Sol ar Cell Mbdule The invention relates to a solar cell nodule and a
met hod to produce a solar cell nodule. Background of the invention In
conventional solar cells, the front contacts provided are nade of
netal. Solar rays that fall on these front contacts are reflected and
| eave the respective systemw thout being able to inpinge on

i ndi vi dual mmt/apaald o7flsse photons are thus |ost for thepuwpose wo
of generating photovoltaic power. Photons that fall on '"contact )
fingers" are S T AN FAR - T Whot'ons that fal | orf st 4Had 1
are neither optically nor electrically active, i.e. areas between
solar cells or towards the edge of the nodule, are also lost. In
"thin-filmnodul es", there are al so | osses due to shadow ng effects.

When solar cells are serially cayiegt @it MSidigsults in surface
| osses of approximately 5 - 10 % of the overall area. Theoretically,

t hese | osses could be reduced to 2 % Mreover, in thin-film nodul es,
bet ween one and two of the outernobst solar cells are not connected,
whi ch neans they are not electrically active. Research is already
bei ng done The optvyarsiidgn | nplaves cont actsddamdscelln mddlisleoandchi ogthod

reference i nade to %hgoq%gug%ﬂﬁ %%dFQ%z/0125415 A, which proposes
structuring thé contact "bands Tin a meébe shape. This structure is

al ready being inplenented in the industry. Furthernore, the Sunage -

2 - Background of the invention

In conventional solar cells, the front contacts provided
are made of metal. Solar rays that fall on these front con-
tacts are reflected and lezve the respective system without
being able to impinge on individual solar cells. These pho-
tons are thus lost for the purpose of generating photovol-
taic power. Photons that fall on “contact fingers” are also
lost. Moreover, photons that fall on surfaces that are nei-
ther optically nor electrically active, i.e. areas between
solar cells or towards the edge of the module, are also
lost. In “thin-film modules”, there are also losses due to
shadowing effects. When solar cells are serially connected,
this results in surface losses of approximately 5 - 10 % of
the overall area. Theoretically, these losses could be re-
duced to 2 %. Moreover, in thin-film modules, between one

and two of the ocutermost solar cells are not connected,

which means they are not electrically active.

Research is already being done to optically improve contact
bands. In this connection, reference is made to the docu-
ment US 2007/0125415 Al, which proposes structuring the
contact bands in a wedge shape. This structure is already

being implemented in the industry. Furthermore, the Sunage



conpany is engaged in a project to apply a Lanbertian radi ator
coating to the areas between the solar cells. Usually the structures
of the contact bands reflect incident photons in a highly

angl e- dependent manner. They are usually optim zed for vertical
incident light. Under real conditions, however, it is very rare that

direct vertdgary g atfaepld KOG Wi idbSist epityhal deniott v e-44 -
track the light source. The Lanbertian radi ator used by Sunage does
not have t MR E% dge BithSd SEatteemiary i9a e lednesldis -every
angle of incomng light. However, the project is limted to the areas
bet ween the solar cells and does not deal with correspondi ng cell

connect or s Usid Idont'det FrAgEFdren Phe Thesprnttart sbprads carIfs ecunmedy
of the inveptiton,died HVent Lom iehiat es peﬁdéfpé@aer?@'dﬂnam?gylemey are

consisting of a base wth photovol taically active and
phot ovol t aivealaly vi e indzed ef8ri Newiich latinamantonkiglat t Endeg real

el ement Wi y0f; dWhiouty elect r ompgneli G s Tl. 1S @1‘15@”8?%@90‘(]%'1% al
| east one photovoltaically inactive area of tHe base or a cel | Tevel
of the sol dlgdél laatdully, st tier i siys edraenhani dh sbéctperagrettirack

shift nean S ri ement_ t 0. addi ti [ rgper, f
scatteri ng%lhﬁcofn‘llaé]%@l %gﬁfslr?é;??lei sﬂ%f‘%%fg ?Ig tlrtgdggé:%gb ngsf]ecclpdgﬁt Sﬁ%&%te
rays and reoesi tneohemawiet htithanged adanzeltengt hsince e sceftfreatiingg am the

el ectromagnetic shif f the incident |ight rays.. In.the follown _

descri pti o%,ed eheéotrergfr‘égﬂ’ gﬁﬁg!}%ysog 9 Cé)rng‘ rna%/sfy%h%t ong ARG eheBro

el ect romagietitc iwavesmatedused tds synoamynbetwee8 the solar cells and
does not deal with corresponding cell connectors and con-

tact fingers on the respective sclar cells.
Summary of the invention

The invention relates to a sclar cell module consisting of
a base with photovoltaically active and photovoltaically
inactive areas 1in which at least one scattering element
with or without electromagnetic shift is arranged above at
least one photovoltaically inactive area of the base or a

cell level of the solar cell module.

A scattering element with electromagnetic shift means a
scattering element that, in addition to its property of
scattering incoming light rays, is alsc able to absorb in-
cident light rays and re-emit +them with changed wave-
lengths, i.e. effecting an electromagnetic shift of the in-
cident light rays. In the following description, the terms
light rays, solar rays, photons and electromagnetic waves

are used as synonyms.

It is conceivable that in additicon to the at least one

scattering element, an additional scattering element is ar-



ranged above the at |east one photovoltaically inactive area. In this
case, for exanple, there can be a scatteting el enent without

el ectromagnetic shift arranged above the at | east one
photovoltaically inactive area of the base in addition to at |east
one scattering elenment with electromagnetic shift, the at |east one
scattering elRERNtapddd @l ampnetde SHddoRaIdN Qanef aldktive ar-
arranged above the scattering el enent w thout el ectromagnetic shift.
The at | ea$t®-one scattering elenent with el ectromagnetic shift is
usual ly constituted as a fluorescent pignent. The at'l east one
scattering el ement without el ectromagnetic shift can be constituted
as a Lanmberti dihistatédeeer foAcesrdiPAgl y thare ek obar acslckhtiedihng, edte—
| east one Lanhert|an,scatherer, p S er] el nt
wi t hout electronagne??c shiftr§@%§QQ$ﬁ§ at égs?égéga%hof%ggf?a?gglﬁ}
i nactive arldeasdf orise phadevodiiaiealliyc i recdtitver errden dfurthea base in ad-
fl uorescent,.pi; IS a ed_as [ I .\t _
eIectronag%%&ﬁgggﬁ%%tst1%é asgn%fSgagggggﬁﬁeE?eﬁgggFgagﬁ;FHGCtromag
enconpassesetthe phdtfdvolttha edl |lgastachiev e cand cadniov e lareas wiget kérec-
with the vari ongnt f.said areas. s usually . enbedded.in a

't anspar ent - rereare S e iR ol S oA PR ke star-
bet ween a serfiage edfentcne twidrispar ente cat @na@het hat sisepar ares the least
solar cell nodule. fromthe. environ t and . the at |east q .
photovoltaP@glFfaFﬁggﬁPQée&F@§n5fwgﬁg ﬁi?@FrPWaﬁﬁgté§eﬁpl%%aﬂSbHFHa&'
scatteri nglel erent Wiitedngks aascatibeesagnel emedend .t THE at  least one

| ect tic shift t, th ttering el ement with
el ect r ommgREEEE STt , SHEPORRap HIoH'S FOCKTEATBONREA t ARY Str 58 GF

the transpavestimated ak andahberat aheashteeeescattering el ement
W t hout el ectromagnetic shift. In this case, the at least - 4 - one
scattering el enent without electronagnetic shift is |ocated between

the scattencagraiegen, wnthhel ectzemagnet odshift aandetRe ahel eagber-
one photovoLtalcaII¥ i nactive area of the base. _
tian scatterer can be placed as a scattering element with-
cut electromagnetic shift above the at least one photovol-
taically inactive area of the base, above which scatterer
in turn a fluorescent pigment is arranged as a scattering

element with electromagnetic shift.

The base of a solar cell module that encompasses the photo-
voltaically inactive and active areas together with the
various components of said areas is usually embedded in a
transparent material. Said scattering element(s) is/are
placed between a surface of the transparent material that
separates the sclar cell module from the environment and
the at least one photovoltaically inactive area of the
base. In the event that both a scattering element with and
a scattering element without electromagnetic shift are pre-
sent, the scattering element with electromagnetic shift,
for example, 1is located between the surface of the trans-
parent material and the at least one scattering element

without electromagnetic shift. In this case, the at least



In a possible configuration of the solar cell nodule, the at |east

one scattering el ement without electromggmetic shift, for exanple a
Lanbertian scatterer, with a fluorescent pignment applied to it, as
the at | east one scattering elenment with el ectromagnetic shift, is

pl aced on at | east one photovoltaically inactive area of the base.

In the sol ancealdatmduilgy dihenait leasiogne Rhat:nldradciad |3h i factd vies-
area can enconpass at |least one area that js at |least optically .
and/ or el e@&GShI PGV AR FRE. SARIECRHAiNhi il eRent r Hithordd st agagnetic

i nvention, fatiovold atgal by addste sieagnhst8vbNPaecaleds ithRMIvEN area
di rect conversion of energy fromelectromagnetic radiation in the

opti cal ar &f i@ fIRFE [t he conversion] of light into electrical

energy takes place. The photovoltaically inactive areas usually
conprise conponents that hinder or prevent photovoltaic conversion of
energy. ThdprotRedtialiearprpfignsatyenandashst so5ar acedél mogpdel e the
usual Iy conprise-akl goopanents. gf el l: €,.11NGl1 1di -
el ectronic cqnpoﬁents, that are né%ﬁdég%g%gg éérg%ﬂg% gé%%?%ﬁﬂd&%etlc
phot ovol t ais@idal,| SorFurtanarimra, Laheephbtovetebteakky whabt iavd lacess -
al so conpri C?HEBF t t.are opticall nd/.o lLectricall .

i nacti ve, g%%g esu ?&'%1gﬁ?ﬁ§ gﬁ%efﬁbfg%hghgoggrﬁggﬁﬁ ﬁ%&u%&aﬁgﬁ%&ng
desi gned i glsoehta widrineeleTherméignet i¢ hehphivt ovsl t@iaadd yonnatt ileast
areas my o_incl | ar -cel.l hat, faor exanple, are |ocated at

t he periphgbé ShREOUE BN G0 et Bk, A 2s B BsSPassitial ly
optically inactive, and thus photovoltaically inactive due to
shadowi ng effects. Each of -sai d caonponent her ef ore defi nes .
photovolta?@a%ﬁ? Fﬁggfi§§l§r3§guﬁ?’5%%eAa§o o1 npnngEOtOVOl%alcally
phot ovol t aiieakly venantdarecam eanebmpacenaanentadthabndefarmes et is at
phot ovol taical |y inactive area can,. for jnstance, be, a coptact finger
el enent arhgﬁaéd9&¥%§%§;¥%ﬁﬂ§? | gt ROt Rty TPArtivecahtBe ¥iLELR
connect or ehengmbmeaozhace heeweeresaliah,cehbsovalbandan 1gr aatligeated
at the perigher of a solar cell, nodule, or a solar cell, that is at

| east opti E8FI Y i5hati?v®, 2R 5t Het ef Bt 87 pAOEETEI 1SS GThaef | FESEAY
whi ch mer efyogosduet sopayaetawayadhaphehoval takcably chnagtive asal ahus
cell can bﬁcone shaded Q%%f frame of the solar_cell nodule, for

exanpl e. FuFfRerfOPeSreePat & | 19hst aREOnotleonnkeid e %l sbakes

referred tpilasephohevehbabeallbyichaghi Veaaceas. arBHssUank1t 9 thGprise
invention, it is now conceivable, for exanple, that either merely one

scat t eri ngCeMBRBAREHI thied) etndpagRat iRFSSHiT RRokryel jabpeconversion

scatteringoel erRity i thout piebests orRopet i¢ $hhttiver Adsqminatignigh
at | east one_scatteéering elenent with, as well as at |east one
scatt eri ngCelénBACLhEt HoUR 1 1lE eempsiagnatilccshpprents piowi dedasr cell

arranged OﬂoﬁﬂgéyiQ%%hd@iﬂ@1éﬂécﬁgoﬁfgdcgﬂﬁégggkégi%ﬁ%&yehﬂgcﬁﬁyede—
areas of a solar cell nodul’'e. Usually the fluorescent pignent that
functions 8s90Ad SSatiekimgeel bpentt Whdtwiddtaishegmbl $ ¢ Shirtheigore,
desi gned sppas @ Sdte £ SPectru . 1.acaoju e rqggqg%t' _
radi ation. Thig;can mean f%gi%{heﬁ?ﬁgéygsgg%%g%ié%%%t 'S e§#§n88m88
as to absorgnphotbat and opteppillphendAsrwelbctfocagkanphectavhi ghera
wavel engt h o] t S tr [ f t : B
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Dependi ng shgthed vavesengt b atamwheéich Thersdbar, cells photobbataithely
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can be inc%%%%gﬁvgrggé%Feﬁégda ?gt%8C58%?t%?#ﬁ6 S?%gﬁn%ﬂﬂfthgor exam=
el ectromagpet) c ashki floaeadd zed ithet hedfigharef 4f uar esdent ¢ prembdule

and are at least partially optically inactive, and thus
photovoltaically inactive due to shadowing effects. Each of
said components therefore defines a photovoltaically inac-

tive area.



- 6 - Furthernore, it is usually provided that at |east one conponent
of the base of the solar cell nodule déf%thg a photovoltaically
inactive area and the at | east one scattering el enent arranged above
t he conponent are suitably enbedded in at |east one optically
transparent material. However, in this connection, for exanple, the
at | east one scattering elenent with el ectromagnetic shift can be

alternatively or supplenentarily arranged also on the upper side or
under si de gjf Caorqproa{hegrﬁaro t& r%}oe%?vacfl.t%q eri"dTt ey e HrovidiedPmPo-
that the saleart cehdt madit eceomid ssisoBofdISiidd B Panestivat erical can,
consi sting gf plastic, in which the at | east one_conponent of the

base is end€ddet"ShANCE’ s&fond CPRNESEr et NIRE eFilEMeBEnI BEFMEQF on &

gl ass, Wwhi ehdresyoraiigef &s1dnstalled (er tihke ddd shelransRaneMonnector
material. The at | east one scattering el ement. can be placed in the

area of at 9EHEoné oA RGARSIrdHE A%l & HYrdwkamse,located
above, Wit hith, t1f pJ@QQFhEB? biff & 390401 c82C0RbINISRHF €At solar cell
material (s), for exanple, on the border between the two transparent

materi al s. CPRE 1% sttt AgASFarcmitl GRdtler | HIa@ye f opnexanpirefope migdo-
of EVA f0i lyolica8 caQURy| SNyl aaseliai &n f At Lke1Fheo8RGRRD b%%%%p%Mﬁ?.
material can also be'referred to as nodul e glass. This nmeans that the
i nvention fakl@teyodd aised forl Ve &dairarceddl Icampdh§icens Ivdtadade by

vel ded intq phasll &f P AT & MG LAY 9% S %@aﬁ!@g(ét r %@Q@%%im;bre,

waves is converted into electrical energy using an enbodi nent o
sol ar cel | spaal €clds desy ider] pot scantetoed heahnedapi br, referred to

el ectromagnet b%]g)‘ﬁ’%‘(r%ittarl%tal%iiﬁ%%tqr%earaﬂe%%ﬁ one photovoltaically
ul'e

i nactive area of the solar can be reflected using a scattering
el ement wi thout el ectromagnetic shift, such as a Lanbertian

scatterer, pAduLAR! ESRRE! UPrAN he SR Led By LR Al IRt 21° exan-

scattering element with €l ectromagnétic - -
ple, that either merely cne scattering element with elec-
tromagnetic shift or merely one scattering element without
electromagnetic shift, or a combination of at least one
scattering element with, as well as at least one scattering
element without, electromagnetic shift are provided or ar-
ranged on individual or on all of said photovoltaically in-

active areas of a sclar cell module.

Usually the flucrescent pigment that functions as the scat-
tering element with electromagnetic shift is designed so as
to shift a spectrum of incoming electromagnetic radiation.
This can mean that the fluorescent pigment is designed so
as to absorb photons and to emit photons with, for example,
a higher wavelength and to thereby effect a spectral shift
of the electromagnetic radiation toward waves with a higher
wavelength. Depending on the wavelength at which the solar
cells can obtain the highest yield of electrical energy,
the wavelength of the radiation can be increased or de-
creased by the scattering element with electromagnetic

shift realized in the form of fluorescent pigment.



shift - typically the fluorescent pignent - that is arranged above
the scattering el enment without el ectromagnetic shift and that is
typically applied onto the scattering el enent wthout el ectromagnetic
shift. Inthis way the reflected and spectrally-shifted

el ectromagneti c waves can be reflected at an inner side of the
surface of the optically transparent material of the solar cel

nodul e to d_.areas w th higher quantumefficie Furt hernore, the
present iﬁ@%ﬂ?ﬁgﬁ“§5ﬁbrﬁ§é§gﬁ Weth tBrBYbG%@eggggoﬁﬁrlgéﬁF Ul ™
I'n the net pethdna priodinee kassolaf el |sgmduleylla eaig eMddfining a pho-

phot ovol tai cal |y active areas .and photovo|taically inactive areas is
suppl i ed £ P Yk A Ve PR GRId @75 A £ Sorme S0, GRS IS ST

scattering ealegiemitt avddhdqd WMidwslt ek eebinppBEREt heeSRBiufit ab yPlaiRdided
above the gt | east one photovaoltaically inactive area of the base,

where the statferiSid tel@feMPWiGH 1g1 ddtamsmRdiiety MashiFie lcadigyever, in

f1 uorescenthpisgriHneMIQOVerori bxBRY1Be RMRViged that Bhel @asicteng
additional scattering element is arranged above the at |east one
phot ovol t aid&Mey i 1 el e e gt el bagel T ncenj becoAnesnpsi veily ioF

concei vabl @uf:012kkaRge 137 addiddanal 1868t Lar ichg i BNt sWskNor under-
el ectromagnetic shift in"the formof a fluorescent pignent above a

scat t eri ng SéPemeit awitrReGPageast Faredriatli-c shift. For exanple, the at
| east one scattering el enent wi thout electromagnetic shift is
arranged on the at |east one photovoltaically inactive area. Then,

for exanpl Morep#est |Hastasndscareeifag eltatenthei tde lelrecte bhngeeile

shift is aEB!m%‘%‘is%Qt% the- 4t { 838l ONeSCALEEFI 08 ELRIBOL: Myt BRUL 45
el ectromagnetic shift. - -
tic, in which the at least one component of the base is em-

bedded, and a second transparent material consisting of
glass, which is arranged or installed on the first trans-
parent material. The at least one scattering element can be
placed in the area of at least one of the transparent mate-
rials, for example, above, within, or under the first
and/or second transparent material(s), for example, on the
border between the two transparent materials. The first
transparent material can, for example, be made of EVA foil,
i.e. ethylene-vinyl acetate foil. The second transparent
material can also be referred to as module glass. This
means that the invention can also be used for flexible so-

lar cell modules that are welded intoc plastic, for example.

When energy from electromagnetic waves 1is converted into
electrical energy using an embodiment of a solar cell mod-
ule, as described pursuant to the invention, electromagnet-
ic waves that impinge on at least one photovoltaically in-
active area of the sclar module can be reflected using a
scattering element without electromagnetic shift, such as a
Lambertian scatterer, and their spectrum can be shifted by

the at least one scattering element with electromagnetic



Components of the base can be enbedded during manufacturing within or
at an interface of at |east one opti ca’ll_ﬂl Transparent material. In
addition to a scattering that is effected, independent of the angle
of incidence, by a scattering elenment wthout el ectromagnetic shift,
the application onto the scattering el ement w thout el ectronmagnetic
shift of flardrfgscenttypigdEntys dledi fQ uaseseatterpignetiementtshad t s ar-
el ectromagnetic shift c shift the spectrum.of incident. radiation to
a spectrumﬁmeqsf%vreea%benesfciacqtaﬁmf TR S YT ST gnagnetic
infrared orsHilfite fldiatescen MiGRRIT Y Spisieitd idntis addiddanaldhg el-
possible to nodify, the apfgﬁarance or design of the solar cell nodule

g
such that HERUrYLECYE PHECLEPERIBEI Cnotti i 1 0bRs thdPe WY f 6P/ re-

than is theieased end hedyediaus!ghiused Hilairdml@ed GRAtaCtlcan be
bands or contact band el enents and contact fingers arranged_ adj acent

to, on and/&fHs&hRcert SsATari ey ssh3de prbt 698I EHFréarry ofin Wwptically

conponent s .t rald & rRSS ikl te: 1arodi et 051 he LBYENhbAN el ok MNP as
other things provided that at |east one fluorescent pignment is

appl i ed, a¥iite hdOhegasiuagiens edtfticriong Yel ement with el ectronmagnetic
shift, to all areas of the nodule or areas of the base of the solar
cell nodule that are at |east optically inactive. Furthernore, it is
concei vabl Furdhgrrasge afitk appeyeatscatiatiin, ecenpnt sept Rourethod to

el ectr omagpeli 3hif Lhekween 1t hedhage and the at |east one

scattering elenent with electromagnetic shift. It is also conceivable
to provide only one scattering el enent w thout electromagnetic shift

on the respectd eiﬂ%\g{ ol taj i nact| C 0 f th se .
t he sol ar ggll Ittlh\réo u e.&q\ll'htlé(sp g?%% tgi %5111\63: i nac ﬂ@%é%loér?’po%eﬁflg%ofﬂ%ﬁl
9 - the bapaoctbveohéasgokad yceakl inedalreaisnelngdphodptvadt: afiicadéry ehementve

and contac ds ar ﬂﬂg@ n-1 ndiyidual, _sol ar,.cel | and; al sp.spaces
bet ween so é:ggcg:el Ss.g rrj%lé)bfe&gd\l?}e{l%t %gjelg%s C%nlleané Cﬁiclaes'e %% %B&\?i ge
at | east onecsdanterdinglebshennew sdnioremiidioalenkact martagnet i aishiolit:

or a conbination of one.scattering elenent wth d one.scatterin

el enent wi Fﬁ%ﬁ?rg 88§F§ﬁégﬁ’é :%5 sl%i Ptlagﬁgarayogﬁ ?ﬁg Bﬁotlg\%}tt Sin@aglhf/)_

i nactive conpohéntisally inactive area of the base, where the scatter-
ing element with electromagnetic shift can be a fluorescent

pigment.

Moreover, it may be provided that at least one additional
scattering element is arranged above the at least one pho-
tovoltaically inactive area of the base. In this connec-
tion, it is conceivable to arrange an additional scattering
element with electromagnetic shift in the form of a fluo-
rescent pigment above a scattering element without electro-

magnetic shift.

For example, the at least one scattering element without
electromagnetic shift is arranged on the at least cne pho-
toveltaically inactive area. Then, for example, the at
least one scattering element with electromagnetic shift is
applied onto the at least one scattering element without

electromagnetic shift.



The at | east one scattering elenent with el ectromagnetic shift, e.g.
the fluorescent pignent, shifts the i ncifent light into a spectrum
that is nore beneficial for the solar cells of the solar cell nodule.
In addition, the light is randomy radiated in all directions,
simlar to [what happens when light falls on] the scattering el enent
wi t hout el ectromagnetic shift. The fluorescent pignent w thout

el ectromagnetic shift ¢ be appl.ied or nged bet ween t he

sol ar cells Q:e ﬂf(q:ﬁbe ?53 ag'P\Pa?r CFC{‘F&? 59 FRYHE R
of the sol arlmﬁ_lnl Sor bt dat hete patbeoander Sedetobntheprmdulie ylasshs-
This means that not only the rays scattered upward are directed by
way of tot &258F é‘@ttle&r}adﬂto the solar cells, but also that rays

radi ati ng downward can be used by the sol ar cells. In a potenti al
enbodi ment,_ the inhvention can be used to activate the at |east

optical ly iiMacteihak® BypFccditeyiter tath- 151 REABEGREs, Ingersmdent

between the el £H841s dN gnsPhdkcee! bymddkactbyt ngl %qe%ntth%%%@ft
cells. I\/breover in addition to scatterin a spectral shift of the

i nci dent | iediRC tiRyaAsE St ey i Tt ha‘%h%n@?ﬁg%%@tbﬁﬁt BRSOt Eh@héca tilige ing

sol ar cel | $1R@=S®SSy i 1gher gy@ewaﬁ&ﬁéeaen%lﬁsw Agubhatednt pig-
nonocrystalline silicon solar cell has a total area of 240.48 cnR and

t he cont acf“e@é@dsaq:‘éb%‘ﬂeésonswt*é@éuw ¢lergmts tWetkhelecinoggignetic
current dengistey JSG =shifl0 the spectrum of incident radiation to a

spectrum that is more beneficial for the solar cell. When
an infrared or blue fluorescent pigment is used, it is ad-
ditionally possible to modify the appearance or design of
the solar cell module such that the surface of the solar
cell module looks more uniform than is the case for the
previously used silver-coloured contact bands or contact
band elements and contact fingers arranged adjacent to, on
and/or between solar cells as photovoltaically inactive

components.

In a pessible embodiment of the invention, it is among oth-
er things provided that at least one fluorescent pigment is
applied, as the at least one scattering element with elec-
tromagnetic shift, to all areas of the module or areas of
the base of the solar cell module that are at least opti-
cally inactive. Furthermore, it is conceivable to arrange
and apply a scattering element without electromagnetic
shift between the base and the at least one scattering ele-

ment with electromagnetic shift.

It is also conceivable to provide only one scattering ele-
ment without electromagnetic shift on the respective photo-
voltaically inactive components of the base of the solar

cell module. The photovoltaically inactive components of



1.7 mA/cnR cal culated fromthe quantum efficiency nmeasurenent results
in an efficiency of 14.64 %for a conventional contact band
containing silver. The invention can increase the efficiency of solar
cell nodules with crystalline and anorphous solar cells by using
scattering and spectrumshifting fluorescent pignments and therefore
by using scaid epiag elcengiyd sswiih ekect mpmgnet i €cshdét cORtact finger

phot ovol taical ly inactive and therefore at | east optically, and/or
eIectricaH%ﬁqméhﬁqv@ngréiyﬁﬁcﬁh@aB§§e.aﬁﬁ%ngﬁ@eﬁF¥ohn§+§bdﬁﬁke§Q%ar

possi bl e t @dahat,ovold abhcabl ¥paekkVake wdlerl eastaoptdcad | y1andh9r be ad-
electrically inactive areas or surfaces in thin-filmnodules. _
Addi ti onal VEFEACAYSs HhEarhotf fente BFOVhEe AteAtRSR Qe adhaddmring

fromthe desehieptd @t he didachad dranngetild drs undgr st eoddihal

the features referred to above and those yet” to be expl ai ned bel ow

can be usedift nlgps BAAE rEgSeclioRant gilvidn agshisinfatscert.t it calede -
[ n other CamhnaiansOfe CANGBMNS, hiHOUL, ASPAM LENGLL! RIS o1 -

scope of the present invention. ort description o aw ngs
Figure 1 i¢$aacgildgr ampsttilyer spmpoawngis.a first prior-art enbodi nent
of a solar cell in a solar cell nodule. Figure 2 is a diagranmmtic

top view of a second prior-art enbodi nent of a solar cell nodule.
The at least one scattering element with electromagnetic

shift, e.g. the fluorescent pigment, shifts the incident
light into a spectrum that is more beneficial for the solar
cells of the solar cell module. In addition, the light is
randomly radiated in all directions, similar to [what hap-
pens when light falls on] the scattering element without
electromagnetic shift. The fluorescent pigment without
electromagnetic shift can also be applied or arranged be-
tween the solar cells, however in one possible variant, not
in or on the level of the sclar cells, but rather on the
underside of the module glass. This means that not only the
rays scattered upward are directed by way of total reflec-
tion onto the sclar cells, but also that rays radiating

downward can be used by the solar cells.

In a potential embodiment, the invention can be used to ac-
tivate the at least optically inactive areas, typically for
thin-film modules, not only between the solar cells in a
solar cell module, but also on the solar cells. Moreover,
in addition to scattering, a spectral shift of the incident
light may be provided that emits the photons to where the

solar cells possess higher quantum efficiency.

Assuming that a mecnocrystalline silicon solar cell has a
total area of 240.48 cm®’ and the contact bands located on

it occupy 9.6 cm?, the short circuit current density JSC =



Figure 4 is a diagramatic side view of additional exanples of
conponents of solar cell nodules. Figutl 5 is a graph showi ng the
quantum efficiency of various solar cell nodul es. Enbodi nents of the
invention The invention is illustrated diagrammatically in the

drawi ngs usi ng enbodi nents and is described in detail below, wth

ref erence Heinguibde tantdel dreani figsm The fugures afeideseidybedasure-
consi stentl nd comr ehensi vel the sane reference. nunbers refer to

the sane ¢ et = Figur®d f%%-ica}edﬁcé’groém?ﬁlt'i £ o QR éwinvgntional

section of dwrpyddar taiid WorstaAld:ime ssiliecsan sol ar cell nodule 2 with a
base on which a nunber of solar cells 4 are arranged, with a solar
cell 4 being illustrated here. In addition, the base conprises

so-cal l ed geld cEPBRELLAN RIrLMEAESeBseShown berecasndpt tad Lhngs, and
contact finger _elenents 8 arranged on the respective solar cells 4.
The base c8MFNSSs ¥a T S Steduiie s Ga @ Iprows sdditngeddeh bof usiag

solar cell gchowaiGhSUdACpeerY¥aR-sATPRINGt heryd i Nas+ a8ignbRELdeLng

to an adjacent solar cell or to a frame of "'the solar cell nbdule 2.
therefore by using scattering elements with electromagnetic
shift on photoveoltaically inactive and therefore at least
optically and/or electrically inactive areas of the base.
The invention also makes it possible to photovoltaically
activate at least optically and/or electrically inactive

areas or surfaces in thin-film modules.

Additicnal advantages and embodiments of the invention are

evident from the description and the attached drawings.

It is understood that the features referred to above and
those yet to be explained below can be used not only in the
respectively given combination, but also in other combina-
tions or by themselves, without departing from the scope

of the present invention.
Short description of the drawings

Figure 1 is a diagrammatic top view of a first prior-art

embodiment of a sclar cell in a solar cell medule.

Figure 2 is a diagrammatic top view of a second prior-art

embodiment of a solar cell module.

Figure 3 is a diagrammatic side view of examples of compo-

nents of solar cell modules.



The latter conponents, i.e. the cell connection elenments 6, the
contact finger elenments 8 and the barée hbddl e surface 10, which is
shown here in cross-hatch, are photovoltaically inactive in contrast
to the solar cell 4, which is photovoltaically active. Accordingly,
the cell connection elenments 6, the contact finger elenents 8 and the
bar e nnduléiguﬁac@.ﬂ@ asd@&@aﬁmdtﬂttblﬁhevsehabfc@ddﬂﬂmﬂﬂaiZbXHmples
anong otheriéhln aIso(g; ast opt.i cal i nactive. The - 12 -

cel | connedti i LamoS$-4 in the solar cell
nodul e 2 consi st of netal. Solar rays that fall on these cel
connectionEgIenents 6, Wwhich ar$§)e5|gned as contacts, are refl ected
and | eave tHEWE ar Seld JHdh WihdRe BRiatg Whisd e ek et f@ri-
sol ar cel |l 94 sbhese qehat enrsharee .therefore | ost for the purposes of
generating photovoltaic power. Likew se, photons that inpinge on the
contact finger elements 8 are also lost. There are additional

phot ovol t aipg@ldaM menwsed rareas hetameanrt he solar cells 4 and in the
area of the frame of solar cell nodule 2 since photons that inpinge
on these areas are also lost for the purposes of generating power
because thQ%ecqu@hﬁﬂdH|%%Eﬁdfﬁsﬁ¥%ﬁéd4d1a§f9ﬂﬁ§tgcé§l§ ghaghgnﬁﬁ%bg
top-view of a solar cell nodule 20 designed as a thin-fil

wi th phot ov&Eai EHing Qﬁbp@émaﬁéésaﬂﬂmﬂ$sﬁﬁgcééhﬁécﬂéd detatlcélelow,
22. The photeyoltaikcahly LRagh %%d%r%%sk?xf Lyisglsar cell nodule 20
here include cell connection &l ements 24, whi Ch serve to serially
connect the solar cells 22, and outer solar cells 26, shown here in
cross hatchy tha Qg%e e Jaarely . Qyl d t r .
away but mhpgh a?g at east oﬁtﬁcgﬁlg%gggggﬁgFg& %édag$§%Q%H%ESR%%% !
phot ovol t aicbal bpmenaetfevencennuhibrrbi kmfrodubeshet heme apapahsats.

| osses due to shadowing, with the area | osses due to the serial
connection anounting to between approximtely 5-10 % of the total

ar ea. TheoFéghcalﬂyisthe&ddgxammauinntbﬁnwi@MU@Edatseat%anhftheprl—
ot her hand hi_n- f|| ul_e one tg t he ter solar_c IIs
26 are not conﬁ%ct éféfs g]lg?% lérle 5lreson r qulbjtrril%%ﬁ?/ %)r ch %
photovoltaDnaWhycachlmembemceftbelp@weelcelMeekedam$angeducwedhawa$o—
by neans of _the quter solar cel | s .26. Fjgure 3 s hematic

i strat i OREoE I of ¢ BRGEHe i W ARAL (BFE® axdip el R et s Pgie
of cell conomprisasekerentisedO,ced?, e@hnéﬂﬂldduﬁléﬁéhﬂ£56gngﬂoaﬁ here
component s Ofdotted lines, and contact finger elements 8 arranged on
the respective solar cells 4. The base comprises a blank
module surface 10 surrounding each of the solar cells 4
which surface serves, among other things, as a border to an
adjacent sclar cell or to a frame of the solar cell module

2.

The latter components, i.e. the cell connection elements 6,
the contact finger elements 8 and the bare module surface
10, which is shown here in cross-hatch, are photovoltaical-
ly inactive in contrast to the solar cell 4, which is pho-
tovoltaically active. Accordingly, the cell connection ele-
ments 6, the contact finger elements 8 and the bare module
surface 10 associated with the solar cell module 2 are,

among other things, also at least optically inactive. The



- 13 - solar cell nodule 46 and, together with solar cells 48, form
part of a base of the solar cell npduFel46- The cell connection

el ements 40, 42, 44, 300 and the solar cells 48 are enbedded in an

et hyl ene-vinyl acetate foil, which constitutes a first transparent

mat erial 50. Modul e glass, constituting a second transparent materi al
52, is pl aced orcddiecdinn .ebehdniisd €ebf ensneetbencelesent 40 the so-
(bl ack) kn3$$ frgﬁ}the rigr art has a conventional, reflecting

metallic s %rd i eierftt Witifdut S8 €ct remyridtate @ﬁlf ?On

such as a LtaféwttamscCa:tdrﬁ&uoﬂ sepkaefdsors,t hehsuhf ace ofickhgned as
second cell caonnection elenent 42 (white). A scattering el enent
wi t hout eIé%?ﬁﬁﬁﬁﬁhet?%?sﬁ??%e%te@oﬁngxéﬁ@W§ 5he theldbr Aedf godule 2

Lanberti anwseadier feids M50 Pbasedipa the suihacecs0f san addidd-onal,-
cell connection elenent” 44 (white). In addition, a scatterin elenent

with el ect roWsy Rt Chemisiore Ipsta fqidies cerPosiagnert menad igsplnhed
to the scatRiding i@ el WrlihQuli & e%ﬁH&r@@"%@fact S_L'fﬂﬂlngeoyry the con-

scattering elenent with el'ectromagnetic shift, g. fl'uor escent
pi gnent BOZaQQsﬁﬁQQQQkaﬁm%ﬂt%d%l@¥%né18@eﬂpséonﬁé@ﬁﬁo@rﬁl@thﬁlymﬁl

(cross- hat %%%ﬂro'lt%lctallqrf Uty addid %%lwe%%att &g & BNty 4 and

provided in addition to the scattering elenment wt electronagnetl
shift. Fi giihe theshpgigs tcn‘étt@ r@yar% &l bphgronedlfinpdtileel| since pho-

connectlont%h%”%ﬁ5t4q on t %%%9%%%a%sa%eC%ﬂ%%pﬁb%Qal rr%% pur-

contact, exits t as a perpendi cular

refl ected p@ﬁéSSOﬂAqeﬂﬁﬂﬂrﬁﬂﬂIpwwpmnb@9$@@©ndheglbaoonhestm@me solar
el ement 42 prqyided with a scattering el ement wthout electromagnetic
shift wll be scattered in the hal f-space | ocated above. In the case
of a Lanbertian scatterer, thls occurs equally in all directions.

Rays 62 thg he surfac Ihe nDduIe glass at.an an
greater tha%gg?%egugﬁ %%(ih Imﬁ Lasg 85180 20948 noaute

20 designed as a thln fllm module w1th photovoltaically ac-
tive areas comprising connected solar cells 22. The photo-
voltaically inactive areas of this solar cell module 20
here include cell connection elements 24, which serve to
serially connect the solar cells 22, and outer solar cells
26, shown here in cross hatch, that here are merely provid-
ed in order to conduct power away but which are at least
optically and therefore also photovoltaically inactive. In
thin-film modules, there are also losses due to shadowing,
with the area losses due to the serial connection amounting
to between approximately 5-10 % of the total area. Theoret-
ically, these losses could be reduced to 2 %. On the other
hand, in thin-film modules, one to two of the outer solar
cells 26 are not connected and are therefore not electri-

cally or photovoltaically active since the power collected

is conducted away by means of the outer solar cells 26.

Figure 3 is a schematic illustration of an arrangement with
multiple examples for the design of cell connection ele-

ments 40, 42, 44, 300 that are designed as components of a



total reflection |and on solar cell 48. Rays 66 within a | oss cone 68
of the total reflection will be transhitfed. A ray 304 falling on the
cell connection elenent 300 will be reflected as a ray 308 that has

been spectrally changed or shifted. The fluorescent pignment 54, 302,
being a scattering elenment with el ectromagnetic shift, emts absorbed
phot ons w tanldmor cekanploglulae hi ghendyaviedbeagidr t hathi ssdieit ecedlist e1b,

to the spectral behaviopr_of _the l.ar cel]_ nodu 46.. Thi g _can_ nean
that the mé%@ﬁéﬁﬁ?Fi% sﬁi%?gﬁiéﬁlghfriﬁi%ﬁ ?%iﬁhW8ﬂu ﬁe§§ol fecdigt!
modul e 46 widrdneadhiceye=leenkettter4®@f f42j ency. 3Rayanaothabsenbed day ltshel s
fl uorescent_pi nt.acting as a, scatterin | ement with, .

el ect r ommgd CTHRAGEAd 1T Ho SEAVLEFSavfY SceorHaRte fitn eidch con-
scatt eri ng sshanaeiser kstfiSst0f tihasbhuenesorite Pi e i tdehhiler @Pfass,
t he scatterin% el enent | ocated underneath it (rays 72, 306). If there

is no mat elGCRS iyt &d S§FEaS itTEANSPEY dRdtedng el difemtl aftdeon

the fluoreseant miianent fiasd rdine GaseQfi Geldl srmeatd am18l&Te’fnown
300, non-absorbed photons will be scattered by this material in

accor dance SO Ghes Ardre @ty &85 Gp&Vedt IREdr dinffilpctig, e.g. me-

addi tional ly1apR! is@G falor eseenl JardMRN e 12¢he 302 i8NS lS J1RGHAMagnet -
light or incident rays 70, 304 as reflected rays 74, 308 into a
regi on of 'fife SPddtr AnSher® 2 heaBlbehEiele| fsaliBeean aéhi evachigker the

energy effisgigney cEenscakieningghemenh2RRl-ed 1kgehie sbhihg s¢ehl,
connection el ement 44 scatters the non-absorbed rays 72 into the
hal f - space | ocated above it. Rays 304 falling perpendicularly on the

cell connegti ﬁ% i £ hou i-ng, 1aRs9r, t he resc
pi gnent 30% es%(htteét e soI%rQ cge\ﬁ %EBPEH%%S pé?rgag]r%\&clu asfljf\%/f@ L T
refl ected eapsw3@6. in the- fom egfnpl elambaighen woadltengith, 8¢ also

mie”c‘elt Pecgg'_a%dc eh! $nd8 sRtfHRIt SRether BfifliGlhgNCY e 1hN AR ER38 0k 1 o
ment 44 (white). In addition, a scattering element with
electromagnetic shift, e.g. a fluorescent pigment 54, is
applied to the scattering element without electromagnetic
shift. ©Only a scattering element with electromagnetic
shift, e.g. a fluorescent pigment 302, is applied on an ad-
ditional cell connection element 300 ({(cross-hatched), i.e.
there is no additional scattering element provided in addi-

tion to the scattering element with electromagnetic shift.

Figure 3 shows that a ray 56 falling on a first cell con-
nection element 40, which is designed as a conventional
front contact, exits the solar cell module 46 as a perpen-

dicularly reflected ray 58.

A ray 60 faliing on a second cell connection element 42
provided with a scattering element without electromagnetic
shift will be scattered in the half-space located above. In
the case of a Lambertian scatterer, this occurs equally in
all directions. Rays 62 that hit the surface 64 of the mod-

ule glass at an angle greater than or equal tc the angle of



properties. Figure 4 is a diagrammtic_side-view of another exanple
of a solar cell nodule 80. It conprises 4 Base with solar cells 82,
whi ch are separated from one anot her by spaces 84, which are
photovoltaically inactive areas. Scattering el enents 86 w thout

el ectromagnetic shift are placed and thus arranged on the spaces 84.
The sol ar m@ﬁahnmhﬁkeémﬁ@mnmahse$naéélar teamsgarennqﬁateﬁiahtaan a

85 are. enbatRin Ao oot P TR HOD0! ooty MUTE Giotss

is |ocat edmay t30 foallirAbove tlhl@ el 3t cbm@e&aa@ﬁSeSémaﬁd B® will be
scattering elenents 86 mnthout ectro geglc shift, a_fluorescent
a

pi gnment 925 é@lﬁuﬁﬁyt nBBﬁF SENWSPRTCK TEfid Y GHIRNGEE LT

transitiondmarmala.to the foil. The fluorescent pignent 92 is applied
to a surface 106 of the second transparent nmaterial 90, which is in
the formof nodul e glass, above the third space 84 and the scattering

el ement wi tiheutr 1el-8es-RmRIRaignenghislid,. 307e mellﬁlﬁj Rl & c%ftt%qqtnfgerell%ent
provi ded within the scope of 'the i nvention can ied not” only to
cel | conneétitén %l%%ﬁ%a%%?ﬂm $EHEE it henyhFi @%oc:%ﬂdac@ hetager Wwith,

el ements and arsasmbet m@”h&?ﬁe:ﬁok@"ve@%hb%he’zcﬁa& the ﬁ@%@ércgh&ted to
nodul e 80. At that location fthere is no spectral shifting of

wavel engt h the ﬁ@@cﬁé@élb@ﬁaWH@rs@ﬁaﬂh@eﬁp§382Ce@&tmpﬁ@ﬂ@r4ﬁh|§h9@c@ﬁ§
by way of thenseaterdfg m%w%‘?éﬁg%ﬂ“fé‘ %ffﬁé@”ﬁﬂ@@thcréghﬁh 92 which

arranged on the underside or
the solar cell module 46 w1ll achieve a better efficiency.

Rays not absorbed by the fluorescent pigment acting as a
scattering element with electromagnetic shift will be scat-
tered in accordance with the scattering characteristics of
the fluorescent pigment itself or of the scattering element
located underneath it (rays 72, 306). If there is noc mate-
rial designated specifically as a scattering element under
the fluorescent pigment, as in the case of cell connection
element 300, non-absorbed photons will be scattered by this

material in accordance with its reflective properties.

Accordingly, the additionally applied fluorescent pigment
54, 302 shifts incident light or incident rays 70, 304 as
reflected rays 74, 308 into a region of the spectrum where
the soclar cells 48 can achieve higher energy efficiency.
The scattering element applied to the third cell connection
element 44 scatters the non-absorbed rays 72 into the half-
space located above it. Rays 304 falling perpendicularly on
the cell connection element 300 without being absorbed by
the fluorescent pigment 302 exit the solar cell mcdule 46

as perpendicularly reflected rays 306.

The fluorescent pigment 54, 302, being a scattering element

with electromagnetic shift, emits absorbed photons with,



upper side of the nodule glass. Froma ray 94 entering the solar cel
nmodul e 80, not only are the upward-scattérad rays 96 directed through
total reflection onto the solar cells 82, but also rays 98 or photons
t hat pass through the fluorescent pignent 92, and thus through the
scattering elenent with el ectromagnetic shift, are used by the sol ar
cells 82. Rays dbbhphat 4ahighéthivavébenfoss €0nNeghiG2 remRigbluused.1s
Rays 104 totally reflected at the surface 106 and not absorbed hy the
scattering ®i PIf the it Fbhhgherte: shitf £hej caser RE fhgorsdderfton-
pi gment 92 n&kaidie STahdef eddin SUSh Acovanpdb e SeRt Laei N9 8 RMnt
86 placed on the level of the cell that they strike solar cell 82.
Due to the Ry alr%hidd2 aife stdditarsithiPvaphe cRatdrgmg fdement in-

fl uor escentstpilom@ntp Sedmikestt ke quant He ebliciencynbi ghen thamdd:ion
woul d be if only the various scattering elements 86 were used. Rays

94 fallingSdemHE 1Udr eR¥effepighentia lonf nehhgh skaet eilhg cEinamsition
wi th el ect omaghst i §oghiddnsiunder the Jmdil e glasgiwhl |5 p8 seatitenad.e
in equally distributed fashion i'n the upper half-space, rays 96 that
strike thePs@readeer06 of the nodul e glass at an angle greater than
or equal to that of the total reflection will reach solar cells 82.
Rays 100 within the total reflection |oss cone 102 wll be

transm tt ed1oRaes 908 scatderevrnoyniver ssdervienl s6 eonther axsubde of

cell 82 i1 shenigre 3aat tasadial of sutabla ands Rays 94 Lhat 0.,

not absor bed uorescent pignments be scattere

mat eri al s applliseddn wheckeldrd evagamrtdriséyromn onlei samwaAsesr the spaces
Lanberti angscatt.erers , i tenihng el enent s wi t hout .
eIectronaggzﬁ<ﬁ§§ﬁ§t?ggnp&%&%%&z%%éc%%ﬁﬁﬁﬁﬂf#E%Y%c?F%%sprgﬁ?FFF5§ng
of the nat efleaksts -84 7witbpubr dlredthemaghdtel gl assftardet helaced and

Lanmberti an tterer 86, being a scattering enent, W t hout

el ect ronagr%gltﬁlgc %’iaf”tg,eo} s“ar Fgﬁgg’(?a()cﬁst hée£1 e@éiﬁ (ﬁoataﬁe egjlujl smofaLg 89
400 enteri ngmphesssl aa  Cealrlstnodid esBOravit | mhardias st@tt eecdgr ays £402
on a solar_cell 82 i hey are scattered at the .correct angle by th
scatteringmgﬁgng te&}yheg%égﬂpgiaaﬁggﬁgesh?PtWﬁﬁpg.tgﬁespﬂg5r8§ﬁéﬁt%2
pi gnent 92arRagsbé4@4etihannatiectiot rahsprbedtbyathe ibluonespenhgpingaant

92 are scattered hy the scattering elenent 86 that is_applied on the
coll | evel ShRSSecordamas i 1O hbie ef Padti Oﬁ@opté}%iégpg? gYpgspaces

el ement 8684Thexdiags aprsbownihg Eilgueatd @ ®tsiehauantusretbnebaBeyc
&E shift, a fluorescent pigment 92 is embedded under the mod-
ule glass, within the foil, at a transition [area]l to the
foil. The fluorescent pigment 92 is applied to a surface
10€ of the second transparent material 90, which is in the
form of module glass, above the third space 84 and the

scattering element without electromagnetic shift.

The principle of scattering provided within the scope of
the invention can be applied not only to cell connection
elements, but also to the various contact finger elements
and areas between the solar cells 82 in the solar cell mod-
ule 80. At that location there is no spectral shifting of
the wavelength at the level of the solar cells 82, but ra-
ther this occurs by way of the scattering elements with

electromagnetic shift %2 arranged on the underside or the



in percent above the wavel ength k of el ectromagnetic radi ati on, shown
innm Afirst curve 110 shows the quant@iniefficiency for a
conventional front contact, which is thus a photovoltaically inactive
area, on a silicon solar cell of a solar cell nodule. A second curve
112 illustrates the quantumefficiency in the event that a

whi t e- col ourmekscaitderéhgt ied emeatlai yhaws . eFeeinr amagretdic shidrti ashe
been applied to the iront gon&ﬁgt. A thirtd curve 114, which conprises
hi gher quantUfitef FFtt eREY Al tHah PHREYséddhd EhfvePprdiscattered
obt ai ned i rdie egedt rkbatda fHrOIEsCEedtapi GEMectheimb @ scahkerddar
el ement with electro netic shift in the ultravioglet range, is

addi ti onal ﬁ?@&m%% Gt MR % Qo Wttt mpss ddgmugh the
W thout el eQticonm@retd eigtiddc a2 t hand nonts GOHAGL he & GRANIROR] -
the fourth curve 116 shaows the quantumefficiency for a

phot ovol t ai®aNty 4“ethvelsnirasedretine solhk, cade wopdally the solar

measur enentee] @ BUra¢es1 el Bkl radhat,ed el & 1ribedded LR 0hass re-
Assum ng that a nonocrystalline silicon solar cell has a total area

of 240.48 &RENardusfe cdictlbankatabbat vaf bact edoagupeoserénge tHS
short circuyinly E%%r%%@br@@ﬁﬁ%%ykhésgcﬁtke%i%%/%Q%me%%l%Hk%t%QS%E%gh%%Q

quantum efficiency, re- - 1 suits in anefficiency rate

% for a comgéAC Gidlfteort-sct Wandf beonteserny Bignert 9Thecdnaheamciart -
Figure 5 shaws 4t hat éJH%SQKW%yC5$CHﬁé geéfggﬁiggnéig%eﬁerB%hglaced on
scattering el ement w thout electtonmagnetic shi IncCreases to a

quant um ef the¢i éraglof L) SBe=ce3 13 tmatcReysstondecorterlita)]llafd.t o JSC
= 14.3 mANcnR (third curve 114) for an additionally applied
fluorescent pignent, being a scattering elenent with el ectromagnetic
shift. Thi ueedifd t Shén specdired! atledt ®f f tbeercidiitnicnredseappl 1daBlofo of
and 14.86%.res I T rqger the share, of the surface_or .area
in a solar%gélIEﬁ%%%¥§é%%%t?ﬁ's%%gEV?%usE§<E%eﬁgﬁnd%%ﬁptunl E%flClency
phot ovol t ahéghky, thad tihewefuddebeptiifcahlly, thkhevhrghes theticeeciagselin
efficiency e?igc§6tagrgsg o& a lum nescent material as a fluorescent
pi gnent ang s as ' a sca??efing el emrent with el ectromagnetic shift
only inproves the at |east optical characteristics of a solar cel
nodul e, but _doesg, nat .affect the electrical properties, the increased
nunber of BRSFoRS FBYGLPS HPr GBEI §LFRESHPGheP PRER TS %811 PEFBHCGoSE-
Thi s effecteaﬁ?g eceﬂéatbnw&Qhamﬂﬁﬂﬂrdmubﬂeﬁidfﬁﬂiﬁﬁﬁ @@?%ﬁnﬁﬂeaﬁod—
thin-fil-mnodules. The diagramin Figure 5 uses quantumefficiency,
neasur ement's€t § §F§ow§ﬁiﬁaéuﬁcﬁqﬁ? SEUPh oﬂ%sFﬁéPub%ﬂeﬁéFélon
power is inareasedippet hRabfuepuasel engish yangraef dthea kepeehd uguikkaar
appropriate fluqgrescent pignent, being a scattering elenment with
electronagﬁgﬁiE sHi ,mQ4;%ﬁkﬁ}?%ﬁaFFyaﬁpﬁpﬁéﬁtQ¥%§§ﬁﬁu?¥ﬁ4nﬁr equal

el ement W thouhael egt roragrRAtdIC s fdcanrantact rbamdss9faa ce115 82.
nonocrystalline_silicon solar cell. The white-coloured scatterin

el ement mﬁBﬁBﬁtlgpeﬁﬁFﬁﬁﬁgﬁ@@i$Qﬂﬁ#trQ§%?Qﬂ%ﬂ?tﬁPﬁ%sﬁQWedlg%cWi?l be

enough phot pagsant felihergobanscalda @igad MARIHARrdO JENer 8t §oacontact
significant anpunt of additional power. The incident light Is shifted

further in2oSPherbraéll Pghtllr adgy direa mealfertedimt na t hieitakbe otnghe.
contact bangdy,of oa monpcrystablinesddised by fluorescent pigments 92

will be scattered by materials applied on the cell level or
base, in this case, the Lambertian scatterers 86, being
scattering elements without electromagnetic shift, in ac-

cordance with the reflective properties of the materials.

The fluorescent pigment 92, being a scattering element with

electromagnetic shift, is arranged above the third space 84



- 19 - con solar cell that is covered_vvl& h a scattering el ement

wi t hout el ectromagnetic shift and a fluorescent pignent in the form
of a fluorescent paint coating, being thus a scattering elenent with
el ectromagnetic shift. - 20 - Clainms 1. A solar cell nodule
conprising a base with photovoltaically active areas and

phot ovol t ai@aldy imaddte veodirleasylass, iandhiloh ambeastamnnecscat tear | 6,

PLOTE 0 e R 90 ormgQi o, BULLL, | SRR RO e,
is arranged on the level of the cells. Rays 400 entering
the solar cell module 80 will land as scattered rays 402 on
a solar cell 82 if they are scattered at the correct angle
by the scattering element with electromagnetic shift, i.e.
the fluorescent pigment 92. Rays 404 that are not absorbed
by the fluorescent pigment 92 are scattered by the scatter-
ing element 86 that is applied on the cell level in accord-

ance with the reflective properties of said element 86.

The diagram shown in Figure 5 plots a quantum efficiency QE
in percent above the wavelength A of electromagnetic radia-
tion, shown in nm. A first curve 110 shows the quantum ef-
ficiency for a conventional front contact, which is thus a
photovoltaically inactive area, on a silicon solar cell of
a solar cell module. A second curve 112 illustrates the
guantum efficiency in the event that a white-coloured scat-
tering element without electromagnetic shift has been ap-
plied to the front centact. A third curve 114, which com-
érises higher quantum efficiency wvalues than the second
curve 112, is obtained in the event that a fluorescent pig-
ment, being a scattering element with electromagnetic shift
in the ultraviolet range, 1s additionally applied onto the
white-coloured scattering element without electromagnetic
shift on the front contact. As a comparison, the fourth
curve 116 shows the gquantum efficiency for a photovolta-
ically active surface of the solar cell. For all measure-
ments, the surfaces being irradiated were embedded in

glass.

Assuming that a monocrystalline silicon solar cell has a
total area of 240.48 cm® and the contact bands loccated on
it occupy 9.6 cm?, the short circuit [current density] JSC

= 1.7 mA/cm®, calculated from the quantum efficiency, re-



2. The solar cell nodule according to Caim1 in which an additional
scattering el ement is arranged above thé®%at |east one

photovol taically inactive area in addition to the at |east one
scattering elenent. 3. The solar cell nodule according to daim1l or
2 in which the at | east one scattering elenent with el ectromagnetic
shift is reallitzedinnahhesffarientya fdusorescent 6pi gnedtr (BHlsorBBn@thal
the at | east agne scattering el ement w thout electromagnetic shift is
realized i r?%rht@?toﬁ?ﬁ%f Y 9 ant'sctterer (86). 4. The solar
cell nodul e according to one of the preced- ing clains in which the

at least o hot ovol taj cal ly inactive area can conprise at | east one
at | east ogf?]%ﬁ%%ﬂm/ 5P ELBEER| CalIBPihahivetBpeghors, Cigeudd) gur-

cel | nmodul ecaacddidia i Fanamf Jhe qecef-clditd 3jiEhddt Wildh tdieig-
at | east one photovoltaically inactive area is realized as a cel
connect i on "@teeth it incr cnnsadto A @ e mditi clengpacd (BH = 13.3
arranged nextt/dnf alsdRat Qneysolap)cghly (48, 5&2) = andhonBe® (third
shadowed sol ar cell (26), which nerely conducts power away.
curve 114) for an additionally applied fluorescent pigment,
being a scattering element with electromagnetic shift. This
results in a calculated efficiency increase of 14.84 % and
14.86%, respectively. The larger the share of the surface
Or area in a solar cell module that has previously been un-
used photovoltaically, and therefore optically, the higher
the increase in efficiency. Since the use of a luminescent
material as a fluorescent pigment and thus as a scattering
element with electromagnetic shift only improves the at
least optical characteristics of a solar cell module, but
does not affect the electrical properties, the increased
number of photons results directly in a higher rate of ef-
ficiency. This effect also occurs in solar cell modules

that are designed as thin-film modules.

The diagram in Figure 5 uses quantum efficiency measure-
ments to also show that the number of photons that generate
power 1is increased in the blue wavelength range of the
spectrum 1if an appropriate fluorescent pigment, being a
scattering element with electromagnetic shift, is addition-
ally applied to a scattering element without electromagnet-
ic shift on contact bands of a monocrystalline silicon so-
lar cell. The white-coloured scattering element without
electromagnetic shift can also by itself direct enough pho-
tons onto the sclar cell area in order to generate a sig-
nificant amount of additional power. The incident light is
shifted further into the blue light range of the spectrum

in the case of the contact band of a monocrystalline sili-



6. The solar cell nodule according to one of the preced- ing clains
in which the at | east one scattering gl érefit - 21 - with

el ectromagnetic shift is designed to shift the spectrum of incident

el ectromagnetic radiation (72, 94), usually to absorb photons and to
emt themwith a different wavel ength. 7. The solar cell nodule
accordi ng kﬂnonEObérthelnreﬁﬁﬁingscbawg&eun‘MhMchatbeaatekea@teﬂMﬁment
photovoltalc inactive area of t ase nd the at | east ane
scattering é(ﬁﬁgﬁ é; Fﬁﬁﬂfgﬂﬁﬁkth% %EO?B oFtgﬁBSFﬁﬁcﬁﬁﬁcﬂ%ﬂ?%W%éul
are both erbeddedn Ak dlemrefsamtopdical lopddiansparang mhes ialscat-
(50, 52, 88, 90). 8. The sqlar cell nodule accordlng to daim7
conpri si ng TS e ared SHSHoRRYsFigeiddnsi sting of

plastic in which the at | east one photovoltaically inactive area is
enbedded, and a second transparent material consisting of glass,
arranged on the first transparent nmaterial, wth the at |east one
scattering elenent being arranged in the area of at |east one of the
transparent materials (52, 90).



9. A nethod to produce a solar cell nodule (46, 80) in which a base
wi th photovoltaically active areas and Bﬁofovoltaically I nactive
areas is provided for the solar cell nodule (46, 80) and in which at

| east one scattering elenent with or without el ectromagnetic shift is
arranged above at | east one photovoltaically inactive area of the

base.

10. The nmet hod according to Caim9 in which an additional
scattering elenent is arranged on the

.| east one photovoltaically

t
inactive area in addition to the at ISE@?mSne scattering el ement.

1. A solar cell module comprising a base with photovolta-
ically active areas and photovoltaically inactive areas,
and in which at least one scattering element with or with-
out electromagnetic shift 1s arranged above at least one

photoveltaically inactive area of the base.

2. The solar cell module according to Claim 1 in which an
additional scattering element is arranged above the at
least one photovoltaically inactive area in addition to the

at least one scattering element.

3. The solar cell module according to Claim 1 or 2 in
which the at least one scattering element with electromag-
netic shift is realized in the form of a fluorescent pig-
ment (34, 92) and the at least one scattering element with-
out electromagnetic shift is realized in the form of a Lam-

bertian scatterer (86).

4. The solar cell medule according to one of the preced-
ing claims in which the at least one photovoltaically inac-
tive area can comprise at least one at least optically

and/or electrically inactive area.

5. The solar cell medule according to one of the preced-
ing claims in which the at least one photovoltaically inac-
tive area is realized as a cell connection element (44), a
contact finger element, a space (84) arranged next to at
least cone solar cell (48, 82), and/or as a shadowed solar

cell (26}, which merely conducts power away.

6. The solar cell module according to one of the preced-

ing claims in which the at least one scattering element
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with electromagnetic shift is designed to shift the spec-
trum of incident electromagnetic radiation (72, 94), usual-
ly to abscorb photons and to emit them with a different

wavelength.

7. The solar cell module according to cne of the preced-
ing claims in which the at least one photovoltaically inac-
tive area of the base and the at least one scattering ele-
ment arranged above the photovoltaically inactive area are
both embedded in an area of an optically transparent mate-

rial (50, 52, 88, 80).

8. The solar cell module according to Claim 7 comprising
a first transparent material (50, 88) consisting of plastic
in which the at least one photovoltaically inactive area is
embedded, and a second transparent material consisting of
glass, arranged on the first transparent material, with
the at least one scattering element being arranged in the

area of at least one of the transparent materials (52, 90).

9. A method to produce a solar cell module (46, 80) in
which a base with photovoltaically active areas and photo-
voltaically inactive areas is provided for the solar cell
module (46, 80) and in which at least one scattering ele-
ment with or without electromagnetic shift is arranged
above at least one photovoltaically inactive area of the

base.

10. The method according to Claim 9 in which an additional
scattering element is arranged on the at least one photo-
voltaically inactive area in addition to the at least one

scattering element.



