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DESCRI PTI ON PV MODULE AND WAVELENGTH CONVERSI ON TYPE
LI GHT TRAPPI NG FI LM FOR PV MODULE 5 TECHNI CAL FI ELD

[ 0001] The present invention relates to a photovoltaic
(PV) nodul e and a wavel ength conversion type |ight
trapping filmfor a PV nodule. Mre specifically, the
present invention relates to a PV nodul e that
enhances power generation efficiency by efficiently
guiding incident 10 light into a solar cell and
converting the light of wavel ength regi ons not

conduci ve to power gpreCcRIPTOONI nto |ight of
wavel engt h regi ons that are conducive to power

generation, and a wavel ength conversion type |ight

trappi ngP¥ M%UI&ANMWWLE%GGMOWWN@X’ES [0002] A

convent i onal pRjHT TRAPIING FIEWV FORXEY MODwaul e is

described in cited non-patent docunment 1 below. A

conventional PV nodule will now be described with
TEGHNEAREELDD the schematic illustration
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dvdainkr® 1tblews Uk faeeati@RI BV obdildeillgwhsdgicabed gvith ﬁ%fqﬁe tothe

sdnQ 0] 11111;9&09 NGRS %é&x@rﬁi dI%\Ql%g)l § Bgner allmsyctoaveﬁteﬁﬂ NPV module
COTTpI‘ISG C i ef ene-vin e

RIS ¢l el ae‘%‘(:eé ﬁ%&}z?" "‘Z‘Efﬁsueaﬁ%qu S q“Tl'eoazt%ge%ndtaI’tlxclad( oy

(@)l MOGGnt Tige 25| mpetsc 8k coyg0glessn2padr r.rswdeld i Be mmqeﬁ“gﬂi‘e

R%Qﬁrde@éfaggdéﬁﬁﬁ‘ed with §figabtAbséibant pidFered Vb Pied S8 thdQdven glaks Role

into elect lo
it e G e B Pt St ) B By a0 I 20 ot
th dower rEkabse20 G ermboases Raacreatecaprungysn hape) thegspn- ¢ This SBAvefy shARs if
f(;l'glgd onfthY ihke® Surfack, A Go bdy| di tR0Gwer Surfacy ofed cover glise 2@ Big. 1,

o d d de of

Lo TS o L
[wﬂe nrhemmam 202 iggenesally acfestn ComBEGH é*“?ﬂsy o 'é‘&‘F‘tSé’é‘éi FRAE
csmney S The aieapaﬂﬁymz@mﬁsugm thé sobun cellt 108 lby sodn edbl 10f gpnverts
%cufev gtt ZCJSI l.gtp *lr?ed %{Q'e}{'n ia fY %o%p Qia&szm laflf {hy @ uﬂﬁt%@ r]ﬁtlo
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fa g noxi patent

loss is disclosed in cited nonpatent document 2 below, in which a transparent part is formed of a
conical shape, a triangular pyramid shape or a quadrangular pyramid.
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which a layer is disposed on the |ight receiving side
of a solar cell, which |ayer perforns wavel ength
conversion on |light of infrared regions and |ight of
ultraviolet regions that is not conducive to power
generation and emts |ight of wavel ength regions that
are conducive to 5 power generation. [0007] The
i nventions proposed in patent docunents 2-14 however
do not operate as effectlvely as antici pated because
there is difficult r f r Qethods in
o8GRy By psngeimenty £ PLaRes 1 ey gﬁ&“"“ﬁ“" o
WY Bp& | iotisfobddgint the Fight trcwﬂgl)ig Flé‘y%fra solas g1l |"‘g“ 6ay§r£ah§/;d °m:ﬁ
w avelg%?h &%%gtontl nt o\ﬁ@ﬁale@ P@tohs £1@ Nigke rof icravioles reggring theids p
lety of direct h@bndadive to
copdiicive & P‘{“ﬁb gef@“‘tlmﬁy’@'l% e f&tﬂf ur Bl

e I's not only guided into
pdweegea@itionbut travels in the input direction or in the
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wWe%Bsﬁfﬁonv% @(;imttédtlﬁi 2 v2RQOF difeBtichiosgathes .qmmgb@gymfrpgn of the
l%{sggchlr% P%/}%tglglﬂ ihtb ﬁwfg lcﬁ%u't Qﬂelgnrth’eclﬁﬁh'i §ifbctsod lof AGK, frontal

daedomefithe 1Byer [s\prpqx@gppﬁqr a0 tth%‘ih{?ﬁl?Pra 'l% 1gixt cﬁlgs x%? %%ute to
S Qheraton. Al hara, Y. Yaoita, S Tonsyo J.

talli a2 20RAutioat 4938 Tebhelnge rind
I‘Tnf%ﬁeﬁtpgeglge t F;at\{(eo:ér’g]?l &pp i cat i %ﬁlarLal d- Open No.

$3005, AgCSeI 1. 2000Pat ent document 2: Japanese Pat ent
N%mpitenmkm 7. Hir6khi Yogsta, Notire ROGB-SERBOSSurfma Qpfies abEs A Ne-

g@%@ge Pat ent Application Laid-COpen No.
81@@7 6 Patent docunent é f2]{ £3€ sPRESLY. Yaoita, .
hﬂqypdtqntétcthiéﬂd@%%fpl@m% 5 é%gg Shl’-’atent docunent
gdapcaz@ﬁﬁﬁetﬂadmm ,ApppP2Isc2008.0n Lai d- Qpen No.
dogu%{ge§t7191aﬁﬁgs§ %Ent Qmﬂﬁﬁﬂtm@o chaPAIVOS-E01PER ent

mmemenﬂ Jasﬁlﬁ%ﬁé‘g‘éAP% featicp 8%2 OP"“%‘gi’f %8%%?? enqto No.

PAABIoDRARI6 JapRatePatent dppligation M@W%éa B34 ent
%? nt &o%ﬂehgp Ja?ﬁi'}aéell’géﬁtl gﬂlcm{l L&Q—%em#my -243682 ent
apanese Open No.
Payepy dogguepby J aPP‘&f"é’ ﬁ'ie“tc%’g ﬁ%m Léﬁgjp&%@&p gdr?g 32 (t@ E’gjt ent
Pk dce@hdnOi Jdpariesh-Faypatrphlisationdaid-Operoly 19 3ﬁt document

?@@gg@&g@f GapBleitlont PPl daioM LialarOpk:elial aogwmm

30 Pat Pat ent
Regen docspgt % Semma SHE AR T Lo "*??“’“‘Eét ent |
mﬁx{t dcnca:mm?t Jatpameda RatsetrApriicationd o %’9§°/ §°° 193%3 docunent
%5 %“é 00688 %ﬁ{&%emmmlm mmm SE@; t

al € en
REERt F%‘él’f‘?“éi r‘."&?"&s%t%‘e‘%‘l’i%m‘g’%&%’% D 2 B Sl OSURE
@htert dibcutnpdy ENTdp@is Fogardio- 366072 case of the above

%éﬁam@m &9 mf,sma raRad Applitatisadialdeped Ke 21666938 i s t hat
2 n| fic

f t
Pﬁtayg gcglmarft?{] h@)aléeati Iea{entrhé:ﬁléa %dgﬁ dd) ﬂ@ qbdg\@egsef racti ve

Patent document 15: Japanese Patent Application Laid- Open o 2002-225133

DISCLOSURE OF THE INVENTION .
[0008] In the case of the above described conventional PV modules the problem is that
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encapsul ant 202 neans that |ight incident Iight 205)
arises at the boundary face, reflection (of the
nmeaning that the light is inefficiently utilized.
[0009] Further, with for exanple a silicon crystal
solar cell, solar light that is of wavelengths 5 |ess
than 400 nm and wavel engths | onger than 1200 nmis not
effectively utilized so that approxi mately 56% of
solar |ight energy does not contribute to
phot oel ectric conversion due to spectrum m smatch.
Figfidaht Miftrbnct e tfeoreggoive gefiartive i indwashe bbjselart celif 1001pad the
E’ch 260k éd)zr}}(e%ﬁkttw floht R0l bANd iHGdeRk 1M 205t & tRAYinAgFy face,

rove ower  gener at| on effici ency and a wavel engt h

W@F%ﬁh&hy‘ﬁé‘eiﬁ%‘ﬁ utilzgl r apping filmfor the PV
0000) | eEurthed Gidth Jforlekampe assilicorr drystat sobb palictolaplight et ipefeguaingths

;legsvﬁlm h(ﬁ)nnrll n(p &Q&éiegﬁhSQOrP v MH'QO@ i @tnof %b@v@ﬁv tﬁlﬁiearso that

| oss ectr m m snmatch. en bI|
BRI PR et IS TP SRR SORGS [ areng oo P bl
pevEim giemactat i on ef ficiency and a wavel engt h

ﬁ@éme r\%itl'pﬁ\e tfé{'%%mt%xg laitcw ttﬁea&m tﬁd ﬂ)r@exﬁtQﬁventtoh Gs B\»f)rowde a PV

G P oo e et RS o o
Peygagflim fr the EMtuiodwe. pr ovi des a PV rmdul et hat gener at es
%Oq BLr & am)ﬁ@rrobje& of ﬁ§§l’@s@1§@nv€tﬁloh RGSIRIB & PV in@hidle thit@edidagsolar

ere ers inc ralit .
|hs%ﬂlﬂss %%@fﬁw."hsgmfsff 8“6@?‘#%% ekt *’¥ﬂ°?e““ n“?*r%%ﬁs‘““wskb ding
limgreved powen genliatidn, effsteagytanthy wivelspath weveﬁqaéwrﬂ Hightrapmme fiilm for
| gRGVARSILIe! | ght ent ers this plurali ty of |ight

t é@gﬁ’ rqntor € SP]IV%/ t(?lel; 3 ove @cglb dﬁp 8{ rtﬁé PV f¥dille reBted &)qgﬂgesent

Tespective refra tlyeh
|1m§re,t)oe Proyfdes #iPY rmduhe Abat gopogis F'F‘“g"f‘ﬁ PCt“FbH‘s‘r'ﬁPP'ESF R\ 2
ahfingd layeidd nicibérd ﬁltcmmg 4 plGtality of HyersSethdight tragsiitsig properties (light

Iéxggsrmttnr;ﬁ],]laycrs n wth1ch s%r%n%cl%dmv the sulg %mn%cmaﬁc%t flght %nt@rg thls

east one from a‘g}f ?r %
| AlugHity qfﬂlamsrmsmwgayprawwgsq adfirsy 1%«?@%?& GEHFE oM B FOHC
trypetibd efdctivetifidae biithis pluatity betightngsmittinsleysrs agtfagp efragtive index
I nCslecgog(? ‘x;efrgcugg 3}94}‘5}{ e Inhf reﬁ%béjﬁﬁgx o ' \QM'e i3 &tn? kS anmt Kéteover, at

oo gé 81?1 TSi ¢ light

v@m@qné AryerHromAPES g‘Fé‘ﬁ“l‘Wé‘“ﬁ“f ﬂimtlsr %B?i’e ‘bg“} ?ﬂn‘fﬁ lagdype lig
i tRppibifl Rl Faving 4 @RGST shage GLirsiheidepeside] WBte3he ingidanhlight pfers, the
ﬁi#{n?e hAe of allhfd 1solf6 ) raH@hﬁsZ\@gel@tQﬁ%p@Eﬁﬁ tybe Bight tthAfping film

t trapplng m as shown in the foll'ow ng
‘f?@hﬁ?‘}%‘fé‘femé&t‘ﬁ?%‘%l on (1), should preferably be 0.1
o[|0013§33$n mtsePN mddele thearled emginializsfl absprbarice picfecrlighi tragpips filg, as
4%19 ﬁﬁﬁ:&l‘ &ﬁ'l:smg% 0, 8Bl Piefdrhbly36: B or/lgawhen the
oL T é‘%n 45&&@ Is the transm ssion rate,

L Wgvelen °féR7 s 8‘"(‘m) of the film [0015] It

|B\'Ia}mmﬁtealaﬂablesst0hé1 the incident Iight side in which

the incident Iight(gnters of the wavelength

conver sifofwt t Papping film has a

multiplicity mc protrusions or mcro recessions of

c9014 alHest B pehedmnsmission misgl ie the yresas icktesfem\ge iR Sl
B! ude %r&éﬂﬁ[e%&%ﬁﬁ’d‘ﬂenﬁ@h{ §@1i6 lwhidh rieGiicdent light éxters of the

| [
a&g%ﬁgﬁg %q%v%%% F"gg{]tl il eﬁ 'Px%sl ﬁ?&ﬁlﬁ&cﬁcx%f rthlﬂ plons or micro
alzswsidys of Gogikal slape @ OQiagle mmm@hﬁpp S’lt\‘qub'ﬁtle“‘@FS %@“I’%‘o
N[Bo8d)d NE@bver, it is preferable that the fluorescent substance of the wavelength conversion
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convert wavel engths. [0017] In other words, the
wavel ength conversion type |light trapping fil muses
the fluorescent substance and absorbs |ight of
300-400 nm and emts light of 400-1200 rim In this
way 5 wavel ength conversion occurs in the wavel ength
conversion type light trapping film such that |ight
of wavel engt hs 400-1200 run is guided into the solar
cell, where it undergoes photoel ectric conversion.
Thi s overcones the problem of spectral m smatch
[ 96l Bdht krappidgefiim abddebs ightadf SOQHE00 @@ rovets Sipid Rf #YPE0Y hghind can
t&ﬂg&g@glg&kF1haV|ng an uneven shape thereon,

es u

i NC orescent substance, and thus, to a
glO8KH e rin ether avapds.tlisaysvelqnesh senverapn fyesdieht trapug il yassithp fluorescent
pabaitce dicabs@by light abinodo@nd and baits hght efl4tacemment dn thinway

V\'Qllv(énn%f &{gﬁﬁ%énv cdrm &is v&a§el&1gﬂtc[)rgrleljsiglgt e$fl gtrzl&)big%: Iilm such that

trappi one, a structure is ovid
e}@bpfé@,a@wétﬁ Q120 fresis gaidedringo e, sater s RS ‘hﬁld%‘i?%Pb@F?ﬁlﬁﬁ“C
camwaﬁaiomms&@me&mﬂwpnbymh&mwm@hmhﬂmmneven shape

[@d 'Fu ePQhed\!v ! h,Véo t rsgél1 p'e gEﬁt t %rhgslnlngeﬂl ﬁ%ﬁ‘ shape

bot h I'nci_den en1tte nor e
e re?ﬂ &tudss 3y HP‘H"éEfmt i“'H’ée 284 Hps.dapy greaﬁ?s eft% %%mﬁves
noopléyed acgeniciongnettol dbbre 4od etb@rited donewrhts,om whield wbagive index is
S Qinﬂ'{)lleli 'uglig héthPé&Fﬂy Binf Qonesep &ﬁt:t[u@lls J@%henalﬁ&@u&ﬁor effects

|re tion o realizes

nt r ol vel &
ﬁ{ﬂu sap P r&hwave‘mg% PIEEIBn YYPwer é‘“’e“f“?"e‘& Fligpg formed.
pthwérrecgetyexf &ighit Grrontfol @203 that both dheidertt Highs etdemittel dight lsgis more

dgﬁg&hgggmgqpmggﬂ§cdﬁhe wavel engt h conversion type
n f|| for the PV.nodul e rel ate
b B0 e s iodbing G strciratl e v SIS iphlotfe
I Pryfital mismpigh.nagpd fbiy | camtfolling ghePvavehpdingétion tofy ézht getliegsaimprpved light
ehﬁ&&ﬂoheatmmreleﬁickﬁ§m§§1ertaﬁbnl nCI dent |i ght havi ng

cl udi n pl
mq.[l f)r er to avc tﬁl bove d V\ﬁ%nbeﬂ ow‘ é theywavelengtll'n%onvFrﬁlon type light

ers in ast one
| mms ﬁ!mfm ¢ PH ewmlwlaqefi ww@fesan igrretiqnrisimisayplengthygnversion type
| aye trsppag tfdn dcbrra@vf mhéde e gdnéraei@dtiriclpo@ditin Ripdese u? Rcitaelipht
aﬁaey Ig\ri]\% g(]éﬁ A} RYers nﬁ:ﬁx m? 5 gllurgﬂy m%l%ﬁﬁlah&lﬁ&mgg RQ+ \plg%h alt iegk one of
ethedayers h‘a@‘géhem@rf’f Sgh pansmitine dayprs ederding &?rtl Fe fnmdent light side
Sisafstd 80 Wivelsigth@nisith typedightvpgily fim, tha Gictientlighti sylatin which
e ﬂkﬁéxﬁ hgk Igﬁt?rl 945 lz{ruﬁelvlerl: s\lflapgfthewoxg I;Ld ful:t?eg m fr&g th% @M@ﬁ'gm which

nmpri s er seco n
| gyléﬁnt light &“‘P‘ﬁ’e‘hlf elgﬁéé of b@t Frapspiting; I%rs |°?fEF§‘§"e% ﬁﬁ? 1a¥eﬁ|asse°°nd
playeral mtly lapdr, dnid gffet reMmVESlﬁfratctlvmgdexésa)ﬁ ghissphasiligy 6fi lightt transmitting
r ﬁ}&@% mé?reﬁ&q%d@; n,, S8 %a&ﬁﬁ fnﬁ&t ;Y e\t Andex 1., where

refractive i ndex n

C e P r Boie B aiten Pl bredaet e med fisgmsipel ghpyersion
tmpsllgmvmpmgghmdmyaeﬁ@re@nmswmﬂ ight trapping film

' W)b dQﬁoerf@oevE:ll ﬁ%ﬁeﬁ%ﬁe ﬁé’c,b%t SHOGA -i n %%%r@%@aﬂexﬁ\@%ﬁ@‘(ﬁf in the
em%ggtﬁ i A ‘Ylferllg{?‘ﬁ‘épp“%ﬁd'@‘é%m&f’ﬁal eoﬂﬁe Pl a%f%’am‘s ot
| gghter than@dprhegg theiwavaleBGD of thdracideat light 19400A1240me. | zed
aPRhPRARGPESrdsson?Pt  greater than 0.1 where the

wavel ength of the incident light is 400-1200 rim
[ Mat he - y2] a[ pn - - to 1 (T) (2) 35
[0022]ma; ﬁﬁ“T i sLt he ﬁ?ght transm ssion ratio and L

t II@ZQV HAY T id thd lfgkﬂﬁﬁs%ns@if(m taB&addi1) the a@&@e thickflest &Q?e:ﬂlm
Again, it is preferable that the incident |ight si

in which the incident |ight enters of
4
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t he wavel ength conversion type light trapping film

has forned thereon a multiplicity mcro protrusions

or mcro recessions of conical shape or nultiangle
pyram d shape wi thout interludes therebetween. 5
[0024] Moreover, it is preferable that the fluorescent
subst ance of the wavel ength conversion type |ight
trapping filmabsorbs |ight of 300-400 run, emts

i ght of 400-1200 nm and can convert wavel engths.
[0025] In other words, the wavel ength conversion type
I[oogh]t Agaapnhmeférwlmmsn&dm 1fghtu;me @5 @aEH the HEISE BACKters of

g bS | | ht Ofl §§tot(r)a 4008{] ormeH.lﬂﬁ:rcon agnuitlgggltﬁ micro

"have conve
mrm@s Pﬁ“@ﬁéecmv@l OéP@tch‘ shapp o'enuiiagele Pw@d pliapftyithout interludes
tﬂseadaaw&g film such that |ight of wavel engt hs 400-1200

' ﬁ(ﬁt be lé{)v%lre q is preferable tﬁat%()lfﬁlurresc it sdbstaV\I'Qg fqhé aﬁ'ylgl r(%f)v%%lon

éweégbtcwwg fitms ﬁba?rbhhghf 0D 3910 PFE“SF"Shhﬁfd‘l?Péz om and can
acoerft davelngtes. t he present invention the relationship n,

g 9]2 In-ether]‘(w&l&p the @{Jel%@ Jogve}sn)g )!;?gfléh@ﬁé}gmgﬁ{gﬂg%sﬂuowscem

efra
HRABRe72d absorbs ight of 3P0-$00rmem e st igbicst 441208 flp this way
pﬂ/auélalbﬂhtqtnv@xfsmh b@lk i thawswiehdth cogvdrsionaype lighadappi@rfilicsuch that

ﬁ t%ms@xes %o 0b | lnmé kd@(ygl{o thPolREGR Jmﬁ erg@ﬁq,hs{saéemc

Yer; one rom anDng ese

t?‘ﬁ’ﬁ@ﬁ?t t?hﬁg"er‘f%'f/%q“%p‘ & ofiipesd! jésraRd shape f ormed on
t[p26] nini thkePN mbdufphiccadigheto ithvt peseun ingéntibn Gy telagoriskp 8; < hhe.. n,,

aﬁl&g ﬂﬁ&;a%[ eéﬁgeﬁmg&x%ﬁ,\?%g g,:e gpsp ?efrhc‘i'iyceﬁldéx%l Js?c§nd2méacn@n9dex n,.

|“P13’1 TRfEpGUVe Andey P PRIAG RIprALITY aﬁ@*é ﬁ*egmmg%\a aﬂ?#p ﬁﬁl}? Siggdoasa
| firgy Retyer Lt sebang liyér @md m-ddt layef; pblasst ong dayerrfeom agong@iBese light transmitting
qiyus%sempgfamts@m sﬂase foRdion ark lhad&,hﬁghwdmd,tmﬁeh 1@4{ énteesr the

SR T B ST D 20 P DB e g iy g DAY Bpopine
rﬁﬂwlug@wé}uamcm subSta@e, Thus b repeaved Light viilizdtion mip(edwengpngration
cemwy; b e kmed Jnltrgh»tv rhdd@p P Faghek, Is$1mh‘gmosadu@\6 gimdml nsmatch

aCC adnbcl:'%g I %1m8rove uﬁfl%aﬂl nr\allf? Qx}dlg?egtm?poper I'gencra on | e
HWMOMOWCLSH ﬁlssymﬁ@ethavnwemog mfpe dight4@ening> il t9fp jPY module
eldokdido the lpn&nmmh@rhgto&s&mu&taﬁmnusb@ sua5th§tﬂi‘gf1tQ)f foe example

[ I e .
egof)—lélé‘d rﬁ-ﬂgs %306 Iax?d ﬁg@?&l 4&‘)6 ‘f_%db mrplrs %9\ tt%gpﬂ%s w%ng %Jx%!)nv%rﬁon is
fWﬁ?fF’é% effigiently 6@15 spadles the problem 9§ @ectlal @Wﬁ@t tg g oyegcome.  That
[ ©\say(lBdasduns flieredhiatbstifdess indide@ & kttudtre Wepr@idedigyitienables more

Ce%(%ﬁr@% % ﬂeng;ﬁ %ﬂ@ﬁg&g % g rlgrpelgtﬁlg S(’I'Lﬁ &Q‘P’{ég%cgr’e; ig&elgﬁlncgﬁroh ng)ﬁght

Sapriva f tl’i“ég’“?ﬁs in a%@%femf thecomyepsipnabirt | Furthes dhefto theyfammagion of the
t five ufe@¢nshipes) the directivi of fighthie cohrelled uch Idapi®eh, indidest light and emitted
qlgﬁtecg“ ,hgré/eﬁqglen{w%m ed lothd Bt &R! | €d such that both
incident light and emtted 30 |light can be nore
efficiently guided to the solar cell. BRIEF
DERSERDESTURIRTION OREHHIPPAWINGS [ 0028] Fig. 1 is a

gb@%p FigClLik 208ds-seLtighal Ja&ucgfofa SrOENGRI Wﬁ@dulepv modul e;

'S a cross-sectl onal ravvln of the best rﬁs,
for caF'ﬁy% G aatsettioral Stpwing of thg best modefor,cagryipg oyt dheHygmodule
[reesdingto thapeswettiirntiokj g. 3 shows the configuration of

588 _ Wal*‘@.' £RGHOmE OoRYiSratioR Bf thy R@veieﬁ@lh LonbdrSARYgR Qigfn' daﬂﬂmg'Sﬁlm
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Fig. 4 is a cross-sectional drawi ng show ng the
condition in which a nold filmis applied over a
light trapping film Fig. 5is a cross-sectiona
drawi ng showi ng a configuration in which a PV nodul e
has 5 a light trapping filmwth nold film adhered,

di sposed over the solar cell; and Fig. 6 shows the
processi ng sequence for applying the |light trapping
filmto the solar «cell. Brief Description of the

Ref erence Synmbols 10 [0029] 100 Sol ar cell 101 p-type
ilicon substrate 102 Textured structure 103 n-type
ayer_ 104 Anti-reflective 201 . ASEm is

202 ik éﬁ%ﬁl"é?ﬁ%‘“%‘t?ﬁﬁ Wéﬁgeshﬁ%{% @5 %‘3’3’?‘8’%3‘?%%2% ght

aiptiefopyeradightitfappingd®; Mol d fil m 302 Wavel engt h conversi on
ty |OeI Fid 8 a drds Rl &Miﬂ@sﬁ@?@gi a"tgnﬂgaraﬁongﬁ)waielgia PV module has

Nvel en canversj on typ ilm

+ o Geopip Bl SREEY Bl b onpte Bir bt SRR LMD, 1

r ef r alig. i6\shovisiabeanxocessiug PEARAFRIOSIPPYHS the &ﬁ‘éﬁfal?ll?r&f\&‘a R

il uorescent substance, in sem -hardened state 306 PP
film 25 BEST MODE FOR CARRYI NG OUT THE | NVENTI ON

[ 0030] The best node for carrying out the invention

Brief Deseriptipnins thy Beferepss SyrRglst h ref erence to the drawi ngs.

[&hqi ol S ad&ngﬁs-sectLonal dramﬁnghof a PVv an?Ie
oyjng.a silticon substrate as the materia or a

‘§g|par3/'§8%“.‘°°%‘lbi“6%31] This PV nodule is a nodul e t hat

§ener Bxedare®e i ¢ power when incident |ight 205,

1@t er i-fge byedm t he inci dent side by passing a plurality

@%1|igﬁimh&ﬁﬂ§%k1ting | ayers including a cover glass

, encapsu 202 and wavel engt h conversi on type
0t ght Coverdl#Fng film 300, is guided into the solar
wel | ERpsuidite | ight transmtting layers in this case
jopdi C | G nBhitQbbing@@Vi di Ng a concrete
%@anpﬁé%%%gﬁﬁ%&§$§3%%d%é. %hgther configuration could
W i ndoldfdmf or exanpl e providing an anti-reflective
joay er Wavangtl) kawesipmtyperlighittrapifingtfiva sq@rggPtgl ass 201 at
Be | RELAERE chivElibn Shel@nt thappilg TBm eRGRIakbapopament i onal
\/ o ulgs however, an anti-reflective 6 |ayer over
Yass FELHLt usual, neither is it essential for the .
poSes e Mighi nefyashivei ipgex resin composition layer including a fluorescent substance, 1n
semi-hardened state

306 PP film

BEST MODE FOR CARRYING OUT THE INVENTION

[0030] The best mode for carrying out the invention will now be described with reference to
the drawings. Fig. 2 is a cross-sectional drawing of a PV module employing a silicon substrate
as the material for a solar cell.

[0031] This PV module is a module that generates electric power when incident light 205,
entering from the incident side by passing a plurality of light transmitting layers including a
cover glass 201, encapsulant 202 and wavelength conversion type light trapping film 300, is
guided into the solar cell 100. The light transmitting layers in this case indicate the
configuration, providing a concrete example of the structure. Another configuration could
include for example providing an anti-reflective layer over glass in front of the cover glass 201

at the incident light side. In the case of conventional PV modules however, an anti-reflective
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[0032] The wavel ength conversion type |ight trapping
film300 is a filmin which uneven shapes are forned
on the surface on one side, that is the incident |ight
side into which light enters. The refractive index of
this side is 1.6-2.4, it includes a fluorescent
substance and is 5 transparent. This surface on one
side of the wavel ength conversion type light trapping
film 300 has forned thereon wi thout interludes
therebetween, a nmultiplicity of mcro protrusions or

n"lagér Q@vdr §ﬁ§$§do%§a1 nt:x'ﬂ@r ish @@&tlgffor%‘ﬁﬁséﬂ{ 1n$eh€o%e

ons r eceSS| ons I t her oni
P g Sk G ERe B8 et Bekec g 00 S i i wneven
f ehapas afe0RBBY o te shkich oul ofeoridepthgduthe mgidedt dightaide inngrhibh light
CaliMder q‘h@ féfrﬁéﬁp@mhéxg)‘ﬁtt}ust dRAP l B9, 4f it kn@lhﬂ& %fhubrgscenl QubkthRe and is

present ention invol e
P EERVH: o TS TR LT 1€ PEpe PoyeFARR Eorrss Vo iboing im
0p®0 les foryedgherdoh evithquk interlidgs thenokestiveery @ muliiplicitl jof wisiorpgotaysions or
v Mﬁh&sﬁéﬁk ned ﬁipe oiraicﬁ off thés%rotbl)élonﬁﬁ'r&&s@ﬁ being either conical or a
Oé@ ég |por % bﬁﬁxl &gsgggopd i ncluding titanium
ARG A AP A O "l uor escent subst ance,
P I{Q9§-’r]d elhe imgthpd @?r Prodyiqing ghe rwate!qnwtb conpiEen tawdlgWGM%@mhlsed in
c ma\pee@éilt @RentibilRGIIVe® mlek&r)ﬁle Emeﬁdg Qrﬁlm as a kdn@haFRhA'stalt] that can
glﬂler % opp ca*l%(/: arlrﬁl'l%:ﬁﬁ%eha%ene% gve{ X ce g Q%%g\lnxtle la{%? ntr%r S a@agﬁn by
PPamgym qrgpaiciirogganic hybrid §°"EH9E*H‘ 1@‘(3\?‘@6 é‘b‘“‘u@ﬂﬁ'@ afkoxideand ingludips 2
f ifthdresSent RuRGndEPpiovidds it b Kiigh feffbadd infie amia waleRAGh [onversion
n e |
C RRUEEL phBPse P Rcd SRR Wby Pty S BAURED it Whace
s &g filgehape by easerzsrﬁs 2jbassilm gych &%ﬁﬁﬂ dedikq- fiyplensoryrdanne a
S wdpshtosfild, suchias PP éryediké.ayer, an anti-reflective | ayer,
a (foléﬂntTh% wat/é&gth Q:Ln%@xts&)ﬁ) W‘?ﬁ Ilgltk?éﬁ{ﬁl Sﬁﬂ’nf@G% glgered on the mc1dent

electrod W¥ ength conversion typ

HgH e Pé&ﬁ Sﬁ‘@f 1A 3abe polae sEin L0 R gxamplerb-we ficon
Thlé)stiratcg lab nitypappiengn ant-rRASOE lawr, ianfra mirfact elentrods, a back surface
a@fe&troﬁce A pepfaileye "ﬂh@%ﬂeleﬂ%é cdﬁ(ler&(nlq esl%l'ltq{apﬁfé ﬁlm]&@ 1s adhered to

i Wi RO A ORI it e

sisdlareghl0@ubstrate or single crystal silicon substrate,
ussons fok L¥anml aod hseapsﬂwp%rysta5arﬁhéehﬁﬁnsoﬁﬂ Qsﬂ rﬂa.t e,-mglt,ys a

i ck of ,a few
F P RsESHTEor pSels o PHle et ik Bk e e the pivpe
s isligaagnbstrabeftarthickmess pOORE hunded wemt An pdspk dayeriis/formed ypiformly on
1Q45mﬁ@mgmk§tﬂﬁ@ﬁgﬁg&@ﬁ%erefIectlon of incident Ilght
(g)%é;l eﬂlt : %ﬂfl’% r F :jlg)peg l&):ﬂ teprtlavle t tra aﬁll ncglfictmn of mmdent hght

rous S I CO
r @ﬁc'a@ Yi tveperirbdéb@ light trapping fky200ognd pmgloys for ﬂl@tarrurcquw n film

Othavigl 4 eBactSE ,mdéu i B¢ &ﬁlgeNoﬁD gl2 30sthytked ge Elhddn SThhﬁogéd Nrand
S _fﬁO(H(l) %n Ple ?l]:c\is gl hmﬁ(lf Eeg ! shc.em rllzglg - 70 9 ?@mum oxide
Titan um oxi de use or i-refléc
I&V@F“¥G$¥ﬂﬁ@@B¢ﬂ“%§”®@éE¥1bed above, on one side 300a
offooze megﬁneemgme R BNESIdR 3002 of HP RaveleHiit cohversitaitypg tht trhpiing
30 ?oonru *}Q yCAftcé(mcgf p%Pc',r% n-%hr% %% of Fitbch | m?}u”s%n&r micro

pyram m-°cro rusi ons rece sl ons are

f 6@??6‘8“553;5? Eompedrrgr gasg 3 ¢p eyethe %idec308s mufonypy These multi-angle
u rpyrﬁﬂrdm:y each BEEBstaftidlll ithe 4@ form3 S TRYdoaiBd] eltipa ko &8 6f subantially
sbs [

SR, e LSS TE KT GBS0 0% Bl s
fornmed on t he |nC|dent side (where the incident |ight
205 7

LXU
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enters), while the opposite side 300b of the incident
side is in contact wwth the anti-reflective |ayer 104
of the solar cell 100. As described, it is also
suitable to have uneven shapes forned w thout

i nterlude therebetween on the surface of the solar

cell 100 on the other side. [0038] The refractive

i ndex n3 of the wavel ength conversion type |ight
trapping film300 is as 5 follows. In order that

light fromexternal sources (incident |ight 205) can

elﬂérsf R8Ok Bp}joglﬁrﬁdé 30063Jf Iﬂ‘%tINClCQIlt e fle i8lc6iMct RiOIne &t%ﬂécﬁ’ve

t | di ht
Pt o i St 01 2 st 1§ o iy e PRt R
withog ey tidtha chatweensinthe serfapeofltiegbler celt K9 ﬂng othér|side.300
[§6§@P| ¥ dalidfex L hathe %Q@ten@fl cc;nbﬁsuﬁﬂﬁﬁm Mltﬁﬁﬁngm 300 is as

reover

WS- 1aof %@‘?tgléhﬂf%?y*eﬁxte eé?mf‘ﬁ%‘ @gﬁ}f g?’ @4 B g from a
\tahms of fifferemt fangdes twhile niimindieing fr@kctlotn dosngfficienslyqguiding dight into the

s‘aﬁp Y890 Rt LiREvel dlcﬂJa E‘or ke Wélé’hgthfcbﬁv@?sxgﬁ) Q'F§ e {rii)pfﬂg filn1300

n 6- r ef

IO i i TR B El oot et o
ahi-rdfledivb aykr 194 pfwade sslauelldﬁﬁbd@sﬂl@ rﬁﬁ?éﬂveamiﬁv éor d@s‘wﬂwﬁl
doRekEiR Hpe %%ﬂ@ra&lfufgth 360 6y1d 6§ inlilRGarpe bPE 2 dnd @618 preferably
i% trate and the back surface side el ectrode

is fornmed thereon. Further, a BSF (Back Surface
109390 d Al pagto G ths badk spidicprisdorgd erhibe bask prfagsiids PPRORLS the
ébbWTdeEUﬂlUéd RcilldAesidd (vhiidY) pAGE §-t@pe silioeh fubgiste SIOI,fahd he back
s¥u ace 51 € electrf)&el% lslfclbr{n(e:é) tﬂcagorr]l tpu%g-aacé(séﬁﬁﬁ( @Er@acéi’ng lL)gr 109 is

power generatin
@aﬁ‘a éy thy reaft@e gfthe ghyspinunpia W@W fzfldwé?‘%?l fidgyuth the
illio@iﬂfon ticat@plt R@fatel did® t3A&m 4 P+ tdyele protiding &gyirdvied pédveer generating

§|ent direction of light incident fron1nu|t|ple

es into the solar cell, the finer the apex

(&H‘&l Fohe gY<egh(tERETTB ok ot B il o Hogrdr ‘M*&P‘éate
tfficene dirstionadf ligle tincolant | fesismétiplé mgleb mtontbkasolar saly the diger the apex
fe\ﬁ?e%ré ctiv'e ARGl kAP pHQ\gevfall WS i@ ﬁ,ﬂe&lbrﬁlo&%t A6 bouBdaky

hen | t hat apex an

00
Rhte D s bt vamas M0 b wl poe OE e B oyl s o
g dat xteﬂaecem bight may lhac queﬂb e stadufe glhordergo erplle the fefleatad dight to

?%?ﬂ%tﬁg dlé I3t i ﬂlmrlilbo faiidodgio hﬁﬁ}gedsm e B&lé/r cell 100,
u S

o &H‘P‘da‘}glfeg'f"ﬁ?/ %@%8 5t 06 o B DRt Bt &
wmhnemﬂsmmmmm@@wp@mﬁmwmance and nanufacturlng

oSG Sﬁc@cﬂdmé B noﬁfaﬁéﬂtr dbunt pth@ hlE&&L tlﬁ:chﬁsﬁﬁﬁeﬁﬂﬁ value obtained

ument val u
B teistorar yrfens wpd By 2 Piade P oM, | s where
thy refiesive andexais 2 Dafer the B snode it ﬁepmwmt?lnlm 1k y Qbigisg the fine
e@éqﬁﬁ&lthbwﬁveﬂ BgﬁiﬁlsbtﬁonZhé:brodﬁlafon hﬁﬁocﬁl\{edﬁodm eit is

ﬁ@g IO r egg'lﬁseentymventlon IriIIOWCVGI' JOCS np){ @tg.ure P)h Qﬁe St&lLMCtIﬁ%? %hogs

owever oductlon
ths eenfig@etiop @t)htzyvawh@ﬂp@e@em txpﬁ\lle‘ﬁ tRRpAE Me r Avhewn indie:

B B ligh€ trdpping filh€B00 ripdedSih iHeGirddén€ invéntih Gn H6 CorSiderddna divided

f
pu gp:oglg;a R me%cﬁlw%n&h&ﬁ%&%er %Leosgat&gpeﬁoh Gl be
snr%mﬁgddﬁd fOH‘?VBwV@rﬁbﬂ wover f9rm of fhe Sof!ﬁr &dliap. sp é*ml%ﬁwm
Sﬁébdhﬁht GOMRS hﬂedfnedapasor@lg v iNdafhlly, batrereistridnge Bapjlied @ thafrdnt

%%g§ ch? (M9h¥ %h enbed%i%n?o omnnéﬁggg%ngﬁMOf

uneven form of the solar cell 100, so the thickness
cannot 35 exceed that of the uneven shape forns.
Normal |y, a textured struct@re is applied to the front
surface of the solar cell 100, the depths of which is
0 -20 m On the other hand, the height of
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8 the multiplicity of mcro protrusions and
recessions, essentially a part of the light trapping
film 300, formed so as to spread with regularity and
wi t hout gaps on the light trapping film 300, should,
due chiefly to the requirenments of the production
process, be 1-100 m [0043] The wavel ength conversi on
type light trapping filmhaving a refractive index of
5 1.6-2.4, follows the uneven formof the cell as
descri bed above. Because the fine uneven form of the
|thegrdtipligitynh imingoe Brotiruvionsyand)iepessionsy pstentialy & paniof the digld drapping film
1380, i FoARed Ecﬁﬁttca tsﬁ?ah tavimfrTgalaﬁtﬁ Shd wﬁ.m)mo%aymh thEMBEHR rbsping | film 300,
S - har state. |In e _present inv on an
Sl AR R e of e SR et PP 11 uai ng
t{P043Ini The vavelengthatdupsdichetypsy baht dreppinghfilmnkpying @nigfirdstive index of
?czsmz@ _mbamﬁ waeetn_fd,ringme tdliap aég&a,eé %ﬂfe_;a 3 Q&ausg ma]gihezlina@n form
| refractive,in a n in Qr.m
(P e Do ol T oty M B0 Bt £36 e d BilTBompound
teateriplcin ) eainitherdénad istatet alnethguarteasnk inyersion @ \pEgaRi¢-imarganic hybrid
[0&91%' ife midiétal inSludisy 1BaYom feifa ﬁllcqiﬁgiprohiﬂésdm elSighi @n\gtc')shﬁ_type
v nat versian.t i tr n id m |
M S 367 KB 0 ok R Dl ah P RR ey ol i,
pileg Bupreseentsybstanceapust bs inclydedtoyfacilitaly syaysieastivepnyeaion,
ITO03G)TEThat B daf) iif 4 RinDhardiid sG] e WiveRilgth dofrsidn k;lepf: lightd €apping
I_nt. vel e
i 300 14 Sl BB o B sobrLel 1001 i e S DS o
SHPEPolyah BRRENL an mitiptgr aad jolyent apd the jke, ang drlaf Withgrsobvee At
alg$ paint fHe Ovhbdlenkth corversivvbty g tabpiteRneS06 is@erfect)sisprehd, giiedded
6 AR Vel Rt dnd @noriginally of a filmform the

separator filmis peeled off and a nmold filmwth the

P T ERgRhilmc R Ferigngly of § fln form,
|thegiagarater dbpiisngeléd ffrandrai il fbn wish thg finauneves farm off driwaedagth
Q%nvitcllgi%n {ygtla HBht tgapféi?@ﬁr}]ﬁ{oﬁléiﬁg %gaﬁép%lrﬁln ]Ilgi‘éatg%gs Me E(Jrnlg(i:s' thasfed
Eﬁ’@ﬂ 3@%‘}\@‘? Pyt Soped shapE e é‘%‘%ﬁﬁ‘g‘? VPR °€\}3§fé°| RAgEiRns o
ey escessions of the avatelegith canverperi tiep Hght rapBAOfilan 380 fig formet] using a
Udldim?.  BATHyCa bl Mim Bihédfshitad Rt RbSpIS intchd Jr@fuB o8 REQShs

i th mul ti ' i on . .
it Wit TGS e Reneeh U Lo BhEF SBEEIL Ty asiqn g sk
dwppiring fim 308, ecfasg g tvicuery tppénatignoproqesspie opde grtin employa joney feature
fréphitatiddproceRe T Dhefeafer id GldldMilth & Pedlef IACUAd e QERFehgth SonAHidA type

i.n_e 0 . in.a ature.. replicat.iqgn pr S.
TR R e BRI sy, 3 A, B LSy e ol
Vi en p yyevelepgsh conyossioniype Jight tranping filph 300twithews remgving i-m 300
I {804l TienMeld tiikg Qid@intoUvimt e ahiamplein@id . of Intultipfe MicfOprotrusions and

i r th I [ e velLen .
TR Sorked, O/ B, el Convirtn” B0 O BE cRBo withou
rieprdesribprobetweqnyilh rqw brislescrs dp defailm Kig ddbans the Gprditiom i which a
alid AAIGEITR ik 1ai0 bveithe twiajllcfgt céivarsif W lipht tippingfiléh 300. The mold
I A . ] . .
(6 381 0 BRAE B Bl SNEL P By FRELERS Mol b
™ e'r"é%‘mg@wew them, {haf, ipjR sges cip i SERFY (foraRlemagnt the mrgjrusigns or
ghvewiond foened omtie §ideB004 of thefMacdiength SéhverEibtkyeilightit3phingifitm 300 by

l,ai ! t or si Qn. i ql .
(Flng M ok R, B gk ¥R ekl o promtons
f%mﬁﬁﬂve?eﬁﬂ‘ ensversionfypedighs trprping il 3000 cr o protrusi ons or
r{e8}s s Tignsanufhétiring Pocédieedonsid eflajing the eavelehgtitontdisidn typeilight
so as to perfectly conplenent the protrusions or
recessions fornmed on the side 300a of the wavel ength
conversion type |ight trappkpg film300 by biting
together perfectly with no dgaps, thus providing a
casting of the recessions or protrusions 35 of the
wavel ength conversion type light trapping film 300.
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[ 0048] The manufacturing procedures consist of |aying
t he wavel ength conversion type light 9 trapping film
300 over the nold film 301 then using vacuum

am nation to replicate the features. Next, the nold
film301 is peeled off and the wavel ength conversion
type light trapping film 300 hardened by irradiation
with UV [ight [0049] Referring to Fig. 2, the nold
film 301 has been taken off, giving a structure of

| ayered 5 encapsul ant 202. Here, the uneven shape of

3“%) WR iRk Sl d ﬂﬁ%\fﬁﬁﬁ BONhenRRg bdctii laltnfnﬁm)ﬂ kdWGplichtb hngeatures.

dit t
o5 BRI 0 s e G o el sorigsen frerab ey tim
t@Kdm@peﬁbeummﬂhnWheUVéﬂmval of the nold film 301 and
t 9)049@ nme%xfg ReFik 120M¢ mbi ﬁﬁ:ptd”lgnag‘ Hel:ﬂ% Bﬁf giitled: strhdu of layered

a ondi ti wav.el

cBRuren i JBE BF it P AT T e RO Tt oS theping

Fﬁg1 308 iy ig a gelbfilled candition Wlthoa\mmgo Shi@apsdg net a8snf i gur at i on
[oosd)i Qhis Alss M)SBEIQ k@v@vé’n‘ %dlé})ensw k1R R dval GO the &oRil ANA 30 Y AR to

p?rloyegl alpggé l%)glsné Cf{p 8 WI ltéih%hgildag)?ﬁe%d rTH‘lligsalfldlﬁPH layegéd on the
mm‘eleemb;fqnvemwmeélglémm@m Bt trapping film 300
S[adel] | g, 153y € kAN dbwiag SHotehg Qf cohfip@ratiéh 1ﬂrwh(éﬁ lal PVLQ&YHule has a
ave?en%{x c?r%rr(s)lo%b@)e h"\ﬁvt?ag;?ﬁ%%h %6’({] qﬁ %h}?e er e(@(? {'llnjl lZ’»&lhgpphed
t H'époeﬁﬁ‘é\yeﬁhessﬁlavpféﬂ &90- ¢ Hee vrarvemgthscawe'a@e typslight trappies §'éﬂ 3P side
C @l lhyereadd theSsida @ @E e6larj Bl MIONQ OB/ RiFfadeVE 1S Gaddlengthcbnvdion type

! ﬂ%hg tr p%m@%h& F&OOl tl%céé’l \;JIBIQI% J &%\é{\{égn thte Iﬂﬁevgpéhgpe oh Itﬂpfﬁgt]surfaoe

protrusi ongor T ecess
5 G thesolsr st edierd Joinpg RyprebfgoRr «b Ao R ttW@thPlft goving
t ehapyild Ginf B0Inmis8Dfbr thEheotmibre rdh atcesgiomsyvo ke \athde surfaces1000 bithe

Q}Q\?e%%ﬂ Q&'R’nglmll k)gy Pgﬂt rtxg@)g‘lfn[gmijb m 'l\Ma & eI | \ﬂ:wf ;;rl)\gdes a smooth

applie used here_has fo
¢ FBFREIE 0f ¥SR AP flgh WA (VG AR T mold im 201 usod bere has
midonedp theort witdut iataludes pthatbetiséno rsmelfiplicRY) of etes prapngons and

t l%sss,bxgl Bat Rt | kmg p&ﬁéﬁgttbgeﬂkp%hw gyt BonpRidRRS ) the micro

.—FF (iotr sions and. recessi ons o0 th
C RS S5 DRt i s BB T iloT oo A SRFBIGS Bf te
t mavelopgtly ednaergjortypedizhterapping filny30@, nioreginr, therafgaiivegndex pfithe mold
Saﬂn3mmem&@eﬁaﬁtéla@émy&30mdex of the mold film

LOBEDY iR e AT 1 BF o e areloB S e bphek wapping
wélre B getvamish vsepaited rpverythesofar gﬂ’t and afigysiryieg tho eplyept the form is

3%&&&&%@ Itk nfolld ﬂilﬁl PA4 thik gsimqws &mtmefos b abldGih Bo1a® e pecled
t he, s transferred

ESr dr
u3| ﬁrto nng?lﬁdrhﬁn e\{’ﬂftq@%prmm onf' s suitable for
t K05 |Haefm¢th?#3f911h4r®nwe “?Fe@ﬁledm?ﬂsm% may gnvolyprgmajing the resin
apgthpositlonMoRginall eabla adodBinid GphPlo ORaedRHing $rddessck OdrMBetmal hardening
ng%gge The method for hardening the resin conposition
i'nvol ve making the resin conposition originally
0g4)t oThs d‘a’nmdubrfgw@ n diig @rimmlpyisg B aelaee!ll dPO0 pasdprmggpmple the
haiiddﬁsﬂlaﬁthOZ&Q :{)ﬁﬁﬂ ey&edhe feOhd indékes BV thet@iudr eglaeh QU andNthe

Flexg:'a salaﬁ E ,2 8 §8J:aﬁ§ f(%xr?wlsalemﬂ’ Otge Qé\%le&éh{ oty act e light

encapsu
i m@sﬁhegoq He SE‘@W’e‘PY"g [the gt Eﬁacuat‘nlayef Q4 as @ fhird fayen aa%the ntype
2 DZeraliO® acHfGiIRYeR GndWlicn Gl rbfyb,cm e,k ©fthg laycrdue expressed as first
WaaliRE gn‘dlék & OQXO%E éﬁ%&vll ik :efréc& Riepd %12 aTout QeBStive
a secon e anti-re 1ect|ve yer i) a
third | ayer and the n-type
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35 layer 103 as a fourth |ayer; and when the
refractive indexes of the |layers are expressed as
first refractive index nl, second refractive index
n2, third refractive index n3 and a fourth refractive
10 index n4, the relationship n, :5n2 <- n3 <- n4is
sati sfied. The wavel ength conversion type |ight
trapping film 300 conprising the second layer, that is
one | ayer anong the light transmtting |ayers, has an
uneven shape thereon as descri bed above, on the

inlleR Gil,, @Qﬁélatfbhdﬂfp rﬁegék M\ﬁﬁ&elstshﬁﬁedl NTHeGRMdienpth gtiver2iOibtype light

trzg)gm (ﬁpec nsmg?m s%fop& E%?rerl 1!h 3& onte @QPW%MG lgﬁteh(z)i%n{ltﬁng

av n I Tl conirca
laygrg, iviw -BNgiven pypeahirers aéﬂesmlhsﬁi abops: OP ithy dncdslert S&‘F 3ffacyhgre the
1n51&£1€$1§lit02'05 enBRI €8ptLifighll§, Otha Sight Otrappidi Ifilrh B3OS fupmed Yaving a

m{nlﬁpel cn mclgl hQ %{1 & mlﬂg ngg e %frgnquro?fn{lég hllo 10'[19 grelﬁc{&?}ecggsmns

converS| trap

spoRdng s ap t@cozew uriforydy | Fiyghe {eewfed aP(rYe tthrerefrge EYFt m‘%er‘ apbﬁ gy
whvelefgti3édversim t@bﬂgﬂﬁtwpﬁmgﬁhmmn &nd. expression (3), the
[Oé%:{ u OQJOVQOE iR v\gl& ﬁ'?péﬂ)g %”&%h&m irm) Q&nagw%ﬁgsnohlaﬁr}he

I nci de
valys(of 3ormpliZRtROSprRATE R AP géegfef E%p? buksrothe ?fvek?[*gﬂf fp‘ﬂﬁ incident
lighois@Q0F)20Q Zp. [ 0056] Here, T is the |ight transm ssion
8 average thickness of the film(m.
[* E%T Prgﬁﬁékl%n of the PV nodule shown in Fig. 2
wi Il gow, be dgetd) beokihe 3y | deally, the 15 distribution
of the reeftactiive i ndexes of the respective |ayers

g@ ul I“ﬂ:rebf3 1s§}¥éqghttug.§s¥ms§19§ra{1§e{nﬁ @%'aV&agE R RYes T QRIS (um).

continual 'y hi r sha

GO0 Bl PR o S SRR Gt LS e
diftribgion ofsthe wfrabtive indemgstolf thq ueshrstivs fyexs ishouldebe isurhtie the refractwe
1ﬁéméomeb@ﬁﬁr}ﬁﬁﬁy hi lkngov?@tﬂoﬂtﬁef Jhﬁﬁtvbr\l@ells Q‘}éﬁﬂoﬂe@ 4here meaning
i Si e ir yer n ]
%[‘A’f Yy s pRang i_l"gusrefcﬁxg iy éh nuénrbtérs qm rtr}éey 901 ent %de { ll-l?Tveve
@mmﬂ«rcnvp Ipsen K samiprising the tiridriayen 4n the gitype ladeﬂ 103 W“Sl%@c
fduBl BYed ard GorbBdt kHR VAT folnlaBéh ﬁr&:@ﬁ €or fériBg 60 &r cg)l BBS T layers
sl{apoewe? G agls léllstgég ttéor\{eé'oqgassa ﬂﬂ t§1 enca s@gﬁ 262rda%9 mc mghtfth%ﬂg%ﬁm 300
(firg Mﬁh‘ie@@ﬁ layars) ges formert atflﬁ md!rlwgwon ftage-h Aer thie ggason, it has been
difichf 116 Whet cdsd) of Beventickl Gdchidday e hihiznala deqettiab reigytive dndex

d%%lh%éﬁnﬁmlg ﬁg&ag&m£§fractlve i ndex distribution

ayer nenber [0058] In_the present
10051 i s presem inpesfipnhe Terartr k<ot B apthsfective layer 104 formed

dixiigi the &fl |f6}ﬁ1hﬂ1dl‘1€prdcé§j and the diglit arappg filid 5300l derineryduring the esddule
fc Ortﬁgh} s &1L toaog%mtﬂuz% %&Qﬁ‘hu&h %Mc@g Bfaéléam' %QQeﬁacﬂve

_ durln ormation process are
inder b efctye fight cgsﬁe%%ﬁlfrh%‘) 0 tmafs, IR e e seffagtiye dndex ns of the
aasfleald lyyer 103e Waile ifi 0l the/modulerforestionhratss thegeftartgatindex m of

tl{er g&muﬂﬂ; Zf()% HF%%%QQ) s SnaiBEGer RNRIE r(t,fﬁaﬂ Hﬁ@( 1[2 of {h@ﬁ%lit M5 fpmg

anti-reflective |la
ﬁi“h3qor{§°‘??6&ﬂ§f?’éthf @Pﬁ%ﬁ"?’ﬁﬁ‘%l"o%‘és&%ﬁé rF‘aéll" act ive i ndex
[0059]0f In tdrieofephysivpisuhfntati@Othe (mbihresd stiuctyre is)whakreahagaontiowdly
e%t{ﬂ%attl i Stgg m?ga‘gg g%wlygr mga?aﬁg%y gferént@)cz hargsa&n%&aﬂ@n ; htDGhe 30
pyramigfogn regyprefl thepe cedefeiing W 6§§]°¥ Tight i rided o SWB‘?‘E*& T
comrast itatbis, a thomse dfitle Mmeepeorsumucﬂn@l foem isqrotybquired; whilej forms

of R ek WA l|0¥1m thi%ih t!e%ﬁu%@ bdinbCordiAEN A& cal BNRYET Thidi bbdiuse
evi dent by reference to non-patent docunent 2 the fine
pyram d formrequired there determ nes what order of
light is guided into the n?FuIe. In
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contrast to this, in the case of the present invention
such a fine formis not required, while forns 35 of
not | ess than 10 pmthat can be applied using ordinary
nol ds can be used. This is because 11 rather than
requiring a continuous even refractive index

di stribution, the present invention uses optica

paths and rmultiple reflection understood by reference
to geonetrical optics. [0060] In this way, the present
i nvention reduces reflection | oss occurring in

engRP i RiMirifz&l dontinBRY @Qﬂ Eéﬁaétﬁ@ Bidex! distrHRAMMEME pRRA invention uses

tech s resulting from

rSERIT a‘?%&f“““ﬁ*@é@%%? R TR G Syt g bt
pl@dQctinds wayoberrssens ibyeitioy redwnes wilestion lags deogrriap incepcagsulant cell
ghembiay fa@éd a¢dntenhticahl tjsdhﬁﬂm toﬁu@ﬁoohﬁlfafy%é&%ﬁlﬁn@?r@mm@ule layer

sal ar gf oi n
2 BT SopPRea it TR SRR ek OB R b g, PR < e
C @rrntity 9f léah’F to he migeduced rtdothesolar ¢ H00. t dcdoedinglyy e most important point
efabdut ihe @fejlse)ﬁt glgélﬂ&d ;s'ﬁﬁhtt :it ;Irmepa c&fﬁ@ﬁ}a@h!u&g elggreg light td Bemore
S e as e | | as
%Jfa 1entFy ]Td?d; Ctto the 2o pn co naectm%g;h {h P(J? ﬁ%lalggu nltlggnbﬁa?pmg le 300
Bé%’ﬁ ac‘%ahFryefraP%@ sl ghen WWPWWWC HBasicayiithetefficiencycpy witish light
bys gditﬁd by @atlight’ @apPibd Gind BdONE ?Q}lez&d HWXdJJHngelﬂe H:Ypectlve refractive
a erract| ve
R N Sl TRt e
v fixpiaied @oother 1wt |2 pod about tho @iepentiyyentiph isthat ﬁhe sructue
Otobt&lilze& edfiaBtive andpes By adpligithd dRachveciA@Rés dfméﬂightl tRPpingSfilm 300
thd Qxﬁ-réfeﬁ% fafdr0s § Rl s & 16627 FQChdmpfe i if 489 tobcmanﬁe the

justin ractive 1 ndexes o I ght éP
f |“Tfﬁf"38 e"aﬂfd'hi FYegless 2Peppeding te ovtsly@ft lmn(lmdewrf ¢), of the
s ehcapsulg 202 boPrisifgakic nextdaypd udddr,tor ofsheltatiypedasiyindide tetyalagtell or of
t lﬂﬁ sﬁlt&ﬁ%te} Yof e)langl@X ﬁt: f:;c EY bt tﬂj, Bz qadex%s of ﬁxe light

pr ovi. t er.nost I nci dent. si

effeRpgefi! df 3 R%’O 2‘6‘ ﬂﬂﬁ?ﬂegtwﬁ gfy‘erh'é) FRRRTSIG {he fmimladéfrte lazsfirs @p be
t ladjusted; yqaes thag the mbaveidesalibed rhlationshiipam <oef hs <ow capbe rebdilg realized.

p{do¥He | |rrlo¥ecé?r9pll: VRS bdcRfse B ?émétﬁc m-tll-&@s quﬁé cob&vgfzﬁﬁfm and the

that t fractive_ index

¢ PRl 208 Gher bty SRESRR B o b toforlrrd o SRRyl
t Krefrichvednder di) at Rartheadiesthera fs refepctiva djders e the rhela nepringstim 300,
t ReFracthe iBexdf Sﬁtﬁé Qxﬁdeﬂe&lv@ia'y&ﬁ@h&rﬁ tH3 reffactivl fhdéx n, Bathén_tyﬁé'rlayer

c e readl zed 20 In nore sinple
Q&3g’ﬁﬁeca math g ?ﬂ%ﬂ% exes of the cover

gﬂ%§§ 201 and the encapsulant 202 are substantially
equi valget @hx@se can be considered as optically
eqU|vaIen %oefractlve i ndex n,). Further, when there
is refra ctl i ndex n2 of the Ilght trapplng film 300,

r & Wa@tcrwakumwﬂqdath i Fid-Sahi3-Arealbylated tp gise kg1, 1 §.2.59.
auxma]henke#awmgnh\benueﬁfdexypa fightfirappity film-F0Y RRAst! iR a fLbrdscent

h I nis de |rable
[ 8'8) éé% ntgv\daﬁ[‘} tg?&aﬁ %ﬁ%‘l %%Verscﬁ?p (n e%% Qﬁe’sWt c oner etdféscr%ed
véﬂﬁ%@“ﬂhserted we get n, z 1.5, n4d = 3.4 cal cul ated
t @00g5]V €Tha ProdedilreOfdr applSing the w’é&lengt[l Qﬁ@éélon-ﬁ:ﬁ% ligR\t@ppRiaGih 300 to

fl uorescent substance to taci

c ApRbdedheovRvelmgthcopyersion dwe light wagtﬁhhé@tpﬁw sdarcpll M9y A semi
s bir8eperlieand, high refi@@0ShdckvesiDomp QY BESthi: @icluddd B Iliéresgent $uBstance,

PR AR 5B e} YR P BARR0S, | o 2

Fig. 6 shows the processi ng sequence for

‘ C %\églglséeﬂ rfO(; x@glolvl B3 I&scntlt[eﬁ BP& f];' 1% s’l)i? éré(felaés%?tsgqqgncg for
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appl yi ng the wavel ength conversion type |ight trapping
film300 to the solar cell 100. A sem 35 hardened
state, high refractive index, resin conpound 305 t hat
includes a fluorescent substance, is used for the
wavel engt h conversion type light trapping film 300. 12
[ 0066] This sem -hardened state, high refractive

i ndex, fluorescent substance containing, resin

conpound 305, is of an organic-inorganic hybrid
material including titaniumtetra al koxi de, that can
[00BY) CEhid sami-Rurdghed lsade [aghtrefiativi ide fludrScontdubstahe contiiiihg, resin
F&E&%\ﬁmﬁﬂ)‘s gﬁ? K ggﬁﬂﬁmﬁ}gﬁlﬁyﬂd%%ﬁ%mdmﬁ 3&9% UG SR, that

refractive |
FP‘UHP‘@%E%P‘%S{?WW@XC‘E) Al forsibrpyt Phgtorharderine g ns drflrorsesant
isebsaaded WACiheein eliyvesa rthet High defmbtifel ihdex 3bresdant sklistahdel domtaining,
CGRBAAK 305'id BhaifB berIBPHE BT Yim o mg*m efablid Bfhn) 306
| e

proces nvol ves producl ng

B, dcamapeRchyiog RioceSpAVIRS Pt 2 it anpﬁlqé@n A ity BEJ fim
t30€of REG\wethelikehyhich is@abatadby b kdpaat3O@mGD6 dPIPP or thd like.

' bds8r  TRA6LIndhen: Fxf%ﬁ s %Mlaxhﬂatﬂ Qmﬁﬁé% th@&la} Qéh 100, afcr the

amnatlon sta e sol ar. cel atter

Sepgraige 396 9f ﬁ? S0Be e ippselyl offyfhe rrapgement of e sy h?ff“?"ed state,
thiph refractave grelase Miorestent ubstaentontaming cragul captpaind 305 4@ thii RET film

r38d 5 %ﬁEe‘d\éﬁthls E‘ﬁﬁ)&ll flob, %%ﬁ%&ﬁ% laﬁidﬁﬁ&ﬂD o&‘:{é&‘t a: glc ng,

t[ﬁ"é”]s og%ﬁmp o¥Rm F‘&c?ﬁ a““gg$ $ ﬂw&‘a ﬂ%?f’ ﬂ’ibv & g™ q“l"‘“‘y of
paerd protrestbns §10 08 Spiokso astiosmread mtlﬁegllar@cané withoe{ ggps a@ieing, istthen
rmlca: dved 12 REhbndr@nbEEard) Rish r;&raalv@lsﬁae*, pésmcaowouq& 3osmoﬁtmmg a

L0 ns and recessjons.so as &
regi i°§§r°‘ Vst deRie AT a&'ﬁ’ﬁ%mésr‘fsg‘i ‘ﬁ‘@e"‘ ’%mt"ﬁ'és Tr E)f"é‘%}ed
dQQéP] t Hes lgelrh filh 2308 é thdn peedadeott Aidgthe flupresgent jsyhstanoq drentaining,

rv@SéléhgﬂaQBi{i@ﬂdBﬂtyﬁ@lfghﬁ%ﬁﬂg ﬁunrwo a haraé'neé wﬁm&emh UV. In this
subst.an vacuum | ani na

tvxéay,t \)Fhaelr}] g ’formt tﬁansf?renc%{)roteasd% mp.lrh the anaushfx Fneaj étﬁti chl%l r%(%actwe
prdst.aesingprpeyndi3Q5iean Yelhprdenad eitbertby gy plde efrteamat bardeaing pigepss. It
VIB3G@hR G e £O10 Vil S01Q6 rebnyiR @n This @6rditioh aPfht WalvelehdtitodMsidnype

hgﬁﬂ%ﬁ;ﬁ%ﬂ@ﬁ 306 raﬁdj*t &hinol M‘év&ﬁkd Ué(w!:elﬁ d%ehcovc'e{ ﬁM@ém W2 SRbapsllfint

process 1 s

sZQFr?ndﬁ%frba‘éﬁé'a 2%"&1‘1@ mogyleyis foraedy act ive index, resin
qoovpp uﬂxd 62Qhove @ik chelitioa irthetichtthecndlth Alim 01 hﬁbeﬁhieded)dsﬁ' after the
tonJ JH’P ?JQ@ éfgﬁg 1609 AHLHERSH fﬁrh 360 ke %'&a@:@dﬁe I:a&rbe tdhfied by

remaln In s condjtion on
\WaRsaiching the W@‘?“él’%‘ﬁwﬂ Hseover glatit20L.rtagysaranspiant £04 20¢ e back
dikd 204 can be sandw ched between the cover glass 201,

t[b@n QI Hln@ N here %Q%elﬁt@;gurwﬁm%‘é ks fdeétﬂb@l%mﬁa%d {18 Qepth of the

dule 1s forme ows_the condition
RN Pt o1 TR i 1 . i 2 SaPPSL G Jpiened g, hish
trefeactive anehk filimd prics olevnindtion fbg be Sdeast P fumrthitkh eTheskating paktiP02 of
3f1 wh@leﬁm&ﬁzgrslt)xh @yp@‘?@kl' tFappi ﬁb@ 3@ SHR[ RY10 %5 thlck, and the

sandw ¢ th tween the cove
Fhyctured, g""%eﬂc {??ai o‘g}‘a’g aq H’& YEER nyepiioh Q’ﬁ% 8 10 active
[fofiAddn ofia téxhirg! straqies, buiive reth¢ $tage o€ blicing éeinarsdidorsingaiet ugegen

| sBap@ lsol@@hlghw onkht SR NAL &uh&.sfé&mf&e%at&% HPRUE Gor?e?b%ﬁ@to
Imlsrradelomthellg trapping fil

C@?ﬁQ%HHWﬂ@ﬁgﬂm%tate high refractive index film

dPe73} Thke érgawicrindrgacia hybrsit migeriah for | theasemi-Rddened: $tate khigh Tifractive
SRR | rish BApdund 903 d a3 the WaRIABN BInOQLEN SRS mo@mu
Ilg%t trapglng film 300 srl&?% be 10 n1t%|cﬁ$w§ﬂ%
structured shaped part 303, 10 gmthick. For the
present invention, there is no active fornmation of a
textured structure, but as a8 the stage of slicing
froma silicon ingot an uneven
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shape is left slightly on the surface, the dinensions
of the seating part 302 nust correspond to those of

t he uneven shape. 35 [0072] The organic-inorganic
hybrid material for the sem -hardened state, high
refractive index, resin conpound 305 used as the
wavel ength conversion type |light trapping film 300
will 13 now be described. [0073] In order to obtain
the high refractive index in the present invention the
sol -gel nethod 1is enployed for the organic-inorganic
hybwbwﬂwmwGW|al The required conposite for

amb3]c aﬂl bRABr to Sftail MAE hxgﬂ)}efrgﬁl'e 1%‘5( Iﬂptqe 1!;}95%& ulv@ntl@'gﬁ? %1 éel method

al kox resse sent

i %fx?g‘ﬁk?%’nf" ?'@B@I‘“Oég&%h%f‘d Wﬁ‘ﬁ’i‘a‘ &é“’é‘ﬂmﬂ ?%W%“ﬁfﬁfa?ﬁhcmn
t efthasohpdk methelichemyg regd alboxidBiexpf @Y 4s A netal that

conpl en@nl M - gmy§ allows Mto be selected fron1annng

yasH Al " Igi. 55 C{nﬁ “9?2 Cu, G, M, Fe,

VR PRy o e ﬁ%“eﬁf ST e A TR
1-10 halr¢OR)0 nultiple bondings with M but it is

sul xﬁe&btb@t Jo&bleﬁ@ﬁshhlg AREM B 8e md f5m Qrflong IZtlflﬁr ﬁnéb Be, Cd, Cr,

ap i Nteger n ) an
Fﬁ?’e er rlYl“tFﬁ tVY'n?x'ﬁi - s ﬂ‘%‘ﬁ?‘gi aq'g?\,gﬁcgrh Blbcirshélo have
vaf‘l'ﬂa'ﬁlé dondgpps Mﬂl Mh@t thist saikable dor ghdh ¢ bedhe samedr df differcutematetidd. n

0 Btaﬁ infegbrin6t 1656 G0N0, @md & ﬂt@éb‘r Got ¥$thdnd smﬁ {s! eé\llvaﬁ}{t to th@ ealance

h? 2 eh|e mewg ealkm{uXe us c{lln ordert tﬂ gg%lf) él% ﬁ)ir%mf Hl8'ig§"écnl?)§ 4159 %/ab by
rrﬁ‘l? éqhgémeﬁ@d migy Retiest apg bypgerla mitiphiei: & 15 et al

allkoni de ordéedo @btaia bk (ﬂé\mﬂﬁﬂldﬂgaﬁ@ 'hylﬂid'ﬁﬂtdrl)il !Qﬂlk @leYSSF-geﬂfn@thod a
a 0]
glgtglda QJdél Ja%? ln'ﬁua% %npg Ii catzlill st are addeI t resm §°|5‘fp8i"ld esPlgtdon

pai nt ed V&Nt
F“‘%\Hdh%?ém% Griga |55b5%9a@ é@lvent Bélpye ﬁﬂ?tﬁ{}d Gh altdrfée whole is heated.
r Bepebding dnythofeadtiigy srakaametdllakkoxideleaed ﬁiﬁfe&d wheMEHAF an acid (or
‘“‘m& c%g!t %a EHQ i Ingt Eé) Fequlghkaf!uhl)ner Ctﬁe g’rg rna hga{tin%%yplied
r g U|re era _
E‘BF'} S0P theypprtiniof "ieﬁ’ea“i"é'é?:t |1th Vaneiid athwhly m@ftap metal alkoxide
aliked prihe liken chthlest sasteeqiredarditigibkating @mpdritme cai®t 800°C.  For the

abr@&?&' ib\Rntif, J.Wdl;ﬁensgﬁal hRmkd (k!\Q-’O Pis fi6t %Ll}/eﬁtmd [% \Pc%;g tEe high
ui.red, and %ﬁf nE I.ng .t enperature can 00

t Pfgm‘iser wdxt suireat  Eopre ‘a"ai i the gase gf faniy emd&} th% f‘\f‘?ﬁ@t%ﬁ“@m‘al

( stivrt@ye)is 4 semyinondurterpsiused dorandotpeaalystl piodcesh eHbwegt, the structure is

r ﬁi@cfeﬁﬁﬂd t¥5 %hdt(ﬂ&%%?&ddtl%n sdfulel thr & mensfon SRRl InYay eOentb';Eglgm & is

of .tilt un1o |de ree-di nensi ona Structure Is
2 TS ye KR g ?"‘ﬁg]g‘a“#b‘f‘e%éf‘ BAYEEo at al yst produces.

HOWEN e rThe t“h’é fgltl POictthermeold &lm prorddiegthe Gbterg tf@ the uneven shape of the
Plght @apgng HRd ald Hér]brcﬁﬁlgd Ls}ﬂ'% thethe@Rd QisHFsQ@anz&ﬁllleseSltaEthCAﬂﬁﬁ&uon
n@q ﬁgc%mob%&??zﬂwus it is 25 effective to have

al koxi de used in conjunction. [0075]
TH876p |Acraseictriy ebmrent @astos aprioh dr thé érganpmetalickiompjert thereaf st baged

L fF the lﬂﬁorékﬁglv QibstEbamed ﬁfthe: ﬂ?@ent gﬂvalﬁltm t LPRP l:a@%offdnllm th&s%n be
ced usin QS in Japanese
Pgting{nu?eqxp r%ap gostt starire adoagtlva{%agelﬁo thz%ig Tr% lic

ArRles %we@éss itys inthe Highefartive Index resin compound.
O0QENOMhé fkd daith Cled®k €ohld &%ﬁ@&m 16,20 R&iuky e (prQ‘sQodf/ﬂ{um) Nd

t e sed In t S

i ﬂ%og%nﬁﬁﬂ% sti; e(g{()ﬁl%mmge orYaRt 3h% E'i’ g‘P 'E'i %'gie(gadohm“m) To
i erbigsaly Py lysprpsiam), Ha Golaivie Et{ermy, yngthuum), Y beytterbium).
20078y aForther @& uitablerto Lt ForGRSMoRthcehitiBbsRh@ 3R B Blesthd ihfention, an
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conplex, the material can be dispersed as it is in the
hi gh refractive index resin conpound. [0077] The rare
earth elenment could be for exanple, Ce (cerium, Pr
(praseodymium, Nd (neodym un), Pm (pronethium, Sm
(samarium, Eu (europium, Gd (gadoliniunm), Th 35
(terbium, Dy (dysprosiun), Ho (holmum, Er (erbiun,
Tm (thulium), Yb (ytterbium. [0078] Further, it is
suitable to use for the fluorescent substance of the
present invention, an 14 elenment called an ns2 ion as

el%ntkﬁt &Hl- e§1| RN iGeRkE" mﬂﬁsﬂ é/eﬁ{elegu{'&dQn Q rcbﬂ@tﬁlﬁrlel that® Matid 1o
I's al so OSSIb|e to usetﬁ net al 1@ XIF g&se w
Pasiie footie @ mstallicrpaide P spRERPEt &f 1Y eg%%? S CBPIeF e 88
cobldUinethde foe Exathele (Cp coppean @inQUGY @apwer Gt (egimagipin ) (arS@BF)
A%%%Lér)‘ Hkmﬁﬁm{ Ge m) Um(tm)ﬁé}b ((aﬁu Iy m (goldﬁmg((ﬁlbﬂca/rﬂr Xi

n% i ndiunm, (anti nony), Au
(ﬂ(a&b‘r“a)"bﬂﬁg) h@P&‘ Yy, Ti 5 (thalllun) Pb (I ead),
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bRE "PL% dbThe structure of the PV module with the light trapping film with adhered
mold film applied, disposed over the solar cell. In other words the configuration in which the
mold film 301 remains in the PV module. In Fig. 5 however, the connecting tab has been
omitted.

15



10

15

20

25

30

35

301 is not remaining in the PV nodule. In Fig. 2
however, the connecting tab has been omtted. [0086]
Fig. 5 shows the structure of the PV nodule with the
light trapping filmw th adhered nold filmapplied,

di sposed over the solar cell. In other words the
configuration in which the 35 nold film 301 remains

in the PV nodule. In Fig. 5 however, the connecting

tab has been omtted. 15 CLAIMS 1. A photovoltaic

(PV) nodul e that generates electric power in response
to incident Iight havingdLayased nenbers including a
plurality of light transmtting |ayers, characterized
in that starting fromthe side fromwhich incident
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conversion type light trapping filmfor a photovoltaic
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' §bot4b@121m, emits light of 400-1200 nm and can convert wavelengths.

5. A wavelength conversion type light trapping film for a photovoltaic (PV)
module that generates electric power in response to incident light having layered members
including a plurality of light transmitting layers, characterized in that

at least one of the layers among the plurality of light transmitting layers extending
from the incident light side is used as a wavelength conversion type light trapping film; and

16



10 -

15

20

at least one of the |layers anong the plurality of
light transmtting |layers extending 35 fromthe
incident light side is used as a wavel ength conversion
type light trapping film and 16 the incident |ight
side in which incident |ight enters has an structured
shape thereon, starting fromthe side from which
incident light enters, this plurality of |ight
transmtting layers conprise a first |ayer, a second
| ayer,... mth layer, and the respective refractive
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eng nver |o? type light trapping filmfor a
PV nodub@ gchEw{ oreig) t o O laim5 wherein the incident
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8. The wavelength conversion type light trapping film for a PV module
according to any of claims 5 through 7, wherein the fluorescent substance absorbs light of
300-400 nm, emits light of 400-1200 nm and can convert wavelengths.
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