGO aatidinse mﬂacume(sF igurpll UBal LLight méldemtoarandaffuse

ﬁflectors 140 Bere Lys (#lmt to . the nunb [)
refletionspripcsrip sdtlested equdly inplldisectionsand iy %tgﬁne@eg ya&emount
&beﬁﬁéh?upo]ﬂqge Bﬁys’f@%‘l ropé@i@?opfhe@f e. :S(PHCQQ%%IE[S rgft’?%c%sd equally in

bet ween 5, 000 and ion reflector 1
ade'acnomhapemeﬂvbd dhmamltﬂqn dféldsurfane fsma)akiepeaﬂd:mmhahSposition of

tégglgspg\%g plf Eeré %grv%ts tﬁ geé’{o%t%giygéme réﬂ{lgologg ? ongated solar cell

4029 Betiae $elddn huelsdhd0gH: %’Yle@:ﬁﬁ%prdﬁérﬂeﬁ‘ of PRt GAFEceS]
el ongat ed conductive core ['ow nonconducti ve

c or e Rigfuge redlebisen aurfaca0sfledt offf lgght 3ph riosdi eed tiaumal dg[mndsnce for the

iR e R e i SopriouBCAGER of TheRBBYS 1 bhmeRdays impact
UpRi e subBeqeiEe BERRHI T8 Begm of 'H%Etr "Iﬁf)ut'lféil 86 sidgtO4irk&ional
a plastic casing with a layer o reflective

sonrcens wifle¢ted gff in pb [dirg¢tiuhs ah @rdlffuﬂn regd:qtumg isurfacgl (e.gy,1704 in Figure

st eel tc ted..on the plastic.
50y Rl iion S Btondinti h cPRPERGT o Bl SeffedRpaftent, e.e,
thélightSs AKofoci A8 @héﬁﬁ@%nﬁh‘éd ahd Qﬁbhﬁh&qﬁé\hmr&u%e rough surface of
al um num al l oy, silver, nickel, steel, etc. In sone

therbljdétment s, i nt er nal refI ector 1404 is a netal or
ichis

I
P e, Lurlealan. i sGie CRub@RARn Seiddise ung presen
dfpbﬂ&dti%ﬂ dupfacd M ) sffenedtdd 10k i§ 2P8mBedian %‘ﬂe@h?@ﬁ%& (e.g., 1706
oil tape 427, 3Malum numfoil tape 431

inFugdra i A F o |La{n@p@1an:ggur(:g M de§ined pan optwp\b sourqgtthatpdeys Lambert's
crogifng ?a%, .re.,}ﬁ'a(eﬁag Q{Wm%‘e%‘gi% dlar’echry par‘gportxonal 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

independent of viewing angle) with the caveat that the total area of the radiating surface is
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range of designs, only one of which is illustrated in

F| gure 16. Central to the design of reflectors 1404

l Weﬁ) ﬁ} pre ef.erred enpodi ment of the presenfCT/US2007/006615
a6hT AR MERCE eI MEARNSd o 1o reflect direct |ight that

ent er. t 00 :

(i .(’§n h BEH’e Zdaffgéﬁgfitfrgfge SRt ﬂfterfsﬁ#'] '05 gﬁqgﬂf{nﬁaﬁaﬁ% in a given
dl@ﬁ:n@cfromnjmmllcsﬁrfa¢eecoprp@selnttls ppbitoatl tortheacasine of the angle of

F BRSPS b e PRlofnaes B Ener R SdmrETan surtace
196&15$dn@?egﬁfdl§s§|o§fhe%gie f?(?tﬁ%mi)éhm L8GQvée- 9., side 1940,
above the plane of the solar cell asserrbly drawn in

Fi gurenelifdidéss light e%&ﬂlmsfammﬂeh&n%uffaw@%ﬁ@ Hmpzmd l{eh@éts in
enters the other side of the solar ce e sid

diffiéent disdcdvnd. Wheh theentehsitynd /s Bl definedhd /asthe fi’ﬂéﬁélt? r(agvm 1,,)of
in Figure 16) will have been reflected of f of

sueflbaedlightty cmrbe definedlagnfolibsing 1hla3ccﬁdirfca¢@Lambert s cosine law:
Lanbertian, a diffuse or an involute refl ector. Thus,
because each side of It I e %48senbl y faces a
different |ight envi r’d‘gr&sn?’”@ @Z)rs)h;ap@ of internal

reflector 1404 on sidel620 may be different than on

Wwhed€ 79 = IAlcbhgUathdt b eisirBlhRHAG thel sBfth@CHBperdr 0lélhel ificident angle is

i |1 ustrated‘in Fi‘gur e “16 as havi ng a synmmetri cal

dePirEd &d 99 da i (RS PefRBfekiafPRis 84TARE as W‘e @%&?%@@&&dr%@broduct
shape of"the internal réflectors 1404 of the present

fafRhla Ctht iftéhsty of HRlrefledid kghtlcn 86 Be rie@nhs.gur ati on.
In sone enbodi nents, a cross-sectional shape of an
internal reflector 1404, j($) ast,faiy.eAn sone

enbodi nents, a cross-sectional shape of an internal
wiedré dicd@mtel404cios tHapismosindid thnHambertimasirfone si de of

t he fou i ded cross-section shape is |inear.,

sone %&E&Z‘ﬂ@%ﬂ%ﬂn syrfage,dess fgblose, s ingidspdieht raézhaﬂon but re-emits

ﬁ M deﬁft‘ﬂ Iav{1 %%}e%h@ %Aé%lth% Inliad, 98 %@WQH%até@s'?&é ofAH€ surface.
our - sl cross-secti’onal shape Is

Mareakzat a t.ambertmoserfaetradistight so that e ssdaceapbéns equally bright

hape an i ernal reflectqr 1404.is fo r-sided
G Py dreive. bR oraveFroResd rusan it sedl Bdurs Agfuinous fux.

gﬁ tﬁ1§1sccﬁ’ir18@a\{em }nreﬁpéﬁ?fa@éffh% FJ¥BR1S FoRexample, a Lambertian

croSs-secti onal ape of ernal reflector 1404 is

fudface wn@d:reeaﬂtjwah allgas of diffasswvbie pint. HEhefreflectaricd@d such a

Cross-sectional . shape,i |rcular o lliptical, In

Woica) TS TR ECe Biag b 93% dB SPBR smbefimsalofhéqpilectance of a

Ld?ﬁm surfabé %S’ BE higECP {Mn DBW ghisbMe @mbbAinfinathe reflectance of a
lectors is four-sided and at | east one side of the

Ifacmhertsammfaw ey be dawérdhan 99hapembertian sgrfaceshavethsen widely used
Syr, e.on the .i.nternal fl.ector .

iRt e Pyt bR Red HRRERSY, eI Unitgd figfes Paten
N@hb&wd, 237, 408 NisrsEDUEr &i; U8htedSehtés PAEANunfRe 656882 0%o Stern;
the folr-3ided cross-sectional shape is the involute

gkl United $datesBasentdhunbes (0:008,298 taRarklynpefat/e svhiahl axe hergby
cross-sectional shape of

1gﬁorp?]rtageldﬁ>a/|re{jeé§qc&r{ g\%rfﬂgﬁ’%e% t wo- si ded, three-sided,

f our - sl e@ehgebustie 1ahbeHianQurfades 161 0166l reflebtos P984 effectively reflect
enbodi nents, a cross-sectional shape of an internal

lightt ireelt directions. hEhqrebectpd tightds thendseetad tovdsebe slosgaad solar cell
I tg%gﬁén%%ggl%%%q%e%mlng&sé one side of the four-sided

cross-sectio
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

elongated solar cell tube 402. In some embodiments, the elongated solar cell tube 402 is
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shape is faceted. Additional features are added to the
refl ectors 1404 to enhance the refl ection ont

Wg pr’tls | PCT/USZOO7/006615
e e et S Bl el 8 € Wl e drobg e circle (o g
wouhn figotd P90). rRfe 1ﬁ%lhﬁé%f@fr91@el'8¥)%’ j th*ae& héthe g@@l‘tf’a%gd out by a

l'ight 1's effectively l ected o e sl de surfaces
o6t ®naf stltaiglt heé thactadls arduhid4. cifcte. Fomexanpleodheanohite bhecircle can

re Iecteﬂ@ of f SU£faces %610 does npt have

R drawp i thgfo ‘%‘P& SERY el L ALEE R & SUTHNGH &PREN £8 2 cURe. Second,
RIS Qling 4 IAE AT GG B e BERCARGR, RS %ﬁmat st Third, wind
thobtaing mp) keepdig if lvapptautrel hedbesrdfpoaes traaed S)OU’Ey the end of the

enbodi , he conpnec het ween .an i nternal
ST @e&nigbiadﬁggrﬁd%g hf‘gg@%v‘é\“&ﬁé ecqyeanl sirclgdpP2.j The
&r 4l @ﬁdehmm afdd %He%aiut@mgtlﬁvoleﬂe%ﬁve 1g9gh an

pt er piece has surface features that are

C onpl Aklenighny gtrerd atdurteHes shapps egdluienitdan aifinitely many involutes

SERBRICIREL' HFSOTLLORER POAIa) bY MR OB 'GheR fso be tought of as

&19'59%%?&%%01{{‘ D S A EheQARRHISTE B lbfuenTURNR. %?Qkf?ﬁle R BLBS #, at any
afe fixed on internal reflectors 1404. In ot
tenb oditneuton ¢dnebeasiaiptoas: pi eces are fi xed on el ongat ed
solar cells 402. Inadditional qudinents, t he

connecti on between elongated'sd1 r cells 402 and
reflectors 1404 may be stremgtsiened by electrically
conducting glue or tapes. Diffuse Reflection. In sone
EhrrRsaenRglY, the ParaBSHisAavatiqn efithe Hwowee@%th@ circle is:
application, the side surfa¢§ }9 { reflector 1404

Is a diffuse reflectlng SUF face %é Q 1610 in Figure

16). The concept of dlfyMSGOmmﬁ+sm$Oon can be better
appreciated with a first understanding of specul ar
Ewwilute end oyyolu@pare utcaprocdffhrations nTheepdite n€an myoluteeof a circle is a
crIlectlon of f smooth surfaces such as mrrors or a

ar m body of water (e.g., 1702 in Figure 17A). On a

specuhaslueiffags habé Bédn ih%ldn@efdt&ﬂh@ﬂnﬁ?dt@'pﬁtehﬂdésf%s to Optlmlze
direction of the reflected ray and is attenuated

lighb mﬂecmrpe rge ﬂ}sam,upldra a5k lgnp sdflegtor Wnitask Staigs P@tﬁntthi@nber

h
LRG0 PR RESS RSy I Rtosttd B teleteadeiBtein By R Ris) A
donsdveilipht Rflettoe ORISR (Valted Stats PateRENRASEL 4,641,915 folRose, hereby

el ongated sol ar cells 402) determ nes the percelved
in¢qrperatedtbiygatessnce hereiuinfigeatiregpewhichmare kgrecinceporated by

d f
RS f b L bR BRSSPl Mo Fenecron
ﬁﬁ&bmgtlon reflection off rough surfaces such as

clothl and the_asphalt roadway |leads to a
di ffeliFl AEUTE | EB ¥ inteangl geflactn ARG irroanecisd towe elongated solar cells

48! l]fe‘fzills%'? bbfH rgﬂécqorllzﬂt ainb 1{3% %élpfdzdzﬁFBm%equ ﬁillléhllléﬁ?the intrinsic

reflection surface’is re

rdiatieashiobs wagttthe Shadeb eﬂuateﬁdmgbty:d aalaamlumz zdﬂpl&@d%lpb of the side
sical properties of face.

the ph
surfggﬁ 1619 qlehy wisraa refifigiar 1g O¢- nSksimsurifaqeéééi Grs Opﬁséructed such that
tgﬁf SeYER VI é’d?tﬂf‘&&ﬁﬁar%@ né&%d%dlraf 84f4dzs not dependent

the position o rver or recelver of the
refl e@cﬂ\eadtdge@my, tlee igvoluteeevobige Hesign iddposéscopeina gatrackions
I ell
bse(t)wggn tge 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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402). Diffuse reflection nodels the |ight reflecting
ropertles of matt surfaces. Diffuse reflection

$SeRH S t of f ith dj r ect i onaPCT/US2007/006615
5 ﬁ@ C%S ef:%elwgwgq InvQYis HBiRot Hia dieclign ahat is optimized
t%ﬁfd@%l?eoé?b&g"a'tédysoia‘?léglh49i snooth has a tremendous

I mpact upon” the subsequent reflection of a beam of
| i ghtln sbmp@mblodpents manmhhastmtedgﬂl Eigihra BE telomgated Solar oxlsi492 are
ections on a

S?@Hﬂfigtﬁ%@ g,g rs:ugl&@ | @e&rlamefm the-ends gﬂﬁ%ﬁ tﬁ%she digragterdgwards
th@Eéxﬁ&tdf@Gcl%élg' ﬁgécﬁ%démma gan@aﬁ% X%?or ; rnal

scattering of and
t hen Sodaretialt Aﬂ‘dmblyn d\seidtlﬂrantzﬂ mSRIgure @6, sotarfeeldinttheplurality of

QQ??E[?& F%En‘&)g Eitr!?]qg o e@w@éﬁ? ltnltaﬁglr%}%i lggric\:éalr 8Qrallel manner.
Iﬂ@@]lnb %ﬂltbbﬁﬁ‘nenﬁJ Efoﬂ?ﬁe&@é&l Bfivd &Jfré @@4 R:;e_x?%é@ﬂle' clﬁ_gaﬁla?'er cores

Lanbertian reflectfng sur face
dE3Cjbed An Begtivark 4.am ss>m¢rermbod3nd&£ |rathek fasmimg aamhdwive core 404,
sour osi ne | aw,

Thert"
SR fie st SR eI BF BB romird bt PHiEisd0nEs ghustated, for
etxgﬁlgﬁ:nﬁﬂ Filgfureqm v s%t?le'etmlioﬁm\{érﬁé’% t@}:rhlﬂﬂlr&dgéglon%ated solar cells

Accordi ng a Lambertian surface is define
)Jrchabe sﬁripaed fowr taldhs outer taremFdi eXangilgreondidérrtbe chsatin which

di at h that its radiapce (or |um nance) .js the
et Oy PR R bakiRidadi At inher corsimepaoatdintage Substrate
40@ atld an oAtk e&a%a& 41042868 808 hadd o MhEYLRGuAN Th hchM Ede, the end

he caveat that the total area of the radiating
(If grongated isglar @HQZ @n be stripped doen r&gthm@mb@dum(bach—electrode 404

rfectl sin f ace e in sit f e
b R N (A TR ST e
sur f 3680meRRBBGIMentsS eRhARRFal Pémkt& @4@41@0&9& RERY erfcRsulated
angle of the normal to the surface. bri ght ness

ed(bngmedankae cellsaftﬂ)i%(nge)demfzted ab 30 ar i 1ga1t¢s slﬁnaﬁ@&é) far example, in the

TGBREBlOe4E7 iR 6 Rl if s alad Salapenl 493 ae ofectively

1SMAER ARE a gl pbéfd daViEk. NafFiaRE $6'é?ec‘€|ﬂoﬁé§544ﬁﬁéxtend the connection
di rections.” When the intensity of Is defined as /,"

from hack-¢leeirmietdp4 ( én gome embcrdjmepltsoﬁteanal edflestor @dits 14Mtare

cggg?cgegi t%%&;z{]qesglf?l ?\%)Par_ F&ﬁ(@%fv& j@g%%tagn%noc (e}g%granswﬁrgptcasmg 310.
1h 6¥md enmBbEinte@ss? tHe indéddioks oh Shel tRlng, ?ﬁgnttcgs&@ 816 befcdGfed to
property. The incident angle is I ned gm, and

cohwlqregnt ghet shapaefghe interalatflenter qst Héh Inctg@tamlgns pretwo transparent

:é? ﬁé gi? gré: qs@c’i ﬁotdl%glé I{lf 8 rerpr{ eBrial #ﬁf;{ogh%g?hémg{ 18 pﬂsmoned between

tHe s @fcaﬁsdl’e&@d Sdlartdens 3003 RaoRR| entd dihiéntd; aBR&iVel Aaterials, e.g.,
surface. Such a Lanbertian surface does not | ose any

ePAXY eleat are gtk to ferditn thegannasiiony betepgn e internal tgflectonienit 1404
aﬁ?ﬂ I%tljé ?aﬁéc%n de%lg:a;gsu?ﬂ% foharvxle llﬁpﬁs g(f)O gu%g ' 3olaP radlalf‘gn is properly

at’e e surface:
reflected towards the encapsulated solar cell units 300 for absorption.

In some embodiments in accordance with the present application, internal reflector
unit 1404 and the transparent casing 310 may be created in the same molding process.
For example, an array of alternating the transparent casing 310 and astroid reflectors
1404, e.g., shown as 1900 in Figure 19, can be made as a single composite entity.
Additional modifications 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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Moreover, a Lanbertian surface emts light so that the
surface appears equally bright from any dlrectlon

“W’ ?W1§35e ual pr%#ﬁcted areas r glat equal (}32e07/006615

& 935108 THHRAYF PRI It ngtn %ﬂtlonﬁﬁﬁyc%@mem the
S@%ﬁf3’2S%éﬁ“%@%?@%ﬂéﬁ%‘%‘%mg?erTﬁ‘%%?%“’ﬁ%‘?Z@m gnber of
ip@imal reflEbers Bf0dex tlenesingf3 lﬁmﬁmeasseyr{hlyzaé ddpactbint Figare 19 (e.g.,

urface be 93 In sone odi ments, the

e reATE b0 gfors, {098 marey ] Oﬁmwrwfwnrﬁ Yieandiang million

| tihe flectance of a

l%ﬁ%teﬂeg‘%{gﬁhrf agg tlr‘f?;{/b%glg 312\/\%% 93t han 93% Lanberti an
surfaces have been widely used in LED design to

provide optim zed illumnation, for exanple in United

St ates Pat ent Nunber 66 RENERBNCGES OETEDal | , et al;

United States Patent Nunmber 6,661,521 to Stern; and

Uni t exl] Bifatecses it héreiumd ficofpotdd@] Retdintby rBREdagain their entirety
al , which are hereby incorpgorated hy reference in
apd dprral bipirpesss fethe sa@e srelgsaligach individpelmupleptionor aatest or patent

éﬁﬂ&é@? g\(/:atglf hﬁcgﬁ%‘lﬁjaf‘ﬁg Iflfdﬁzﬁ a} }ﬁﬁicﬁtea % Lfﬁ%ﬁllpggir't%dc?%)nrgference in
itsaneretys fdriad pakmsgat ed sol ar cell 402 to enhance solar

cell perfornmance. Reflection qgn nvolute surfaces.
some Maboapddisaionsand yadatipss @étmﬁ wp 19ﬁ@rmaeévéﬁ@ade without

f
FRBHE TPl ufiCHIROR, pE LB aprfe R UPE At . The
spOdfic kmbsdimensrdesdibed hesein mb&uffefecdngav@dofswdamplamﬂy and the
tupe 402 iscircular o ear C|rc | ar . | ect
E?aé'@é 115 li@ltﬁﬁlégﬁ&vemo t ‘?/BG’HH’%@ ¢lamseflopg with the full

[ ute of circle 1802
s(:@p defl neélegg ttgr\]xgh'&?s%ﬁﬁaggggr%gh? y a point on a
straight line that rolls around a circle. For exanple,
the involute of a circle can be drawn in the foll ow ng
steps. First, attach a string to a point on a curve.
Second, extend the string so that it is tangent to the
curve at the point of attachment. Third, wi nd the
string up, keeping it always taut. The |ocus of points
traced out by the end of the string (e.g. 1804 in
Figure 18) is called the involute of the origina
circle 1802. The original circle 1802 is called the
evolute of its involute curve 1804. Although in
general a curve has a unique evolute, it has
infinitely many invol utes corresponding to different
choices of initial point. An involute can al so be
t hought of as any curve orthogonal to all the tangents

to a given curve. For a circle of radius r , at any
timet , its equation can be witten as: X = rcos t
Correspondi ngly, the paranetric equation of the
involute of the circle is: x . =r(cos/ + rsin/)
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y =r(sin/ -/cosf) Evolute and involute are reciproca
functions. The evolute of an involute of a circle is a
WEi2pe06031f ny ol ut e surfaces have been i npl ement BET{U$2007/006615
H\%Téﬁglpﬁl\gﬁp’desi gns to optinmze light reflections.
For exanple, a flash lanp reflector (United States
Pat ent Nunber 4,641 ,3 15 to Draggoo, hereby
li. & solpocdl wdt dympresire: ence herein in its entirety) and
conc v% Iigpt [efJec}or gevices (United States Patent
Nurrbefd) 2 sgleq cell, paidisglagelbcompnisihd; i ncor por at ed by
reference L e I deds LT, ' r
incorporatzggllb fﬂ%égg#éﬁggQ%%at el?nﬁﬂ%ﬁﬁg??ggéﬁggﬁ%and
nehplanare i nvol ute surfaces to enhance Iight reflection
efficiency. | igure 18B,.  an.internal reflector 1404
i's connectae@clg@rqc%@deep&@g?@(}“%lgl %ﬁp(@gqi 9 twgs@é‘ﬁai |'s
of both r : : : '
to highli S{ﬁeﬁﬁ%ﬁ{di“%{t@ﬁlﬁgﬁ% ‘?8%‘2%?8%5‘%{?‘%9‘@3?" é’%éat%&%
mblepkestrode; thé el ongat ed sol ar cell 402 and the shape

of the side surface 1610. of the inttgrnal f | ect or

r .

1404. Si dé* BANPHUERILORBIGH VE 1y e it Gt s disppse g said
sEH%bn@ﬁ&oxtj'ﬁgctidﬁVQﬁdﬂe of the circular elongated solar

cel I 402. "Advanf ageously, the invol ute-evol ute design

i Mpo9B3 atphspaednt casing actundersntidtyvdisposedentsisaid cglindrivabshaped
1@1}0 l?f reflectors 1404 and t he adjacent el ongated
SQBY &F"-cel | 402. Wen the side surface 1610 of the
reflector 1404 is an involute surface corresponding to
the el ongated solar cell 402 that is adjacent or
2at Treecdobad celd unihef cleint écwloerdihQHe trinspirent @kingds made of plastic or
2ﬁffectively off the involute surface in a direction

#at is optinized towards the el ongated sol ar cel

402. In sone enbodi nents not illustrated in Figure 16,

el ongated solar cells 402 are swaged at their ends
35 uldte sokaacell heit df elpien &y wintreintee eardbpariest dasimg compris¢srabuminosilicate

| anet er... t rds ,the.center of such cells, Electrodes .
e85, ot G o e A B RS BB 5P s et eSS ceramic,
NraRILded fifcal didsdSdoatiag glz{ks,Fc?LﬁHE @128 chaleb@hnided! sufphid? glass,

the plurality of elongated solar cell's 402 are
fyovideglass dlintyglapss erregerdtediglasspar al | el or near parall el
manner. | n sone enbodi nents, el ongated conductive core
404 is any of the dual |ayer cores described in

45€lHel soMr 2elf unik Bf SIHE 1 SWRQEIN 1RO rSnsphirdhf\@kink @bApASesth urethane
conductive core 404, back-electrode 404 iS a thin

podypegr, &f aarlicapol wph iftuetbpehyreersaupiieonst @ sliosnegel, an epoxy, a

illustrated, ,for. exanple, in Figure 3B. In sone
p@hﬁgﬂi&%@ﬁ?ﬁblﬁoﬁe ™ erminal ends of el ongat ed sol ar

cells 402 can be stripped down to the outer core. For
exanpl e, consjider the case in which el ongated sol ar
X elhe sbp celb ugib aselpie { ethasein the transpamniasingicempeisks of a

e T R Y N R
acé&ar,(EVg, perfluoroalkoxy fluorocarbon (PFA), nylon, cross-linked polyethylene
(PEX), polypropylene (PP), polyethylene terephtalate glycol (PETG),
polytetrafluoroethylene (PTFE), polyvinyl chloride (PVC), or polyvinylidene fluoride
(PVDF).

6. The solar cell unit of any one of claims 1-5, wherein the substrate comprises plastic or

glass.
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of elongated solar cell 402 can be stripped down to
t he nnl%bdenun1back-electrode 404 and el ectrode 440
WOIROHPect ri cal | y connected with back- el ect P6E§AISA¢P1/006615
In sonme enbodi nents, each internal reflector 1404
S . € » .

T oD ot R ubitr BRI RAES 15 SBORR eS8 B B tisdOhral or
metalngllog, in the manner illustrated in Figure 16.
Because of this, elongated solar cells 402 are
effectively joined into a single conposite device. In

[ Xt [ :
Gy i 8¢ ShE L RS O AERIE P SeR BRI R sods lime
glakl ector units 1404 are connected to encapsul at ed
solar cells 300 via indentations on the transparent
casing 310. In sone enbodi nents, the indentations on

i R € : t

e R S0 P SHERAS e O AAPL AR e
dlimdimosiditate gkasgbotosdichtearasp adietinbicogass ngerddfivar /sensaadticior glass,
lLlock in.one.interngl .reflector unjt 1404 that s
SSceBl A isatvdBirdHisa s eshiep 8lass Chalcagsnile | sulphide lass
RR%de loThsS ABaSIHACL SRALSe, MAANERL VG BRERHIRS, € 0.
epox§hgfde?§%re uségﬁto(%ort¥%§’thg conn cf?ons

between the internal reflector unit 1404 and the

dj.acent encapsulated salar cell units 300 such tha
o Spha el BR} SR pee ams T wbeisin Wswal?sa@euﬁ@l%uiar shaped
ﬁﬁ%@ﬁﬁ&ﬁ@ﬁa@&dﬁ%ﬂ?h ¢4h kubifhfes 300 for absorption. In

sone enbodi nents n accordance with the present
application, internal reflector unit 1404 and the

t.ragpsparent, . casi 31 he created in the sane :

o engiep Pk BEE O e 20, AHsrean i Fay8 ) mpESh Oplelium.

the transparent casing 310 and astroid reflectors

1404, e.g., shown as 1900 in Figure 19, can be made as

1. sitegbkar cahpus pf aryemeiof glaindsi diitl | wherkintbelsdlistrateihas g hollow core.

may be done to enhance the al bedo effect fromthe

internal reflector unit 1404 or to pronote better

13 UHen81aP 8EINGEID of 4 dric®FERANS L1 20RAERE tBd BadDdectrode is made of

thesolar cell 402. "The casing 310 may contaln I nterna

atwdinuing atolyhdenuhatungsserp ivemasiinm t thedisha pediwt, chooreium, tantalum,
nbodi ts. of the solar cell 40 There.is no limt.

(e DRl oAl B4 Bt Bl Rt oBp geanBihation thereof.

casing 310 in the assenbly as depicted in Figure 19

(e.g., 10 or nore, 100 or nore, 1000 or nore, 10,000

lgr Therselar belt waibof $1y006 ofinthironé-12i whereim therbagkaelectrode is made of

reflector. 04 and the.casing 310, .etc.). 6 . .
i Cde, i A OF JrEPONE QB P abiaiocs gped zinc oxide,
ARRLROIGYe8 9k @xRieN gdlMumIoBEEAAE okide iRbK dERY AifESMdAR™ium-
for all purposes to the sane extent as if each

Zinpodiiled aanetpledarhanchlackafibed prideptgraphitpascathon bigsstilledtaxade, a

) ecifi,cally, a i ndi,vidual |y indicated .to.b .
RS Rae R o ERB oR B Preondh VR bR ied ovide an
dpUk R ASRRdudvive ) 14¥9,brfal coAdMRINE pRREc. var i ations of this
application can be made w thout departing fromits
spirit and scope, as will be apparent to those skilled

150 Itht%eso% bell l:m?of any one of claims 1-14, wherein the semiconductor junction
comprises a homojunction, a heterojunction, a heteroface junction, a buried
homojunction, 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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speci fic enbodi nents described herein are offered by

way of exarrple only, and the application is to be
Wpﬂﬁ?&’%@ménl y the gerrrs of . t he appended cl aPf#/US2007/00661S

layes irgmprises qaft@nf%rlptu o8 oFfdee HrViRIdORES o Gk SHILGLER oxide

it | T I

(10 BpaL AnEDit, Ftpiviihldoma R, et i dce, boron

dopezincsixidg: indivauskiat vaide or wiecembinationl thasdf. a porti on of

said substrate is rigid and nonpl anar; a

back- el ectrode circunferentially disposed on the

BuUbRlrBiL cel"liuﬁ]]?gf C&f‘& iy Gy cgrl 6l @fﬁ@lﬁn said se 1conduc or

circunferentiall |spose on sai d ‘bac ectrode;
jandtioarcepprisext an:zchsdnbet layer dndyegunationqartharleyedrj whéryin sald junction
di sposed .on, salf sen1c nductor junction; and (B) a

Ra.rtaﬁrs lgugrdheireuaficrrgtially dishesed @msala|ab§pra¢rslwed ont o

said cylindrical shaped solar cell. 2. The solar cell

unit of claim11, wherein the transparent casing is
lr&adEhecsblap kcels tini¢ obelaimt &3,svhedein Thid absdrber laydrlis wpiptr-mﬂium -gallium-

erein the transparent casin conpr
Sidemioind %abi\wectgqnd@gne@ams}? e gy, 265, 265 fulp Cazns,
BIARR,, @%U@aé s%@pz 9,08 cg;lgeﬁznogl ass cerani ¢,
silicate [ fused silica ass I'me glass, quartz

gl ass, chal cogeni de / sulphlde glass fluoride gl ass,
flint ass, of rea | ass. The sol ar cel | it
{5t TPl 350w pEFATE HE Syl S Siect Bt NbsiranaS ip and 20
elibane polyner an acrylic polynmer, a fluoropolyner,
a silicone, a silicone gel, an epoxy, a polyam de, or
a polyolefin. 5. The solar cell unit of claiml1,
ri.ses

t he, t
A ehy CrLREET DRt L7 AR 2 HOPPSLPREIMAT Y s Gdn said
455D lay @rtlpgétgjggngl7%h Oagget at e (EVA) per f | uor oal koxy

fluor ocar bon (PFA), nylon, cross-Ilinked pol yethyl ene
(PEX) polypropylene (PP), polyethylene terephtal ate

Bt sl ok PEbrE B nesin SEb U e Tkt in seid

a{b?M@El)layéls bogeeRb2ran@® 4. unit of any one of clainms
1-5, wherein the substrate conprises plastic or

glass. 7. The solar cell unit of any one of clainms 1-5,
ﬂheltheel sglzitr qu uni {' rlgitme le‘owrﬁ)errellg?h sct)r%ler I%yer%%tmaprlses é%s having a

<110> crystallographic orientation.

23. The solar cell unit of claim 17, wherein the absorber layer comprises CIGS having a

<112> crystallographic orientation.

24. The solar cell unit of claim 17, wherein the absorber layer comprises CIGS that is

randomly oriented.

25. The solar cell unit of any one of claims 1-24, wherein the solar cell further comprises
an intrinsic layer circumferentially disposed on said semiconductor junction and wherein

the transparent conductive layer is disposed on said intrinsic layer.

26. The solar cell unit of claim 25, wherein the intrinsic layer comprises an undoped

83



8. The solar cell unit of any one of claims 1-5,
wherein the substrate conprises soda |ine glass.
WORE0SNGPHP cell unit of any one of clains 1-5, P@ﬁé‘}sé‘?%/‘)““ﬁ
YAREPAUHOIdSt e conpri ses al uminosilicate gl ass,
borosilicate glass, dichroic glass, germnium/
sem conduct or gl ass, glass ceramc, silicate / fused
X I Theasobir asl ynigobelbim 25, asterein el iaogBiti ldger complipdsiundoped zinc

ss, fluoride glass, a glass-based phenolic, flint
é% or cereated glass. 10. The solar cell unit of
any one of clains 1-5, wherein the substrate is
tubul ar shaped and a fluid is passed through said
Bu@‘tersatae cell finit BTﬁamysmiea]f ctaeiarhk liiﬂl further cdm;brmirilg)a filler layer

in the fluid is ter, itro or hel i )

cirfu gntially disposgd on sal tr@qspgmpt Qﬂqgugfve yerxherelq S?Ll transparent
c\@lgil Fﬁuﬂlrciuﬁget%imﬁff & e;ﬁ)sgdign galﬁr‘rg lkr?l‘%’%cr% g?}ég’ircuﬁﬁgreﬁﬁélﬂrsealmg
:hﬁb@dmﬂeuﬂshﬂmdmebnaﬂb of al um num nol ybdenum
tungsten, vanadi um rhodium niobium chrom um
tantalum titanium steel, nickel, platinum silver,
ﬂ)ohq)e s@l’ér@él'l it Bf"@laﬁpﬁs vQ{er@lHYheCfﬂ[@P'lzgﬁP & Q@Eﬁgfene vinyl

. The solar cell unit’ of any one of cl alﬂs
acbtetee(lEN Ahslibarek smb«mﬁ gehdbpokxy m&«ﬂancthyll sidxama (PDMS), RTV

SoE i SASHE bHdrv El P onpnb b ieRne D
N dal R @OREELrFlidG fRSEERIynRQY G elefngi NC OXi de

i ndi unei nc oxi de, a netal -carbon bl ack-fill ed oxi de, a
gr aphi te car bon bl ack f| Il ed oxide, a carbon

S Dbl BP b SohePh 05 PRSBSOS St s thian 1
lgj6@ps, or a conductlve pI astic. 15. The solar cell

unit of any one of clainms 1-14, wherein the
sem conductor junction conprises a honDjunction a

ﬂe:ﬁ ?}jﬁg}?ﬁ umaogcllgll?rii- Zg,fwkgéﬁﬁ?uﬂgqulgef afhsoae efr{lfﬂ cosffigient of

\Iﬁansﬂheo LAEr 1681 sonpiibopéc.any one of clains 1-15,
erein e transparent conductivel ayer conprises

carbon nanotubes, tin oxide, fluorine doped tin oxide,

A . q § |
e ST 0058 6 B o b s o
&b@gvgﬁhg&ckagb%g12|nc OXIde or any conbi nation

thereof. 17. The solar cell unit of any one of clains

1-14 or 16, wherein said sem conductor junction

PavRie 2R s PR BEIIART 2 YRGS A i ik @oRih A isiloxane
polyifietTREeatd @k ielddtrfPas e Atk i8Rl of adltsQilRRhe bRY®Mmer 48 a second

The solar cell unit of claim17, wherein said absorber
silzapee elagtosspper - i ndi um gal | i undi sel eni de and sai d
junction partner layer is 1n2Se , 1n2S3, ZnS, ZnSe,
Cdl nS, CdZnS, Znln2Se4, Zn, -xMgxO, CdS, SnQ2, ZnO

3 @he sOlar deIPasit 6NEaind 38, wWikigeis el @dyler Wotm& fr6ha %) by
17, wherein said absorber | ayer is between 0.5 mm and
\Qelght a polydimethylsiloxane polymer liquid, Y%, by weight, a first silicone elastomer,

and Z%, by weight, a second silicone elastomer, where X, Y, and Z sum to 100.

35. The solar cell unit of claim 34, wherein the polydimethylsiloxane polymer liquid has
the chemical formula (CH3)3SiO[SiO(CHj3),]nSi(CHj);, 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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mm t hi ck. 20. The solar cell unit of claim17, wherein
WS co osition ratio of Cu/(In+&G) in said absgrg[?{el{saww%ms
95. 21. The sol ar

%2 é&#ﬁ??“ggﬁémglﬁogagﬁﬁBG§WF?on ratio of Ga/(ln+Ga)
in sald absorber layer is between 0.2 and 0.4. 22. The
solar cell unit of claim17, wherein the absorber
I6ayle sobipeli sris of1@H By wihegeia the ﬂr];Osilimm:s:teatolnmg lcamb'risves at least
orientati it of claiml

lar cel.l

e PEEAT, RE vl ary BB B L inehoS fabk Agd hetween 3 and
ﬂﬂe@?en%y%e?é}ltgﬂ%%h' c ori ent ation. 24. The solar cell
unit of“claim17, wherein the absorber |ayer conprises
CIGS that is randomy oriented. 25. The sol ar cel

i of . any one of clai 1-2 wherein the sol ar cell,

Hrthedpleg SHbRREalclai Fhovherin die segnd sihigang fastoger campyjses: (i)

J
TR e S TR 8 e
temand thirtycpdregne by waght 'ﬁyérogexi termareltdd dlmlethybﬁlloodam rn@ Giji) between
mher i n thﬁ intrinsic l@Y .conprises an
B"df‘i"“é ¥ i friggihyletedsilicaThe solar cell unit of

cIa|n125, wherein the intrinsic |layer conprises

undoped zinc oxide. 28. The solar cell unit of any one
38t Temoles cdll anmf of caitthd4 whenepr Xd$ bagwaerf 30 hret 90; & isrbetween 2 and

i rcupf.erenti i sposed on said transparent
@oﬂ%‘ﬁg@ %WF%‘%PXC‘ %er ein said transparent casing is
circunferentially disposed on said filler |ayer

thereby circunferentially sealing said cylindrical
¥hdedobokelt utiebf anyagie ofkkrimsl 48, fether mmprisixfg a:Watierrresistant

28, wherein e fi r | ayer co rlse et hyl ene V|n .
'%éFHF@n%E‘WA‘)anYQISPP ¥oira sa tFa}“é tgf@f‘ Cé‘ﬁi'é%)’er Ruherdl said
t%klyéﬂw%wué isdidc @@ Ent{dTl Sid Wﬁ@f‘?esfs%pﬁger thereby
pol yvi nyl butyral (PVB), "th r astlc pol yur et

Cér‘f%fqreralqﬂqlsyaimgtmmwpdawl abfrp;td isglar eelk. | uor opol yner,
or a urethane. 30. The solar cell unit of claim 28,
wherein the filler layer has a viscosity of |ess than

4b. XrhkQB1as Bell Bdit ol 18NS M, a0hebSh |theU&K/‘zlltEr @Elst%tal'a?r%émprlses clear
wherein the filler layer has a thermal coefficient of

sthiqoaasiidnSuINgs Bifkeor Alb@y vBRE x andy 6re/in@gers32. The
solar cell unit of claim28, wherein the filler |ayer
is formed fromsilicon oil mxed with a dielectric

g€l The3Blar ELuBObAElaine! | fuHRéricofdprigingl m 28, wherein the
silicon oil is a polydi nmethylsiloxane

a water resistant layer circumferentially disposed on said transparent conductive
layer; and

a filler layer circumferentially disposed on said water resistant layer, wherein said
transparent casing is circumferentially disposed on said filler layer thereby

circumferentially sealing said cylindrical shaped solar cell.

42. The solar cell unit of claim 1, further 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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pol ymer liquid and the dielectric gel is a mxture of
a first S|I|cone elastoner and a second silicone

WO2HA6PHP. 34, The ar. cell unit of clai m 28CT/US2007/00661S
‘k?emé%@.sglaf mell pnif P%%nw oavé.f clagng bﬁ%e@lrﬁlﬁmﬁmmmwwmlgqﬂectwe
% by wei ght,
 dftliRbRaly SARG BOLATRRnsop i frsinklh DY 101 O
second sili cone el ast oner, where X, Y and Z sumto

Pﬁhﬂ spiar ﬁ«';lf Wi ok Ce‘leﬁlanfhn?gm ?f{eoainl’uge'ﬂ?s%éq wgagéE%er;?eg MgF,,
sﬁlf%romﬁll b q_g")u%ﬁ' %ﬁh%f@dn%@%& @i lﬁéo% O\MEGI{ ﬁlt Is a

ange of ’integers chosen suc ner quid
has an average bul k viscosity that faIIs in the

d5e G G Rumip e 4my e o] S BaFo i G817 GeHas pY lingrica
s@ yﬁédca%%a% ﬁftf(ﬁ:'éll Hiit fléi Wheref sa @%ﬁ%{l &l ﬁ%‘ay ﬁl@ﬂgenseat least

term nate
amﬁ @leb&bﬁeﬂnp,&zvhmelm'éacieeleamdebxynp/\m thédrat sask beaglectralé strlp is
lar cell unit of claim34 wherein the sec
°§FT ?)@gr?@ the LanspARent cidpstiedayer @lopgdhe ?)é@éfwi.a%wf the solar cell.
percent, by weight, dinethylvinyl-term nated dinethyl
siloxane; (ii) between ten and thirty percent by
46e i Thlketsolay delbganef @aim 4@ tvaeran thetdtjdastsoreadarede strig comprises a
pii Hé’ k%egig en 3 and 7 percent by weight trjnethylated
frpliypt elpgtrode, sirip)| ParEePPFItlﬁ?ﬁdtatéPaCG intervals opyths Eanspent
PR g3 i plurgP o RS in g A1 AR adprimately
pafallel @i aash dth8Balohg theloytindrioap exis ofitheaolantedl. resi st ant
| ayer circunferentially disposed on said transparent
conductive | ayer, wherein said transparent casing is
4@" FIHEbRE 841 bt bﬁ’cl&thﬁp@mr&ﬁ‘ e@@t’r&’de\’mﬁé’ intfS d}')lﬁfa"ﬁ@} of electrode
| ayer thereby circunferentially sealing sai
soypsianelspaced owthed pesh isteinals ared burfat® of Tedranepament cehductime tayer.
of claim 39, wherein the water resistant |ayer
conprises clear silicone, SIN, SiOxNy, SiOx, or Al O,
Mhefrh% s81aRBE1 YniBbEclhift £GSIRreift dect R AR tﬁee}!nhra%w 8¢ Qécirode
claim1, further conprising: a water resistant |ayer
SMpscanmImcedwutaﬂt bpevdnsposeld com swfade of the spasparent conductive layer.
conductive layer; and a filler layer circunferentially
di sposed on said water resistant |ayer, wherein said
4or m%faﬁ%ll GRABb Nyl che Of ERMAT 148 MNvhérkinysafl s%BQt%ﬁé’th% Young’s
said filler layer thereby circunferentially sealing
rs@txhusogﬂZOr@?a@agreamaped solar cell. 42. The solar cell
unit of claiml1, further conprising: a filler |ayer
circunferentially disposed on said transparent

90 hdGbiaY ell V€SS ang'rlﬁ‘xe%f WRIRS 148 SWhériisaldP¥Btrate has a Young’s
circunferentially disposed on sai d water resistant

medpdys of 40 GPa or greater.

S1. 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 a

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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wherein said transparent casing is circunferentially

di sposed on said water resistant |ayer thereb

WEi2p¢ Eﬁentl al 5¢ %(%I ng said cylindrical %57&}]52007/006615
i§ B |rigy %lFPrﬁ§gKH%@ d8t-ar cell unit of any one of

clainms 1-42, further conprising an antireflective

coating circunferentially disposed on said transparent
Hasihegolat 4ell Ghie ofaiyameadiclaimsil t4806vhe11ebi aﬁ &3 portiext ef the substrate
the antirefl ective coating conpri . sili.con

P T2 A O p L0 91 QN croROBece, adfangblar cross-

s%btlldncg'ﬁeﬁt)éh aFUr&srs'ste 1on4§ he %%aél‘@r s-s@&Hnl,HEfotss-Qéctl%H%avmg at

one 0 ereln S solar ce I's

leask omelarceaté perhn&z;pecmL aardsshsesti@n leavingair¢astbnescureed ponton.

wherein said solar cell further conprises at |east one

el ectrode strip, wherein each electrode strip in the

Bt 11R38ar e8Lus spélﬁmsel 54, "Wierdid a BY&HoRYG L1 ARe LitSirate is

transparent conductive layer along the cylindri cal

chriasteozed byea Sicdt aross-stdtiondlGhapehmdsodeasndgdrtioniof the ofibstrate is

chl aim45, wherein the at, | eagt one el ectrode strip
Bﬁﬁﬁﬁf%@s %2 BICOPd C1OsySestioBplsieReode strips that are

positioned at spaced intervals on the transparent

conductive layer such that the plurality of el ectrode

¥t rhessolanpelpamiabf dhinof S, appron thedfist grogsaseatiorel shape @ead the second

ot her alo the cylindrical axis of the solar cell.

CE%S'S???@)“?E&’&PG 8Ithe 3MS of claim 46, wherein el ectrode

strips in the plurality of electrode strips are spaced

out at even intervals on a surface of the transparent

5(70 richecsblav ecll myieof cldigh 5Shveheson dre firel drossrsettiafal sape andthe second
wherein electrode,.strips in the plurality of electrode

LRyispiape q?ﬁ%r@od% "5t uneven intervals on a surface

of the transparent conductive |layer. 49. The sol ar

cell unit of any one of clainms 1-48, wherein said

Xubidrersatae CﬁhsniaOﬁrfdalingﬁs wirmmih atleadt ni@tyGRacent ofjthed¢ragth of the

ni any one of clainms 1-48,

SRl § <Befea s B Ery Bt NtRE SRl us of 40 cPa

or greater. 51. The solar cell unit of any one of

clainms 1-48, wherein said substrate has a Young's

590 dihiesslap tell aniGpkclaim By, e’eltewn tigXirstidressssobgonat eiape isplanar and

one wherein sai d substrate is
B0 825 Rioulpd e fr 18] S BudGlie Car | " ini t of
any one of clainms 1-48, wherein all or a portion of
the substrateis a rigid tube or a rigid solid rod. 54.
6P eThesplar celbunit ofany ak ofplpiron &-58f wherginrescrossagctiged the substrate
rtiQn of the.sub Lr har ac ed by
ot pitsfoaR il Bhob B BIER" BTyl EBE BT
triangul ar crosssection, a pentangul ar cross- sectlon
a hexagonal cross-section, a cross-section having at
fledde sehlé cel} enibpkanysmeiobelainas 1499cwhersingeespssossctienofie substrate
g%uc er One % %ved %r&fone ?b The h@r (ﬁL un|t
tfetcnttdand Hal o Slatibrer 3 ?}BVF?‘? of 24 m
substrate IS characterlzed by a first cross-sectiona
shape and a second portion of the substrate is

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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characterized by a second cross-sectional shape. 56.

The solar cell unit of claimb55, wherein the first
WO28%8HEt | onal shape and the second cross-se®CT31p3¢07/006615
BRARd 298t he sane. 57. The solar cell unit of claim

55, wherein the first cross-sectional shape and the

second cross-sectional shape are different. 58. The

@&lol e sokik kellonit obdlaied 62, wWHebein Wheathiekhesabf theaabstfitd i@ thigtween 1

percent of the length of the substrate is

BRANGCBIY zed by the first cross-sectional shape. 59.

The solar cell unit of claimb55, wherein the first
cross-sectional shape is planar and the second

6:5r dlét&-sstac telbumit ofdmeldslanhs | €dsivherom the solait ellindtchas a length

e solar cell unit of any one of clainms 1-59,

tﬂﬁé?@@ﬁmﬁlépﬁgénéégpp%ﬁ“%f the substrate is

circunferential and has an outer dianeter of between 1

nmm and 1000 mm 6 1. The solar cell unit of any one of

ol Al mrteﬁﬁssexﬂbwmmpr&intga)plaraﬂtie;cbﬁ wihar@tll uhis, sadjss‘.oltaatcell unit in

s circunferent d .ha outer_dia

ol s cahanis Kiee Be Sryrarths SUmoel itof skim 1
\@ﬂ%elﬁ 'gglapgelpurﬁ Th sdid gﬁlramg %E@t‘)lgr SRS %resag‘ ch'l OJOIII) {6 rows to
substrate 1s c aract rize an 1 nner

farrh cditl cokadcélndse¢rmbly. of t he subst rate, and an out er

radius defining a perineter of the substrate. 63. The

solar cell unit of claim®62 wherein the thickness of

T iy
6372(31}?%(9:%? EQB%\SIS%I%(bJ clai m%ﬁ'%er el ﬁr(?st ﬁﬂe Ongel‘.llngaC%POSItloned

to heflesufasilight iata the phiralitgiof dolameedinchite. nm 65. The sol ar

cell unit of any one of clainms 1-64, wherein the solar

cell unit has a length that is between 5 nm and 10, 000

@“Ttﬁ@olaﬁc&?%s@émﬁt@l df c?a?rﬁ%’?bkvlﬁet‘émﬁ 'aﬁﬂe&«g Slﬁ’fat&a %E@M i¥edo that

solar cell units, each Solar cell unit

epkeadalBD¥syy of solar cell units haV|ng t he structure of

the solar cell unit of claim1, wherein solar cel

units in said plurality of solar cell units are

63 'BRIEH | béll Eﬁ%ﬁfﬂﬂff N7t YhERIThE 8itddS SrBlce $E€LAmbertian or

assembly. 67. The'solar cell assenmbly of clalim66,

diffuseher conprising an al bedo surface positioned to

reflect sunlight into the plurality of solar cell

units. 68. The solar cell assenbly of claim67,

70hel"h%'sela¥ Bai ﬁs@rﬁgg oc-flélzicuﬂ% Wﬂt?reﬁ{‘a ﬁtspﬁ‘(gﬁ’r deahie%a888Sond solar
80% 69. The sol assenbly of clalm®67, wherein

ceHemnidlibp éntqalmahfyactfesolas cct_lhmbmls r:lantrloall)darfemgsém 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 comprising:

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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70. The solar cell assenbly of claim66, wherein a
WE)il%IéOSt 63& ar cell unit and a second sol ar cell EEl tSZ(i)0r7]/006615
lit f solar cell units is electric

ar r artgen el gf 1. ceﬁ_uﬂts gkt @ﬁlg?hta@?mt%rggler F%ngéfare arranged
iﬁlc?bl%zﬁﬁf)wg“the@. fich ixﬂe{rll'afl% e§te+s_‘5}ﬁ t}fegélhraﬂw 4t BN cAl SEFIUM solar
solar cell unit 1nthe plurality solar cell "units
deH vaite at the phiraljty af salmgedl wnits peeredyl fotming 2he Sher cebllassembly.

cell unit of claim1, wherein an outer surface of the
transparent casing is textured. 73. A solar cel

< i nee ool ar abi . . e .
B R SSliy PO e Ul e SO A relKRLGr W Dlualiy of
inweirad rdflecionghashchdlomuotreir e of the solar cell unit of
claim1l1; and a plurality of internal reflectors,
whereinthe plurality of solar cell units and the

I [ ' - of~e N e :
b e g PR & Pt RORERor i said plurality of
iptetmahibdflegtood commprases e plakticicasing vaithua layet eff refledtive umté¢rsal ideposited
the, plurality of solar cell units thereby formng the
Wojaig PlagcicagiB8enbl y. 74. The sol ar cell assenbly of
claim73, wherein an internal reflector in said
plurality of internal reflectors has a hollow core.
765 . Thetselas otlhassembly afstamilSy whereal the tayeBof seflecteiermaterial is
internal reflectar in. sai lurality of internal
Robs R P ApT ous Ao P Bfeldcii®li 1 h o ayer of
reflective material deposited on said plastic casing.
76. The solar cell assenbly of claim75, wherein the
T7aylre sofar celt hsemblyeofivitimr13awhesipal intdneal reflastdrmusgid plurality of
.al umn all oy, .silver, nickel .or steel. 77. The sol ar
igisryal sdlSiions i isinely BiR made Gl aireileehve melsiak
reflector in said plurality of internal reflectors is
a single piece made out of a reflective nmaterial. 78.
TRnelleabkar celéhdsemblyeafizlaimof7, harem he refldcveimateriakis polished
ref|l ective .material .is ogished | um num al um num
i, 2YraRm PGS PrkeiRISteeh g The ol ar cel |
assenbly of claim73, wherein an internal reflector in
said plurality of internal reflectors conprises a
). dBitei solag asll aggembiyoofioldinh7 3, svhemyreareithteanateefidctdran kaid plurality of
t ape. .. The solar cel]. assenbl f.claim79, i.n
B raminigea posts SRR afenis B Sed dmdR dbe.
solar cell assenbly of claim 73, wherein a
cross-sectional shape of an internal reflector in said
§8). uFhe! sotay celf agsamblynef]claimf 7% sherein the mgtaldpiditape ¢s aluminum foil
i nvolute. 82. The solar cell assenbly of claim 73,
WPferein a cross-sectional shape of an interna
reflector in said plurality of internal reflectors is

f our - si ded; and . _ _ ,
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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a side of said four-sided cross-sectional shape is
| inear, parabollc concave, circular or elliptical.83.

W‘i’l’? %PEE rrbl y of claim 73, wherein &ZCT/US2007/006615
?r%?Fm :ﬂfélf’é‘fn T vhgked} nal reflector in said
pI ur i
D1 e or ol R A SR DR r b L ERb e eo I bR e Pl
raﬂebtéxfsmsﬁ)us-sldéda;mdon said internal reflector. 84. The

solar cell_as ly of claim?7 wherein a fjrst solar
cel | g OLsait §usél@sﬁarog%sﬁ%ﬁtwe%shanfrﬁeﬁnpw fifiise surface on said
f solar cell units is electrically arranged
IP%HgngE%KQ85 The sol ar cell assenbly of claim 73,
mhereln a first solar cell unit and a second sol ar
el t he pl ity of solar. cell units is
e"lche Ear:?@a%%ﬁmafygéf&?qlw %éaPNQF'leé} a figgh solatrellapitand @gepond solar
[ r
%Eﬁ‘"“?é RBAANG, R sofer SUTnike S rcciRAH Sk Rl f S
unit conprising: (A a.solar cell conpr|3|ng a

E@w Sa{aé cﬂ!‘“&%@%& %tﬁéﬁlie ; r@ﬁ ?nré r$h a@ar & éH‘titrf’cS‘&é second solar
&llru‘ﬁﬁ% gt?ﬂu‘aﬂ Iy of Hjas QQFEI%SQ f%@frféal?y?rﬂrfgg :ﬁallel

sem con tor junction circu erentla I'Sp sed on
said back el ectrode; and a transparent conductlve

4 |58 ulg;n%;gp qgriy?(lg{eyqf glpgg i q%cwﬁfré%%t %{rzi}rfpgﬂ ?sur(r:ltorcl)cgllthlcally

19&?Rﬁ§€d on said transparent conductive |layer; and (CQ
ransparent casing circunferentially di sposed onto
said filler layer. 88. The solar cell unit of claim

gﬁ, mﬂereln said substrate has a holl ow core. 89. The
ol 50laksall Y QOMPrisMeai m 87 or 88, wherein the

subst(rAa}taesola.?ngpg&mglflsnpé astic, metal or glass. 90. The
solar cell unit of claim87 or 88, wherein the

subst rat e xpirits,esheatiom lvostial pommreofgslae@sxbstrate is rigid and
HFS|I|cate gl ass, dichroic glass, germanium/
ER8®nduct or gl ass, glass ceranic,silicate / fused

S' l'ica gl aaslg'ackfe@&‘?rohé Wc&ﬁf@?e%tlal%“&%ﬁc?segbﬂ§§d substrate
chal cogeni de / sul phide glass, fluoride glass,

gl ass- basexseptierraluctor junction mgdtmfsxenmll)c@smc@dn galéss.
91. Theksgq ar .cell unit of any one of clains 87-90,
wher diaikEfciodeddonduct or junction conprises an

absor ber | @ﬁ‘ﬁ{spﬁ@ﬁ*t RnibARE18Rr BREINMR entiaEHispdRE bR IsMd
semiconductor junction;
(B) a filler layer circumferentially 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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said junction partner layer is circunferentially
Wdl sposeglson sai d absorber |ayer; and said abs%zj%el{szom/oowls
circunfere t| al di spose on_sai d
é{‘é@tﬁllb‘ii‘eg eSS0 et BORIE S chalgpEcaids [utphide glass,
mdaﬁird@ Mhs$,3 Hasith B, $fint!
coppe |Snd|%&r1n ga %{%é)sel ér}”gZaessaor{ reateg g'lausnctl on
partner layer is CdS, SnQ2, ZnO Zr02 or doped ZnO
3..,The solar ce unit .0 wherein the
o BFBalar fe bt Eeanyineas Slias T hals Wherdins=gmiconductor junction
Ssisal 4 i t al I ographic
o??ﬁznt atrf)eg%&% fa gkrdc?r%)r/%l tﬁf; tﬁﬁdﬁ | %gegr\?fé%f?fg“ on. 94.
The saldgunaanl pannert lapdr 1am1y01m|[ferenf1alq} disposeBdn 98d absorber layer;
mﬂerein said solar cell unit further conprises: (D) an
Atireflective coating circunferentially di sposed on
sai d stafdaﬂﬁ@t‘%leﬁ eﬁ@%fr&gnfe%tl glsﬁ@geé'bnggi!dlbaﬂnlefect%de.
claim94, whereln the antlre ect ve coating conprises
MyF2, silicon nitrate, titaniumnitrate, silicon

Foriesolie el st G Sk vﬂnem?'gtsé'efaﬁwlﬁ%m%?%c%%'pearr-m‘éﬂrr'l ~gallium-
el draki SINARRA RRFeMBfE G adf) érg% zaotr %ggzr ggg{@angno

r, 1s a radius of the solar cel
t he transparent casi ng; and houter ng is the

01 TR ol R T B ligh I iR U Srone S S gomppgeals oS having s
41h@>tcfﬁfh$1@ Fepfifc GfRAaMn COTRD-S8 ARkl drfchtabon, or no

transparent casing layers including a first

arystalbygsapbitt orieaédtiog. | ayer and a second transparent

casing layer, and wherein the first transparent casing

| ayer iscircunferentially disposed on said filler

J4ay@fe sBRd cEINEniP 6?8@/‘1)&%@@%% g3 C@ﬁér&ﬂ shi@Ys8lar 81l unit further
circunferentially sposed on said first transparent
coapirises: | ayer. 98. A solar cell unit conprising: (A) a

sol ar,gel | risin a.su erenat

cor ¢ 1B SRR Fisbfting rob e gty dliseh e Hghaigercht casing
back-el ectrode circunferentially di sposed on the
substrate; a sem conductor junction circunferentially

Wi sihesetir oell nmeobdaitm &4, odteran ¢he amticeflective 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

7
| 2

i
77ouler ring

wherein '
r; 1s 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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a transparent conductive |ayer circunferentially
di sposed on the sem conductor junction; (B) a water
WP8yS68HP | ayer circunferentially di sposed on PCHAIS2007/00661S
qiscymégranteaty dsposgscen said fildgrdayer (ami the serondelranspagent casing layer is
ﬁ‘?ﬂcﬁﬁ)‘fé_lfé&{agl';ﬂdb@oké’d &M s‘aﬁ’@ﬁ%@’tr?ﬁkg%éﬁt IRIGNa je?s' stant
ayer; and”( transparen cercunferentially
disposed on the filler |ayer. 99. The solar cell unit
of cl 8, .wherejn said substrate is a tube. 100.
MBreh & F‘%\“re lisiy comprisingt ¢l ai m 98, wherein the sol ar
cel | shape and whereinr - - |
outer(nkzéSV\}r‘%ﬁ(;X‘l:ell %bﬁﬁga radius of the solar cell; rO
i s the radiabstedte twieerdin ankepstragrottiavadsfi sagl; substehte is r1g1d and
hou{ erringis the refractive index of the transparent
NORBI%AY: 101. The solar cell unit of any one of clains
oD 10D ¢ whetRl i deliBal LRORRRISANIAShE SRR 4BER@
plurality of transparent casl ng ers. rncludin
first tr artsgeaﬂmtductasjungndnﬁgdmunﬁ“eménmlbﬂbmed on the back-electrode;
transparent casing |ayer, and wherein the first
transaﬂ? rent casing layer is circunferentially disposed
on said fi : g
‘ayer i's d FEoRy EShnA L M ef CE AR AP ALRREd G
t r anspai@ntiudesjungfidrayer . 102. A solar cell unit

conpr i.sing: (A .a s | ar cel | a substrate,
wher ébﬁ agphtgragsition | @eﬁrﬂre}ﬁn%re {lxaassa ORtlae fransparent

' onpl anar; a back-el ectrode
C@P?%ﬂln?n%eﬁtl ally disposed on said substrate; a
sem d@pduddientaypieicuinderential ydifpsedhon telwateti regisiaedayen; and
sai d ck-el ect rode; and a rent conductivye
| ayer(Bglart@E}FHaé‘?'lé SRSIA8 PYCUR §§8§ggp%ﬁpc§s@ an Mlk&h@h or
junction; (B) a filler layer circunferentially
di sposed on said transparent conductive |ayer; and (O
2. Waeesplar esli sifof clhiay 28, vdieranindid sebstratel ik ¢ tubesposed on

said filler layer; and (D) a transparent casing
circunferentially disposed onto said water resistant

108Y &he solar cell unit of claim 98, wherein the solar cell has a cylindrical shape and
wherein

r
[
2

Nouter ring
wherein
r; is a radius of the solar cell;
r, is the radius of the transparent casing; and

Nouter ring 15 the refractive index of the transparent casing.

101. The solar cell unit of any one of claims 98-100, 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
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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103. The solar cell unit of claim 102, wherein the

solar cell has a cylindrical shape r r, | outer rin
WQREAISAI6P315 radiys of the solar cell; r0 PET{U$E007/00661S

r adi dé)éfsolaﬁéelfl?%@b%?gént casing; and houtemng is the
refractiv t |
sol ar cell edgl?ﬁ?t?ﬁ %’?L %?aﬁa{%gg%%\%ﬁgheoﬁg@asﬁlgﬁ %% ¥ I?@ and
rosplanaribe. 105. The solar cell unit of claiml,
wherein the s r has. a cylindrical shape, and
wherein r.ab apg&fﬁc ??lﬁ@%ﬁﬁ@ﬂ@ﬁv qhqusgf? an SHAPUSUBIS t he
sol ar celly
casi ng:  aro Ry Sy OFLEER B L RR AL ASRREERA i
t r andpak-ekttrodes iand. 106 The solar cell unit of any
one of clains 1-65, vvherelnthet par . casi ng
conpri ses HrPSBHENCOPILRIVE (285 HEG Preeaglfshéfsmogyfépg said
i ncl légfn%n@uétbﬂ'ﬁhcﬁ dn@dnsparent casing layer and a
second transparent casing | ayer, and wherein the first
t r angBanditler lagei ¢ciguhdyrentidlyadispoued en enid trahdpyredi sgndaetive layer;
5 sai d sem conductor junction and the second

¥fansparent casing layer is circunferentially di sposed
on s t 4T r
col 1 oA e TR BRI BHR e P Said e RBRland
t r angPardranspaoerd geting eirdumyfereniial lycdisposeld wntblsaid water resistant layer.
fluorescent material. 108. The solar cell unit of any
one of clainms 1-65, wherein a lumnal or an exterior
13)‘3 I TIRE Solaf cPiuflt &ff @zﬂﬁpﬁﬂe WhefefSing Qol'a?cé?g?ats %‘%yl’i’h&xlﬂca? shape

' uorescent materi al . The solar cell unit
cI aim41, wherein t he vvater resi st ant Iayer or the
filler layer is coated wi t'h2g_TTuor escent materi al .
110. The solar cell unit of cléf % 1, wherein the
v§l¥g9§f,rate is a plastic rod. 111. The solar cell unit

claim1, wherein the substrate is a glass rod. 112.
The gvpisarradieb bf taisblantell ai m 1, wherein the substrate

Is a glass tube. 113. The solar cel]l unit of claiml,
wher &b 15 e R e Fenspaent %08t 3 t ube.

Touter ring 1S 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 i, wherein the solar cell has a cylindrical shape, and
wherein

’
ro2 “

i

Mouter ring
wherein
riis a radius of the solar cell;
¥, is the radius of the transparent casing; and

Nouter ring 1S 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 plastic rod.

111. The solar cell unit of claim 1, wherein the substrate is a glass rod.

112. The solar cell unit of claim 1, wherein the substrate is a glass tube.

113. The solar cell unit of claim 1, wherein the substrate is a plastic tube.
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