APPARATUS AND METHODS FOR CONNECTI NG MULTI PLE
PHOTOVOLTAI C MODULES BACKGROUND [ 0001] This discl osure
WPeP 68520 o phot ovol t ai ¢ ener gy absor pti on/ col PEESEH7/023779

technol ogy. In sone enbodi nents, this disclosure
rel ates to apparatus and nethods for electrically

connecti ng two 5p m I\?I @JI es in a solar

panel . [0002] Varl ous novvn |c ener gy

abFORP CONNECTING! MULCFIP L@PH@T@V@ETW@M@BQH.ES

include an array of essentially flat photovoltaic
nmodul es arranged si de-bysi de and placed in a box-1like
housi ng. Typically, the nodules are coated with a

cl ear, thernoset el asBAONGROUNDe housing is seal ed
with a clear facepl ate. The nodul es are thus typically

o001 | IHS"FASHREE Fotl, y *FRRAPEL P B Poftecin

technolggy,nde Sogte rhedeies Wﬁ%ﬁﬁécgés"tﬁﬁér%%ae%’f%i‘ap%éms @Rd methods
the housing. In sone instances, such arrangenent may

for electiigally apRREN NG Weer. Mt photawpitaic madugs inia solanpasglan

of the connection configuration could be subject to

[0002] brV¥akage kmowsepavtovoltaic Energygnabsemptien/aoeationddevites, such as
t he sandwi ch-11i ke configuration, when a nodul e or

- solar pa?fé‘lkﬂf?ﬁélb@@ afnaér'r of ésée‘-‘nti‘éll? fibf héto%ltélm?ﬁ’&ﬁhg% ﬁrrhgged side-by-

repl ace the m) or repair e connectl on rre

s a0 JASRE Al B Bl IR IS o oo

dvant ages are provided for illustrative
thermoqg,ge@aséqmg%g dbe hoBsmg is sealed with a clear facepla e he modules are

thus typically rendered immobile within a “sandwich” of materials in large flat panels.
[0003] The photovoltaic modules are often electrically connected together by a
series connection that weaves amongst the modules lying in the housing. In some
instances, such arrangerhent may have disadvantages. For example, every turn and
span of the connection configuration could be subject to breakage or separation. For
another example, due to the sandwich-like configuration, when a module or connection
fails, it is difficult or impossiblé to replace the module or repair the connection buried in
the panel.

'[0004] It should be understood, however, that the above-described examples,
features and/or disadvantages are provided for iIIustratiVe purposes only and are not
intended to limit the scope or subject matter of this patent, any other patent claiming

priority hereto or any claim thereof. Thus, none of the appended claims, or claims of



intended to limt the scope or subject matter of this
atent, any other patent claimng priority hereto or
Wgrﬁ‘)“%@ﬁ?zﬂ]thereof. Thus, none of the appended PETA{SR7/023779
or clains ofany related patent application or patent,
should be limted by the above di scussion or construed

oy rSELEGAR obIeap s 498,088 BABLFS hESpoye cussion o
cons 414 s b3, Bt 55 B6ERR SedL et awres anctor

. ,di sadvant ages shoul d be eval uated on a case-bycase _
d'Sad‘[?dg?Qe%@)@g%?W 981y 1o thesxtertyasemaytbe expressigpstarein a particular
[ 0005] In sonme enbodi nents, the present disclosure
claim.i ruathegtherabayp axemplafyadisadvertagesshould beredluatgd an a case-by-
plurality of photovoltaic nodules |ocated within a

case t5aBigfo BeReineiRHiEyRA) @%@t ai ¢ nodul e includes a first
out put contact that extends at |east partially on a

first common axis. A first electrically conductive
line is engageable with and capable of electrically

connecting the first of the
phot ovol t ai ¢ nodul es %E&%ﬁ@“ﬁﬁg comon axi s.
{0006] Various enbodi nrents of the present disclosure
[0005] 1y 41 \somae efppadimenis. die dresent; discloputs imeivesh@na apparatus for

plurality of photovoltaic nodul es di sposed within a

electrisallyacopaecting dtpluratityaof ploteloltaic Imodies idazte Wik adsolar panel.
first and second opposing side rails and first and

Each pR6RVEItaRPABHOR memd@gié ﬁrst’%thlEtséorﬁé&gt]‘nP; %?Lép?ag&ﬁ least partially

conductive line extends at |east parti

on & 808, G BRkLY o BRI EENE BB € sk toBlve win ano
Capab&bﬁ%@fﬂ@ﬁ@%@%@%ﬁﬁg il%lé] irgsyifgqetﬁétaipclp%ﬁgtgdofttrr]\g prr%Jt(s)\t/oI?ari]g modules
along the first common axis.

[0006] Various embodiments of the present disclosure involve an apparatus for
electrically connecting a plurality of photovoltaic modules disposed within a solar panel.
The solar panel includes a frame having first and second opposing side rails and first
and second opposing end rails. A first electrically conductive line extends at least
partially through, and electrically connects together the plurality of photovoltaic modules
within, at least one among the first and second opposing side rails and the first and
second opposing end rails of the frame.

[0007] There are embodiments of the present disclosure that involve an apparatus
capable of electrically connecting a plurality of elongated photovoltaic modules disposed

in generally spaced parallel relationship with one another within a solar energy
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[0007] There are enbodi nents of the present disclosure

that involve an apparatus capable of electrically
WOSARPI2Ag a plurality of el ongated phot ovol t RCE/US2007/023779

nodul es di sposed in generally spaced parall el

relationship with one another within a sol ar

absorptien gievicor ([Eachn of ahe astondeited sHotbWsitaid MERIIES includes an anode

phot ovol tai ¢ nodul es i ncludes an anode out put contact

output *&ghtaﬁ:’fttﬁﬁggx@ndbeﬁsFea@f"lb'gttt?iu&yor?ré ﬁ{éé i giﬁrg?ﬂ"gag & & cathode

and a cat e output con hat exten | east

ial,l n second, common_ .axis. A first . .
outpuf kit HyeRty e ReRAS A\ VEART RAHBLY diny dycsasPho pommany axis. A first
capabl e of electrically connecting together the )
e'eth@aﬁM@@dH%\mmedﬁt%r&ageablﬁwylthh@nd icapebleoahslectigally gonnecting
second electrically conductive line is engageable with
togethaidhe spttinde aitpet eontacisalong trunfirst comgnorogrisheX sétend electrically
anode output contacts al ong the second common axis.

cond%cﬂ@@ﬂﬂweﬁ@% igeable witheark essabie CBfSél{a&ﬁéé@ bé}%é&i@@ Jogether the

eatures and advantages which are believed to ena
' e rptJ.on or collection
anode, byt POHARPAIGR0 Me SREH OB MIEn: ages of ¢ he
resent disclgsure descri bed ahove and additi onal i
10008 ¢ ¢ Ao fenprasest dhscioses Tariares, fagyieecin agvantages which
those skilled in the art upon consideration of the
are beligvegviongnatdle di teeadwrnne splar energydabsdrption iy aoflectian technology.

acconpanyi ng drawi ngs. BRI EF DESCRI PTI ON OF THE

CharabRAistinESah@0a8varitages$ obf anengrédsemtir disclsaredatdscribet habove and
present specification, included to denonstrate certain

additiGen 96aires aﬁﬂm@feﬁgggvgli tﬁée aééc]@ggépf‘p;aﬁéﬁt & t?u%%@%%nlﬁgggclia? art upon

referenced in the _ ( Ion herern.
consid;éa[%{g@? tqr]q gbgifﬁgﬁﬁ{g@@%ﬁhg& desBHibfdn ANa®rE éTrPllnS R’ accompanying
drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0009] The following figures are part of the present specification, included to
demonstrate certain aspects of embodiments of the present diéclosure and referenced
in the detailed description herein.
[00010] Figure 1 is a perspective view of an example solar panel that includes a
plurality of photovoltaic modules mounted in a frame;
[00011] Figure 2 is a plan view of the example solar panel of Figure 1;
[00012] Figure 3 is a partial top view of multiple example photovoltaic modules

being- electrically connected by first and second electrically conductive lines in

accordance with an embodiment of the present disclosure:
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plurality of photovoltaic nodules nmounted in a frane
0001 Figure 2 is a plan view of the exanple so
‘Vb&ﬂ%%m 20F gure 1; [00012] Figure 3 is a partPQF“?%%”mzy”9
view of nultiple exanpl e photovoltaic nodul es being
electrically connected by first and second

[0001 9] ect r Fempké MA%@'HS% ERtive YRSy W‘lhﬁir?égﬁz? dcggﬁ\g?y\/‘@ B ?dbk&kstnp with

nbodi ment of the sent di sclos I gure

cuta socket
Connésc??@ IRSRREDHS 'tﬁo%“emp ogiBEhtehe Ak Wﬁwc&m. rent
i the resent, di scl osure [00014] Figure 4B is
[00013 pl odEUR A isran sepledest Hieweat theremhedinant ek ths camesgtor shown
in Figure 4A; [00015] Figure 4Cis a partial sectional
in FiguieedApf the connector of Figure 4A shown engaged with
an exanpl e photovoltaic nodule in accordance with an

[00018}bodi Figate aC ishe partkRs eBttichal 6/icds W $he CORREGDr b Blgru?e 5A shown
is a partial sectional view of another enbodi ment “of

en gag{e‘hgﬂ/ﬁ At&H exa ‘bh@ﬁi%ﬁa?@' Itan:ih rroé@écﬁ'ﬁéngé Whoéﬁ‘ ‘?nbodlment of

017] Figur I's a part sectronal view of
di rrent of a connector in accordance vvlth

the p’?ﬁ%’t"g‘ﬁéggﬁb'%di scl osure; and [00018] Figure 7 is an

iiol ated view of still a further enbodi nent of a
[00016bnneckigrre A is@pariahsectiongh viemeohaeetbet embosiroent ef a connector
' DETAI LED DESCRI PTI ON [ 00019] Characteristics and
in accatanteawiths thef prelsenpdisslesuredi scl osure and addi ti onal

features and benefits will be readily apparent to
[00017h0se Figuld & is M (RPtIA" SestiMal view of yet another embodiment of a
connector in accordance with the present disclosure; and
[00018] Figure 7 is an isolated view of still a further embodiment of a connector in

accordance with the present disclosure.

DETAILED DESCRIPTION
[00019] Characteristics and advantages of the present disclosure and additional
features and benefits will be readily apparent to those skilled in the art upon
consideration of the following detailed description and referring to the accompanying
figures. It should be understood that the description heréin and appended drawings are
of various exemplary embodiments and are not intended to limit the appended claims or
the claims of any patent or patent application claiming priority to this application. On the

contrary, the intention is to cover all modifications, equivalents and alternatives falling



consi deration of the follow ng detail ed description
and referring to the acconpanying figures. It should
WO2004e¥28t ood t hat the description herein and P&BRSAYS§23779
drawi ngs are of various exenplary enbodi nents and are
not intended to limt the appended clains or the
withinthai spiritincasoogtabethie Q4ainiat Méh&&ﬂi@nb@@rﬁ@bé'n%d@ fWthe particular
priority to this application. thé contrary, the

embol L Aol oSALEEn ol L BoegPe PS8 §5k P sooe

e clains. ny. changes ma e made to, the particul ar .
fooo2hhic i fudbe AESHrplion; Peow SncharpaRGRd; fiouiesh mman or similar
departing fromsuch spirit and scope. [00020] In the
featurgs f1ei ipdicatedh by dikkeaerdideptiealoefierenge msmeratsnabrindhe absence of a
simlar features are indicated by Iike or identical
refereneé enemeral,naree egidendbased ugon e appendéd digurdscande description
nunmeral , are evident based upon the appended figures

hereirﬁ'TWeoﬁgLﬁéf @fé Rbt Hé‘kfé%%éﬁi(yﬁo stafe éﬁ(? BERSinFE&AUNEY and certain views of
al e an C certaln

necessarily to sc ertaln Teatures an

e &35 ok Yoo Ebel A8 SR GRS 8 GRS o oty
conci senes?. It should al so be noted that reference
and caeigeResshd It shquid alsm bR Jwled thatefersnes hssaianard imdhe appended

_ aspects in a singular tense does not necessarily limt
claims k@ companentsiand| aspects iro aosingulandense oes mot mestessarily limit the
aspect, but should be interpreted generally to nean

presenndiselosiipe €0 Gifly BRE HECHs Ubﬁ?bhénﬁﬁﬂ,a@ﬁé@:t[ Bkt SholIceBE Nnterpreted
particul ar instance. [00021] Referring initially to

! e 0 o l ~arti
oenerEENS e 98 9 0 48 THAF LGRS 0GR ¥ 2Bk partcuer
instanggown having an array, or plurality, of photovoltaic

1l's, or nodules, 16. If desired, the solar panel 12

nﬁy be_used as part of a |arger system of solar panels
[00021}0t  SRef@kyNg thitiglly tafdgwesdnard Ruan gxampiaplargeergy collection or

absorption device 10, such as a solar panel 12, is shown having an array, or plurality, of
photovoltaic cells, or modules, 16. If desired, the solar panel 12 may be used aé part of
a larger system of solar panels (not shown), as is and becomes further know. The
photovoltaic modules 16 may have any suitable form, shape and construction. In the
particular example shown,.each module 16 is “elongated” because its length L (Figure
2) is equal to or greater than three times its width, or diameter, W. However, the
photovoltaic modules 16 may not be elongated and different types and configurations of
photovoltaic modules 16 may be included in the same solar panel 12.

[00022] In this example, the modules 16 have a generally cylindrical overall shape

with a generally circular cross-sectional shape to capture light from any direction.
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phot ovol tai ¢ nodul es 16 may have any suitable form

shape and construction. In the particul ar exanpl e
WORHPO0RAch nodul e 16 is "el ongated" because %§/U52007/023779

length L (Figure 2) is equal to or greater than three

times its width, or dianmeter, W However, the

Howepéptm‘émn‘i@dtﬂemM? ]ﬁéfv@aén °§mfé%lee'c‘?g%§%§&i ?gis(pape, such as

di fferent types and contigurations of \e)

s B8 N AR, 0 330078 o 08Sorkl ape, o
enerally cylindrical overall shape with a general

well 2§ desir Oaﬁ@ssm APHaforfHpRtione  Eapaxample,gthe moskiles 16 may
any direction. However, the nodules 16 may have any

have a @iytindriclike slsapesdnfacmhar ontnifacial sonfiguratioroabe otherwise designed
rectangular, elliptical, polygonal, or have a varying

to captui@sifgH @t planes bethaRRingeendVRbl fa%ihthhé |hi‘ﬁ§l rs%'ugce An example

shape and configurati on. For exa u e

onnt 53 S S 1 i g B e g vpers o
R T R RN SR

of a nodule 16 may include a bifacial configuration
Anothﬁh Sampie rpmﬂéaq@ptwgwcmayncplﬂ@t geflactedplighti ehithertzack and/or
_ produce el ectric power in response to that |ight.
sides ghthtehmodaleat® bad dight $tekingl the onoduigy 6rfeom @@yl diiction other than the
reflected Iight on the back and/or sides t he nodul e

p|anar1@qémgt|¢n ghmesﬁém[glg@g t he nodule 16 from any di rection
other than the planar orientation of the frane 20.

[00025](0)22%2 :r}} %I on. %Jacﬁﬁn%)gngzgf%?o@'t?més gﬁﬁk"én fachfagdule 16 of

i c substrate having a plurality of so

this exaplg '@?JH eg ﬁdmﬁﬁ'olaﬁ@pwéaatﬁ hadRg PeilbtaBAobsOIat cells(not shown)
ot her enbodi nents, the nodule 16 may include a

disposesher manufaciutest e te Iraotheg epnizodimieats, tleé Imetue dgemhagrinclude a
it. In yet other enbodi nents, the

monolithic substrate having one solar cell disposed on it. In yet other embodiments, the

module 16 may include a plurality of solar cells each made on their own individual
substrates and linked together electrically.

[00024] The solar panel 12 may have any other desired components and
configuratibn. In the example shown, the solar panel 12 includes a frame 20 having a
pair of opposing first and second side rails 24, 26 interconnected with a pair of opposing
first and second end rails 32, 34. The illustrated rails 24, 26, 32, 34 are each
substantially straight, but, if desired, may not be straight. In this example, the rails are
connected together with corner brackets 30 and the end rails 32, 34 each have a

concave portion, or groove, 33. The illustrated frame 20 may employ one or more
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nodul e 16 may include a plurality of solar cells each
made on their own individual substrates and |inked

WP RY20¢| ectrical | y. [00024] The sol ar panePCTUSAY/023779
have any ot her desired conponents and configuration.
In the exanpl e shown, the solar panel 12 includes a

reflecfiveaoe iRéehsud-atbeioPsiTadt oPRA abing, fs'ubﬁtaéﬂaobafcﬁkﬁwé 37 having a
side rails 24, 26 interconnected With a pair of

reﬂecﬁ*ﬁjgﬁhﬂeef %Eafébdggﬁlﬁgqﬂegtggdg%bar é?.é eﬁéct 4R thus redirect light

ustrate ral

|aII straight, but, if desired, may not be
baCk@{Bg "S‘H‘ﬁu'e?ﬂ thi s exanpl e, the rails are connected

together with corner brackets 30 and the end rails 32,
[00025}, " ¢ 5 c Fhé) BEtOYORBIETROGUIES (16 BAY berarsangedein @Y. deired manner and
illustrated frane 20 nay enpl oy one or norereflective

configaratiomcr éraskel-exabpie showhaowenithreepddedn phiotovoktdicanodules 16 are
backpl ate 37 having a reflective surface 38 | ocat ed

securétﬁﬁ pénéhﬂl %@b&%a*ﬁlleltrgla'iigﬁérﬁgtv&igg?né%t é‘r%’if‘ﬁﬁtthe frame 20.

back”to t he nodul e ot ovo

e B AR R B oy s

P oltal c nodul es 16 are secured in generally
panel J%@c eptlusiratad medyles nihigengrally swe RETBERGIUE 119, rand extend
the frame 20. However, any nunber of nodules 16 may be
betwegbnthe eed rails 82n34hd f&m@ﬂulﬂwwwaengagm irgQor dffieed to, the rails
illustrated nodul es 16 generally run perpendicul ar to,

32, 34asulthmt teeyakehotrnovablbeckiide tethesframe éiﬂor dhe aﬁBfHé'r eWternately,
16 are engaged in, or affixed to, the rails 32,

one of Abrd RHAES 1%°Fnaygﬁé‘%8vét§léat FYE e&Qn#i@éu{h’éam%ga%soﬁe may be

one another. Alternately, one or rmre

onal WEHPSfeq T B RS, 416 BBFY 0 b kBT et

8 q duallg or Qollectlvely
swiveled or tilted at angles relative to the frame 20, such as to track the movement of

the sun.

[00026] The exemplary modules 16 are spaced apart and positioned depth-wise in
the frame 20 so that light is capable of passing through spaces formed between the
modules 16 and the modules 16 can absorb light from the direction the light emanates
or reflects. For example, the modules 16 may be capable of absorbing light passing
through spaces between the modules 16 and reflected back from the backplate 37.
Modules 16 having a cylindrical or cylindric-like shape, or bifacial or omnifacial
configuration or otherwise enabled to capture the light on a plane not facing the initial
light source, may absorb light emanating or reflecting from any direction and use it to

generate electrical energy.



swveled or tilted at angles relative to the franme 20,
such as to track the novenent of the sun. [00026] The

W8T nodul es 16 are spaced apart and posiPCT3EY7/023779
depth-wise in the frame 20 so that light is capable of
passi ng through spaces formed between the nodul es 16

[oooztarﬂd t hRerarfiHg &petlicEMNtAPIGUre 4, icdith ifiigrates ?)h@h%\&fﬂbicoﬁodule 16

e light emanates or reflects. For exanple, t

_ bi . .

nlud 6 nd SeBBHo o 308" ol AEE "4l 4P P58 Second ence

43, 4 ERouiiREl."Sre By Gontacts od hpidide e piegticly thatis generated
omi faci al configuration or otherw se enabled to

by the: gprresrondirg phgtavolaicanpdaleel totn this examples thefitst aiutput contacts
i ght source, may absorb |ight emanating or reflecting

42 arer anodes/ aidr thet secorthbutmet conthotsgsnedrat eatbbdes, baklthe opposite
energy. [ 00027] Referring specifically to Figure 2,

arran@&abni malsingiead i emplsVddi CASTHIwh Wfiﬁlﬁr&%ﬁ?salrid's%?tall of the

and second el ectrical ‘output contacts 4

i : d i yely. The output _ .
exempeh? St BUBE GO afiR AR Xtens"s eB3F Pt ik 1§ GoMMich axis o
hil %ilne{]?}ied b th_ﬁ corrgs ondj % hot ovol tai ¢ nodul e 16.
while il phllee Seshpl Jllustrated | pWipub GPPIACTS: dr Bxiendat lgast partially on a

anodes and the second output contacts 44 are cat hodes,
secongugommenoaris Sidt eAaruseddearein amhyn thes appendes elaphsythd. term “axis”

As shown in Figures 3 and 4, all of the exenplary

mean§ iarliste odrmpateschaving Bswidith et #Ao aredtePfHanPaprosihiate) dbne-half its
a first common axis 50, while all he second

of t
length. ! Fu;ﬁhéﬁhﬁ@rnﬁéﬂ&%b%%@%&n%éﬁ %ﬁﬂ %er%ti@gbﬁ he example solar

partially on a seco common axi s _ ér n

panei %] ched e RS, 54 Y0 el oo 550 sl B now ang
may b%pfgLr?é iigghgllic.}iy 8C§iia%"i‘é Eoci:ltJr%ents.

[00028] It should be understood that the present disclosure is not limited to any of
the above details. For one example, each photovoltaic module 16 may include a single
output contact or more than two output contacts at any desired location (e.g.
intermediate to its ends). For another example, as previously mentioned, the
photovoltaic modules 16 need not be mounted in a frame, nor be capable of having an
omnifacial topology (e.g. capable of absorbing light from more than one direction).
Moreover, all of the above-referenced components are not required for the present

disclosure, the appended claims or the claims of any patent application or patent

claiming priority hereto.



| ength. Further information about the conponents and
operation of the exanple solar panel 12, photovoltaic

WRH/®85296 and t heir construction and oper at i #6TdIS@007/023779
know and nay be found in publicly avail abl e docunents.
[00028] It should be understood that the present

[0002d{ sc| oNgwenigtcBrtariceWitiethe SreaBit @l%cbbﬁrea?@héﬁmbefoaﬂhbsexample of
For one exanpl e, each photovoltaic nodul e

Flguré Q%Pfé%sf"oﬁé d?n I&%ﬁg%ﬂ}@ oﬁ? ggaggéﬁat% Ead? etl&ﬁncally connecting

put contac esire

termed end r .anot her e
at leasf G0l 6 o 6% SOBPKE (h0naxes 50, 54,

not be nDunted |n a frane nor be capabl e of having an
Figuresms, f4kci As 4ssbihesgin(ang. incthealappended alaims, el tegm “electrically

fromnore than one direction). Mreover, all of the

conduztive dinethnd eaciations theyreehhmeaas eanyohafarausr ef cémpohbat(s) capable
present disclosure, the appended clains or the clains

of eleétfrlcé‘Wjoﬂﬁﬁgﬁi Ie%iépiw&ﬁhbf?i%ﬁ icRRb@NEsC! @l m ng priority

her et'o 29] Now i h accordance wth the present

oo o, BB e IR o0 Sy e

el ectrically connecting at | east sone
CO"S"#HB%«/%HQ MY gisglricaly congPehat least twp @hatgvglt@l@ rgodul,eésw in any
50, 54, Figures 3, 4). As used herein and in the
deswegp'penaed Eomexampiehthe ECh 8@ eyt be adlexible ondigict metal wire or strip,
line" and variations thereof neans any material (s) or

or a sefepahersiof s3ol¢aeablocatobast B bhtg@lt lcontaRt 14D Iﬁtthé Mbodiment of
two photovol tai ¢ nodul es. [0003 The electrically

FiguresCP aHatd, \Eritst ES)nL( gz%%/deg@ 3t B Q IS‘i’) | along the length of

onstructlon ca Iy connec

R e N T .
each of tﬁwe f?rgt gutpuP contacts 42. A second ECL 68 is similarly situated with respect
to the second common axis 54, second end rail 34 and second output contacts 44. |t
should be understood that the first and second ECLs 64, 68 need not necessarily each
be a single wire or strip, but may instead each include a series of electrically conducting
wires, strips or other members.

[00031] Referring now to Figure 4A, the first ECL 64 of this embodiment is a bus-
type connection line 66 that includes a metallic ribbon 67 extending through the length
of the end rail 32. The illustrated bus-type connection line 66 electrically connects a

plurality of leaves, or output contact connectors, 70. Each exemplary connector 70 is

capable of engaging at least one output contact 42 (Figure 3) of at least one



or a series thereof, soldered to at |east two out put
contacts 42. In the enbodi nent of Figures 2 and
WPi2PeH06p2) 64 extends on the first conmon axis 5@“1&8?‘813@23779
the length of and within the first end rail 32 of the
frame 20. The first ECL 64 electrically couples each

photo%ltéiP?n%d'juléﬁ@uﬁr@ﬂlu%ﬂkg‘g%e@?e OrpReRsy I|E§§66§n& tonnectors 70

situated Wt to the seco

T e

ECLs 64, 68 need not necessarily each be a single wire
[00038] st r Whenpincludgd,i the sganeeters i 7k Inaye haveeangssitable form and
el ectrically conducting wires, strips or other

construetibey and nt@\08leLtrikally engage niosvBCL 60 @amdephblovditaic Madille(s) 16 in
ECL 64 of this enbodinent is a bustype connection |ine

leaina u | | b
any sBiebfsharneh V355, R e ECENal] QHFBERIED may go fomed

mtegerlﬂﬁlr{ ?%‘?nydi eéiﬂvcgcfshr{égﬂfdog? mf‘e%l&i%cﬂ {) %nwgbéag%ent. In the
oo ST AORBTEL ot bR o TS 74 g
onephot ovol tai ¢ nodul e 16. The illustrated bus-t

ype
leaveg dhriecd.iFdaune 4B) Hhat sricnpcardefotrairto@ngagemsent vdth an leatput contact
anode contacts 42 of the nobdules 16 in a common |i ne.

42 of [f0pRGYoltkie modaleuti de.gt FigurerdG)ct by andiBereymbitlident) eferring to
sui table formand construction, and may electrically

anuréagmd%cﬁﬁb(ﬁﬂcms@ I EPA&&E"?S gﬁ@ﬁgg%léhm%ai iga&¥ne output

sul t abl e manner. For exanp

oppect 0] sin

contafioAe=c: . If Bl o PeditgRedre dndfluds 5 8B member 80

e ‘? I n the enbodi nent shown, the illustrated
engagesh %wﬁ&m@sﬂwf@%ﬁ% of the ouiprb EpRIazl4BaFPREXamAIRs she output

76 (e.g. Figure 4B) that crinp or deforminto
contaeinga gease haveiat heast anet aldercpoinh84 that engages an at least partially C-
shaped portion 86 of the curved member 80. In yet another embodiment, referring to
Figure 6, the connector 70 includes a button contact 85 engageable with a tip, or button
contact, 87 of the contact 42. In still another example, referring to Figure 7, each
connector 70 may include a socket 88 (e.g. akin to the type of socket commonly used in
overhead fluorescent light fixtures) that engages at least one prong 90 of at least one
output contact 42.
[00033] The connectors 70 may be disposed within the solar panel 12 in any
desired manner. For example, a row of connectors 70 may be integrally formed with the

corresponding end rail 32, 34 as a single unitary body (not shown).  For another

example, a row of connectors 70 may be integrally formed in a unitary body (not shown)
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42 of a photovoltaic nodule 16 (e.g. Figure 4C). In

anot her enbodi nent, referring to Figure 5, the
WOSHEPBP 70 i ncl udes a receptacl e 78 engageaBlC&d/UsRqw/023779

at | east one output contact 42. In this enbodi nent,

the receptacle 78 includes a curved nenber 80

that .saaww o efmbeddedneethB@rd ran 3923af  fMMpe®MHbediment of Flgure
C

ontact 42. For exanple, the output contact 42 may

on. SRS o0 B3 BRI ey o B RESIRT A an ner
orsod B 2 bR IR R 4 o o 2

85 engageable with a tip, or button contact, 87 of the
The Ilb@tfasﬁﬁ sacket |srip O is designedrtosseowpe the conrectdrsy7@ in the frame 20

Figure 7, each connector 70 may include a socket 88

at prefletaymirmdd spacing litetvapetotorsesparid withnine byleniation iof the contacts 42
overhead fluorescent light fixtures) that engages at

(e.g. Frgaﬁé B?meI'HH 065¢Ekel Gtih 93! %ﬁ@%éﬁgé’&gré)‘?'b Ryt h%oﬁaﬁﬁﬁlteﬁs;erve to both

The connectors 7 | spose

s B AR b A o PR T i)

orreSﬁondl ng end rail 32, 34 as a si ngae uni tary body
[0003¢}ot shB@n§OC rStHHOQBanaé/xé\@NBeanM silanie fosmneeanstrsiction and

70 may be integrally formed in a unitary body (not
configuration. t lnathei @mbadimgnt ofiHigurer 44 nthedsbetet strip 9hmckuabs cavities 94
rail 32, 34. In the enbodi nent of Figure 4A, the

withincwhietcther 8orifedo® Ybeareusedtege Aﬁﬂiﬁ@ﬁél' §ﬂadésﬁ@1cﬁﬁsrﬁfvﬂw) may be
| ocated within an |nsert or socket strip, 92 that is

neces@ﬁ ﬁfg?”%@@nﬁl%ﬂé”ﬂ? {é@io’[ﬁ:aﬂgk ?ﬁ&‘ltlc?tﬁleog@e@ fdd.St In some

emboﬂﬁ?%ﬂ@u & ARS8 S BBt ol bRl suon o

the orientation of the contacts 42 (e.g. Figure 3)
rubbefrh@ &flitate §ngage©2nbmth:mﬁ1@@rr@saon®ngfench.r@ll e'searﬂﬁ eelectrically
serve to both

insulate the ECL 60, assist in reducing stress applied to the modules 16, facilitate
seating of the connectors 70 and/or their engagement with the modules 16, or any other
desired purpose. In other embodiments, the socket strip 92 may be constructed of a
rigid material, such as to provide rigidity to the end rails 32, 34, assist in maintaining the
desired positioning of the modules 16, or other purpose. Likewise, the socket strip 92
may be constructed of a semi-rigid material, such as foam, or have portions of differing
rigidity and flexibility.

[00035] The socket strip 92, when included, may be engaged with the solar panel
12 in any desired manner. For example, a socket strip 92 constructed at least partially

of rubber or foam may be glued inside the associated end rail 32, 34. For other

11



electrically connect and nechanically hold the nodul es

16 in position in the frame 20. [00034] The socket
WO2P9896820 gy have any suitable form construcPCEASHF023779

configuration. In the enbodi ment of Figure 4A, the

socket strip 92 includes cavities 94 within which the

n . N | . «
examg%mﬂﬁé rgrgc):jkeg%trﬂ:é gggﬁ%\? 9@ fporrégtg F%ngmr%gh?& R Shid éﬁtﬁ%e associated end
rail Sél %ctri cally conductive line(s) 60. In sone

r;fxoodi ments, the socket strip 92 may be constructed of
flexible material, such as rubber, to facilitate
[00036} gagetedfsifgd; Pnener sredopenanisy ey bajassaciategh with the socket
electrically insulate the ECL 60, assist in reducing
strip 92, rcannieatops i76d monlulés: 16pchils 41, PG, 3RaBH] ot atye combination thereof to
of the connectors 70 and/or their engagenent with the

allow 1Rl wh&fuld$ 1690 & YndaBle. dEdk %ﬁgnﬂéy, T orleht& Ty e included to

enbodi nents, the socket strip 92 constructe

Do i < At _ .
cutorfaal TS neSHERLRS, 1 RS IR AR Yubtabf. suen as 1
vaok B BN e S Bl £ 5 B2 B8 ctianred n any
.sem-rigid material, such as foam or have portions of
positien of @ngnigrrrelgtionshipaietativiectoi thiel raily 24 @6038)] 42has donk as they are
strip 92, when included, nay be engaged with the sol ar

electricalig todRedtod avithirg esrito cat loastrette raflor exanpl e, a socket
strip 92 constructed at |east partially of rubber or

'[ooosggémFﬁméhBEm%élﬁSt 'd;@h@'t d B&taﬂﬁ%@&bﬁétﬁﬁct@gdanr{iosb;g%éﬁon of the first

or ot herexanp e socket strip

S e R N B pe—

’

rm@y be associated with the socket strip 92, connectors
as apRFPriRiRy P dae seconthECs. 6810f this embodimentor any
conmbi nation thereof to

[00038] The electrical energy, or voltage, from the modules 16 may be
communicated by the electrically conductive line(s) 60 from the solar panel 12 in any
desired manner. In the embodiment of Figure 3, for example, the first ECL 64 connects
all the (anode) output contacts 42 of the modules 16 to a common anode terminal 96,
such as a commercially available male or female electrical plug or socket (not shown).
Similarly, the second ECL 68 connects all the (cathode) output contacts 44 to a
common cathode terminal 98. The illustrated modules 16 are thus connected in
parallel. In this manner, the electrical connection between the modules 16 of this
example is defined by two bus-like connections embedded within the framework.

However, the present disclosure includes embodiments having one or more electrically

conductive lines 60 engageable in any suitable manner with any desired number of
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all ow the nodules 16 to be noveabl e. For exanpl e,
conponents may be included to autonmatically sw vel or

WP 2008/46p0pdul es 16 to vary their angul ar ori @&TAS2H/023779
such as to track the novenent of the sun. However, the
nmodul es 16 may be configured in any position or

electn@mml]tpﬂt tentatisoaisphatoveitait invedules t1ee Fei brarfle, Zﬁne Q@L 60 may
as long as they are electrically connected with

electn&ﬂl ridict S6RR! ofciﬂﬁ dt@?]tgtcdn‘?%&ﬂ]z |h3hé tﬁPé{'e?\obr%llgg %ﬂnle another

e detalils o ructi on and operati on

i ISt 64 of . thi odi ed above d

ECL 6@@&%&1"?%/ Knetsothgp B Hecoa otacs é‘édng B¢ sdre i
the second ECL 68 of this enbodi ment. [00038] The

[00039); ¢t Acerdinglyr @pparatuses eagemethasis usefubiar @leetricallyrapnnecting
be communi cated by the electrically conductive line(s)

two orgoofe photdveltaicl modplesdh &l 8olian pang! drs desclibaainn€hesd apparatuses
t he enbodi nent of Figure 3 , for exanple, the first

and mﬁ%@hé\‘i@ BRELST Mble Ohend FoIRMANG AtriBUtesS ‘éﬁgéﬁﬁ|ﬁe§f%r ¥atures: an

t he nodul es 16 to a common anode term nal such

electn@c?lcéﬁm%rcﬁ kA atai}%% ﬁ?%%g@aggﬂqhgﬁ@zlﬁ%h\o?gmg gciolar panel

68 connects all the (cathode) output contacts 44 t

along 8.¢RBMOR. X8 8Nt !leFY '%%'I Cefnecting @ffﬁitu@ﬁﬁhm Qlﬁimat%@ pi\@tovoltalc
are thus connected in parallel. In this nmanner, the

modules eaft ai selar qanekdn | drgenerakye stratgit rpath) es bus-type tdonsection that
exanple is defined by two bus-1ike connections

conneetstadittecanvdeh¢cantatis dfr ed phoeoveraic. mbbgleB'i® 2eedmmon line; a
di scl osure includes enbodi ments having one or nore
0] i .
bus B e rgceds %%yt JES3E CORBRREE B protooltc

rosi 55 B e A P ol .oeowﬁsccpngsﬁ@ o the anoce

he out put contacts 42 |n the first end rail 32, while
contacghcgfhg} photovoltaic modules in a common line and a second bus-type

connection that connects all the cathode contacts of the photovoltaic modules in a
common line; electrically connects photovoltaic modules within one or more structural
member of the solar panel; electrically connects photovoltaic modules within one or
more rail of the solar panel; electrically connects the photovoltaic modules in parallel
within the end rails of the solar panel; electrically connects elongated photovoltaic
modules; electrically connects photovoltaic modules capable of absorbing solar energy
from any direction; electrically connects photovoltaic modules capable of absorbing
solar energy from more than one planar direction; electrically connects all photovoltaic
modules of a solar panel with one or more electrically conductive line of minimal length;

is reliable and easy to manufacture and utilize.
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ECL 60 electrically connects other of the output

contacts 42 in the sane rail 32. [00039] Accordin
wappY%P¥8es and net hods useful for eIectricaIP?TﬂszWmZy”9

connecting two or nore photovoltaic nodules in a solar

panel are described. These apparatuses and net hods

[00040pVE FRbBAINTENS d?fthbhﬁrefs%h{ Y%c‘i&ﬁé ttﬁ{:? dvantages over the

capabl Itires or features: ectrica connec

re 5 AR S 2 b A O oo

st _two el ongat ed photovoltai c nodul es of a sol ar

Howe\ﬁ%{ngpc gf g’]eg@mqrmgq dyclaimsdg ot prauire eaghuel thg gemponents and acts
connection that connects all the anode contacts of

described rapmvedandhds dv aict aiay limited de the abovestescribedeembodiments and
bus-type connection that connects all the cathode

method@%faéé%mblyeé@@%e@ﬁ‘ncnhmm;ﬂ'dr@ Br TR6NE! 86 the a%o@?”@i@ﬂponents

line; a first bus-type connection that connects a

eaturdd B RSB8P B € B Bt nctusin

cts al thode ont acts of the ovol taic
of oGBS SBibonebli EaR, andcbEssesn MgracuRdhe dresent disclosure
) otovol tai c nmodul es within one or nore structural
'nClUd&eﬁQ@lﬁIOBal features, capapilities; functions,irathogdscuseseand applications that
phot ovol tai ¢ nodul es within one or nore rail of the

have rext|beenpspegificatly addressedl hereimbetcare, ohwilbbetsve) apparent from the
nodules in parallel within the end rails of the sol ar

descn@tﬂﬁﬁhere% qRé ﬁéhb @IPJWiﬁﬁS %n@'éPeﬂﬁ%t ed photovol taic

nodul es; elec rlca y conhects photovol taic nodul es
00042220 1he2 e RER 5080 Ay Il b G bl ano any
other yéiBods oRnicB) gy faLMgiiEs ﬁg‘éé&e&anf”m%&%@%'@ﬁSSé colaims can be

nodul es of a solar panel with one or nore electrically
performed dneény desired suiablei oridenand angniot necessarily limited to the sequence
described herein or as may be listed in any appended claims. Further, the methods of
the present disclosure do not necessarily require use of the particular embodiments
shown and described in the present application, but are equally applicable with any
other suitable structure, form and configuration of components.
[00042] While embodiments have been shown and described, many variations,
modifications and/or changes of the system, apparatus and methods herein, such as in
the components, details of construction and operation, arrangement of parts and/or
methods of use, are possible, contemplated by the patent applicant(s), within the scope

of the appended claims, and may be made and used by one of ordinary skill in the art

without departing from the spirit or teachings of this disclosure and scope of appended
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is reliable and easy to manufacture and

utilize.[00040] Enbodi nents of the present disclosure
WORN/$P28r advant ages over the prior art and EF&/URR7/023779

adapted to carry out one or nore of the objects of the

di scl osure. However, each of the appended clains do

claimsnThus eajuniattee hereinfset Rt onplacwen tirs trandcgsthpa trawiflgs should
above and is in no way linmted to the above-descri bed

be integﬁ’fg?gd'rj 'é%’ﬂlﬁstg%i@enﬁhﬁ e s@Bpé‘%’F?rﬂ?'dYs’c?t?Egjrg %‘?\B%bﬁéj)peﬁﬁ)éd claims

nor e the above conponent's atures a

esse be empl.oved in ar ui tapl e .
should ot i e d B i eBRuRiaTts H8sEibest i RBoa nerein.
conponents, features and processes. Mreover, the
present disclosure includes additional features,
capabilities, functions, nethods, uses and
appl i cations that have not been specifically addressed
herein but are, or will becone, apparent fromthe
description herein, the appended drawi ngs and cl ai s.
[ 00041] The nethods descri bed above and which may be
cl ai med herein and any ot her nethods which may fal
wi thin the scope of the appended clains can be
performed in any desired suitable order and are not
necessarily limted to the sequence descri bed herein
or as may be listed in any appended clains. Further,
the nethods of the present disclosure do not
necessarily require use of the particul ar enbodi nents
shown and described in the present application, but
are equally applicable with any other suitable
structure, formand configuration of conponents.
[00042] Whil e enbodi nents have been shown and
descri bed, many variations, nodifications and/or
changes of the system apparatus and met hods herein,
such as in the conponents, details of construction and
operation, arrangenent of parts and/or
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nmet hods of use, are possible, contenplated by the
gatent applicant(s), within the scope of the apEended
128984$9528nd may be made and used by one of or CA4SY007/023779
skill in the art wi thout departing fromthe spirit or
teachings of this disclosure and scope of
appendedcl ai ms. Thus, allg gr herein set forth or
shown in the acconpanylng aMAngs should be

i,nter | ust nd..t he
I ool BpEParAihs for Sed Al Forfafind & iR, otiglo fottaic moduies
limted to the enbodi nents descri bed and shown
located yyithim agolaneanel, eachhphetoxeltaic mpdue davingcafirsy output contact, the
connecting a plurality of photovoltaic nodul es | ocated

pluralityi afrfinst autpeit @ontaots extenaliriy ahlgasy pattilly orodfirst temimon axis, the
a first output contact, the plurality of first output

appéra}ggb@ﬁ{pﬁlsmg endi ng at | east partially on a first
onmon aX|s the apparatus conprising: a first

l ectr,
Sa‘?‘f. o 13 Bl ot Fel e e BB e ab iRty glong the st
garawsrhgﬁéﬁa?%rv'aﬁea@' ¥ o6 B e Sesalbeo iy RE Tpruseraageable with
of first output cont acts of the photovol tai c nodul es
angriganakde of elactieatiyipragcting the phusality i fisstueutprt coatasts of the
1 wherein each photovoltaic nodule is elongated. 3 .

Phetavoitaicanodules atbreg theirshesranoreads, first out put
contact is the anode output contact of the respective
correspondi ng photovoltai c nodul e, whereby said first
el ectrically conductive line connects the pIuraIity of

Qﬁglt ?n 'e&#eéaégﬁg%égﬁa {Fﬁ %%g%p %ﬁch Dliatay @?taacor%?)hg e48 eidngated.

cat hode out put contact of the respective correspondi ng

phot ovol tai ¢ nodul e, whereby said first electrically
conductive |ine connects the plurality of photovoltaic

Podul dhei apparatud ef claim 2 wherein each first output contact is the anode

output contact of the respective corresponding photovoltaic module, whereby said first

electrically conductive line connects the plurality of photovoltaic modules in parallel.

4, The apparatus of claim 2 wherein each first output contact is the cathode
output contact of the respective corresponding photovoltaic module, whereby said first

electrically conductive line connects the plurality of photovoltaic modules in parallel.

5. The apparatus of claim 2 wherein the solar panel includes a first at least
substantially straight member, wherein the first common axis and said first electrically

conductive line extend at least partially along the length of and within the first at least
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5. The apparatus of claim2 wherein the sol ar panel
includes a first at |east substantially straight
W05 20herein the first common axis and sai #CH{US3q07/023779
electrically conductive line extend at |east partially
along the length of and wthin the first at
substantiahy stiegnirember, rideiviiyreie BRI ﬁ,rs@néiewi%éﬁa{)rboﬁab@tive line is
first electrically conductive line is engageable with

c b 0 t L [ t T teye:
engagBRBe AR 2 arddthe & BRCliealf [EFseliy e PhijdiRy drfrst outpu
ubstanti al | trai ght nmher, 6. The apparatus of
contacly yﬁhi@hﬁﬁﬁ?%?ﬂe%%c%béfaﬁ'ﬁﬂy straiokt m%;“fef?f phot ovol tai ¢
nodules is in generally spaced parallel relationship
with one another. 7. The apparatus of claim6 wherein
the sol ar panel includes a frane having first and
Second hepppparatus iofieclain 15s whedeihi each ahdhe qitunadity of photovoltaic
opposing end rails, wherein said first electrically

modu||é§isdihcgéne$alw é@c@ﬁtﬁd}aﬁeﬁémﬁki@%ﬁipwm orié hofhlePng the

ength of thHe first end rail and electrically connects

the plurality of first output contacts of the
plurality of photovoltaic nodules within the first end
rail. _8. The apparatus aof claim5 further incl udi ng} a )
gl ur alli mareﬁ%ﬁf&l@ﬂs? vhrRinsieslanprRal diclydesg frame having
] capabl e of electrically engaging at | east one of the
first and secondopposiogreide railsHand Hissipand secoyd oppphingoend railsg wherein
nodul es. 9. The apparatus of claim8 wherein each said

said firsbeleeticallyicondudip lirie Extentis @n fedst partiyiong tHe lehh of the first
apparatus of claim8 wherein each said connector

end raig@%@%&\tfﬁgyg%ﬁhegﬁ%{ee@ﬁglwpi;{iﬂs}-ougnglfl GRR gg:dsfsthgfplurality of

In ea out con

photooRiER AR IncRGLBRgRL WTn e Gaet <M

8. The apparatus of claim 5 further including a plurality of connectors, each
said connector being capable of electrically engaging at least one of the first output

contacts of the plurality of photovoltaic modules.

9. The apparatus of claim 8 wherein each said connector includes at least

one leaf member.

10. The apparatus of claim 8 wherein each said connector includes at least

one receptacle.
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one prong of at |east one first output contact. 12 .
The apparatus of claim8 wherein said first
WeIZA46)241 |y conductive line and said plurali #§Ta52007023779
connectors are interconnected by snappi ng engagenent.
13. The apparatus of claim8 wherein said plurality of

qnnecﬁﬁéfépbasratd%t&%lﬁiﬁ s wWHYrER%ddh 6t t étmﬁrdmaﬁ%té&s includes

The apparatus of claim8 erein the |rst at

s A s S TRy BRI e

sed wwthin at | east one concave portion of the

oné prf)f‘gg agf east gne figghputRiHtGORtaG). st rai ght nenber. 15. The
apparatus of claim 14 further including at |east one

insert disposed within at | east one concave portion of

the first at |least substantially straight nenber, said

aR. | edHe apwarafiResf claif® Bwﬂhérﬁlrﬂ!sauhQﬁ‘éitteléétﬁcélﬁ)/bédhuctlve line and
wherein said plurality of connectors is disposed

i PO B inh s BESBR Ry cidhnie goRhE ©

ne-ins
constructed at |east partially of rubber.17. The
apparatus of claim 14 wherein said at |east one insert
I s constructed at |east partially of foamand is gl ued
t18- t hd he arparaius efglaing @b\yhamn apidyplyrality ghcomrenters. is integrally
18 . The apparatus of .claim 14 wherein said first
formectinez unitayi bgdyconducti ve line is di sposed within at
| east one said cavity of said at |east one insert. 19.
The apparatus of claim 1l wherein each photovoltaic
nodul e i ncl udes a second output contact, the plurality

9l Seqpdappimils 6P AR & R&EIHD ik 415858 BBHAXAN straight
member includes at least one concave portion, wherein said plurality of connectors is
disposed within at least one concave portion of the first at least substantially straight

member.

15.  The apparatus of claim 14 further including at least one insert disposed
within at least one concave portion of the first at least substantially straight member,
said at least one insert including at least one cavity, wherein said plurality of connectors

is disposed within at least one said cavity.

16.  The apparatus of claim 14 wherein said at least one insert is constructed

at least partially of rubber.
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on a second common axis, further including a second

el ectrically conductive line extending at |east
WP2P/%P3%) al ong the second conmon axi s, wher elPRT{HR007/023779

second electrically conductive line is engageable with

and capable of electrically connecting the plurality

af7. secCldedappanatius obolaitist whergin shitl aeleaston® imgant is constructed
axis. 20. The apparatus of claim 19 wherein each first

at lead? PRy a0 i T RPER 115! Al badtthinll Hifight member.
second output contact is the cathode output contact of
the respective correspondi ng phot ovol tai ¢ nodul e,
WQﬁre said first ﬁnd second electrically conductive =
IMi%e ciifnaeraratysobelaim lid; yherein gaidtist elsiclricalin @oadugtive line is
_ parallel. 2 1. The apparatus of claim20 wherein the
disposeg| withip at igast oo saisscavityxf saidiatleashohaxinsedast
substantially strai ght nenbers, wherein the first
conmon axis and said first electrically conductive
line extend at |east partially along the I ength of and
¢ hi . _ Lo L : .
S perneaapPaatis, B e | BT BelB poidldiEiGodyle includes a
cond electrically.conductive |line extend at | east :
second SR cBpai ohg Rt eont SutmitiGobHcts eBhdingciideast partially
| east substantially straight nenber. 22. An apParatus ' _
on a ggpRMl Ccommeneaxipi dather dohuding i agsesopruelectricallyfconductive line
el ongat ed phot ovol tai c nodul es di sposed in generally
extendimgcatd lgzst apantiblly edlang athehispcond hcommoanakise rwhvéreln nhe second
sol ar energy absorption device, each of the plurality

electricdllyedonuatios iR & eNgadetitte WAL cARLIS of _élélcl?ryit%gg connecting the

output contact that extends at |east partia
pluraiy di oS R ConiaY aBrEThg SeEo R EBMINGTANET axi's,

t he apparatus conpri sing:

20.  The apparatus of claim 19 wherein each first output contact is the anode
output contact of the respective corresponding photovoltaic module and each second
output contact is the cathode output contact of the respective corresponding
- photovoltaic module, whereby said first and second electrically conductive line connects

the plurality of photovoltaic modules in parallel.

21.  The apparatus of claim 20 wherein the solar panel includes first and
second at least substantially straight members, wherein the first common axis and said
first electrically conductive line extend at least partially along the length of and within the

first at least substantially straight member, and wherein the second common axis and
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a first electrically conductive |ine extendi ng at

| east partially along the first comobn axis, wherein
WQ&PWQ‘E?& el ectrically conductive line is en§&d@d®p90e/023779

wi th and capabl e of electrically connecting together

the plurality of cathode output contacts along the

s b IR BB SREAPKRES! sk Yong e g of and
.. second ¢ n_axis rein.said second electrically
witin 155 88T AT BAES ey SUBiR erBeha capabl e o
el ectrically connecting together the plurality of
anode output contacts al ong the second common axi s.
23. An apparatus for electrically connecting a

@aur alAn yapparatustecapabteniot etexiridcally cormeting avipiuralityaof elongated
sol ar panel, the solar panel including a frane that

photo\;gdufalidldﬁédlﬁlbésaisgageéeiﬁpgén@mwgmeﬂt rafidl!| fel&fthship with one

irst and second opposiifig end'ra e apparat us

0 [-Si.ng; t nhot | taj,c .es
anot WAl R%o, RSN Gt BEvERBRUR. iy RS ot etongated
photofq?qgtg:m &9?1@ Str%%/tirgg aﬁnd e&&ﬁéu}naqeqlrﬁgét%%féhgn%gp Ilcja(ezitstI ;\)/grtially ona
. el ectrically connecting together the plurality of _
first compiasy axisafnd b gathaslenbutpub costadt dhst estiepdanainigashpartially on a
first and second opposing side rails and the first and

second eoonton @RIss thgapparatws ¢ompfisihnge frame. 24, An
apparatus for electrically connecting a plurality of

FH“QFrﬁVﬁiéc%iié“allgF%’flu tidh SRS éﬂdiﬁ%} Mt |23k %aéﬁé\ry?!aiong the first

the sol ar pan Including a frame Yhat 1 ncludes first
commgﬁg%ﬁg,ﬁg)ﬂgﬁﬁﬂ f%ﬁ{j gﬁrsf iggeecg{g%éﬂyz?(ﬁgoducﬁiivé }neapsd e%S&&é‘é%le with and
capable of electrically connecting together the plurality of cathode output contacts along
the first common axis; and

a second electrically conductive line extending at least partially along the second
common axis, wherein said second electrically conductive line is engageable with and
capable of electrically connecting together the plurality of anode output contacts along

the second common axis.

23.  An apparatus for electrically connecting a plurality of photovoltaic modules
disposed within a solar panel, the solar panel including a frame that includes first and
second opposing side rails and first and second opposing end rails, the apparatus

comprising:
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conprising: the plurality of photovol taic nodul es

bei ng di sposed within the solar panel in a manner that
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photovol tai c nodul es relative to the solar panel; at

| east one of the photovoltaic nodul es including a

tueabt bye aff thel photowdifaic hivtiuled inctuding @ pRFality of solar cells that

substrate; and a first electrically conductive |ine
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opposing end rails of the frapne. 25. An apparatus for
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opposing side rails and first and second opposi ng end
rails of thid fsamthe apparatus conprising: at |east one of the
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electrically connecting together the plurality of
seconghopposing side maitkilaed fiist lind, secordapposing end rails, the apparatus
comprising:

the plurality of photovoltaic modules being disposed within the solar panel in a
manner that prohibits rotational movement of the plurality of photovoltaic modules
relative to the solar panel;

at least one of the photovoltaic modules including a plurality of solar cells that
share a common substrate; and

a first electrically conductive line extending at least partially through, and
electrically connecting together the plurality of photovoltaic modules within, at least one

among the first and second opposing side rails and the first and second opposing end

rails of the frame.

25.  An apparatus for electrically connecting a plurality of photovoltaic modules

disposed within a solar panel, the solar panel including a frame that includes first and
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anong the first and second opposing side rails and the
first and second opposing end rails of the frane
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second opposing side rails and first and second opposing end rails, the apparatus
comprising:

at least one of the photovoltaic modules including a plurality of solar cells that
share a common substrate;

the plurality of photovoltaic modules being configured to accept light from more
than one planar direction and produce electric power from light received from more than
one planar direction; and

a first electrically conductive line extending at least partially through, and
electrically connecting together the plurality of photovoltaic modules within, at least one
among the first and second opposing side rails and the first and second opposing end

rails of the frame.
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