DESCRI PTI ON SPHERI CAL PHOSPHOR, WAVELENGTH CONVERSI ON- TYPE PHOTOVOLTAI C
CELL SEALI NG MATERI AL, PHOTOVOLTAI C CELL MODULE, AND PRODUCTI ON METHODS
THEREFOR Techni cal Field [0001] The present invention relates to a
spherical phosphor, a wavel ength_copversion-type photovoltaic cell sealing
mat eri al using the spherical pho%%ﬁ%},Piuﬁﬁotovoltaic cell nodul e using the
sealing material, and nethods for producing them Background Art [0002]

Conventional crystal silicon photovoltaic cell nodules are configured as
f ol | ows. SRHERICAMIEIOSRIAOR!, 36V HIHISOTECONY ERBION-YREDHOTOF Ohiddd e

surface t I i,S i i-derat i i hock.
on one. GERL SN MR sHEEOVRLTRN CRi Mop R AR ORER g (hE "oy
enbossnent to facilitate adhegirgobstgr@EpeR to a sealing material (which
is usually a resin containing an ethylene vinyl acetate copolyner as a nain
conmponent and al so called filler). In addition, the asperity pattern
IS forqg%ﬂﬁgﬁg%ﬁ% and the surface of the photovoltaic cell nodule is

snoot h. “heltfore, under the protection glass are provided a sealing

nat eri OO Pr ThE gfe@éh& im@nBdtrctRa th AGpRGHRaDpIRIshRGCa Galdlendndodabsidd-ips, and a
back film [0003] In_JP—A—2000;3280g3 and the |1 ke, there have been

pr opos Bptaeelaihedlhsaling malgrplysinetac sphesicelifoppher. 4 phgkavobaicgel! magiulen or
infrar i Q0. [ ' es not contribute to
eIectr?%P%ggﬁgﬁgkgp%gﬁ?’%thgﬁgé%%%g&ﬁﬁ@ﬁgqgggluorescent substance (al so
cal | edBhélghtureidissi on material) to provide a layer that emits light of a
wavel engt h region_caqable of. contributing to electricity generation on a

i ght FEYE] viagveatieal srysih silisonphcipyoli ¢edl modydesare copfiggrc asdaliowsy

exanpl - A= 2008 I} i earth
com! e ey S AT R RS OBNPRAAAG o I kst [ QU

Fur t hecomideratoornf ecsistoarald shock.or Oexoanapide of s tainpakd ghds tharcliPakagR6i8 51605,

e PSR S L RS LR S e e
proper isR8alRAY RsPERALRIAY hilflyleRb Slay PRI (3pol MYENEla@hin component and
also called filler).

In addition, the asperity pattern is formed inside, and the surface of the photovoltaic
cell module is smooth.  Furthermore, under the protection glass are provided a sealing
material for protecting and sealing photovoltaic cells and tab lines, and a back film.

[0003] In JP-A-2000-328053 and the like, there have been proposed many methods in which
the wavelength of light of UV region or infrared region in sunlight spectrum, which does not
contribute to electricity generation, is converted using a fluorescent substance (also called
light emission material) to provide a layer that emits light of a wavelength region capable of
contributing to electricity generation on a light receiving side of photovoltaic cells.

f0004] In addition, for example, JP-A-2006-303033 has proposed a method for including a
rare earth complex as a fluorescent substance in a sealing material.

Furthermore, conventionally, for example, as disclosed in JP-A-2003-51605, as a
transparent sealing material for photovoltaic cells, there has been widely used an

ethylene-vinyl acetate copolymer to which thermosetting properties have been provided.

DISCLOSURE OF INVENTION
Technical Problem
[0005] In the proposition described in JP-A-2000-328053 in which light that does not

contribute to electricity generation is converted to light of a wavelength region capable of
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Techni cal Probl em [0005] In the proposition described in JP-A-2000-328053
in which Iight that does not contribute to electricity generation is
converted to |light of a wavelength region capable of 1 <contributing to

el ectrici tl\)/ tgener tion, fluor esg’ﬁent subst ances are incl uded in a wavel ength
¥ M

conver SPHHbYREdp electricity gepgrajione fluofesesag syhsigreaste iieludad 8t anaudength

generah&%e}s%lgll% i shape. Accordingly, when incident sunlight passes
t hrough a wave gn'gt h conversion film it does not sufficiently reach

phot ovol t ai cHoeke, thedeusnorescerdasbatanceharepengelly laoge iofshagee Acgbidingat does

not contribute to electricit eneration. As a.result, there has been a

pr obl oHIFR RGHfeahsunD g pases PrPpght wayelenet sgsrion el dace 28l et of

vi si bl gt phABvdhid Be1sWRNE HeRALiAe BRIPLEPRON of MY Eioht thidded hbioRirit@@nRr at ed
electricity to the incident sunlight (electricity generation efficiency) is

not veelgcthicigh geicd@fn] As arhsulpttenobasdest ripbeiden in Which, 2@03vBLd@Ht ofa rare

earth | ex .used as fl.uorescent suhstance. i.s sily hydrolyzed together
wi th eDRyICaR it Frad & Dght of BV vethary DS ivelingl sanyersig e e dng
thus cansdRtfid Qeatidityidahe fciRnt slu'iili@l‘iktbfebt@i!&itﬁ@é&ﬂ:_rzit%ntéﬂﬁciéﬁdy‘)l@ﬂHtQ'eItyher eof ,
it is d]%flCU|t to efficiently introduce Iight wth a converted wavel ength

i nto thighphotovoltaic cells. Furthernore, when the rare earth conplex is

i sper i N maRSELARGh 16 N0 61 BRTA IelB A ASL Yechggregate with

each o erefore e conplexX Can be nofe eas zed. In

addi t i goereSdeRcSubsiafcsig @halyeyerdl galdttegshae xdit ahyleme viaylelcengt (EVIA)glitelyt her e
is a problemin which utilization efficiency of the rare earth netal as a

f | uor eyecdres aﬁﬁ&%ﬁ%@@)@ﬂﬂé@ﬁ%ééﬁeéﬁa&%‘@é mef Oﬁbﬂd_ltﬂib dpe tstBat nvention
has begh, AGE AMMLISHEiHRuRb LR Qﬁt%ﬁu%ﬁﬁ RSwifies E&N%ﬁgd @E@?ﬁ@nﬁ?ﬂhﬁm s of
top H eg y p al I'owi ng

the present invention are rovide a sp Ica osphor i ght
uti |l i zéteiphotoabitaicicelicy Hunthernpheatvdwol thatraze eald comydest B8 dispetsed imPVAyed t o

thereby staply_inprove electricgjt eneration efficiency,.and a wavel ength
conver STty BESTBRSTBR ERe el 2elamieg e itEF B RO IE FEmElsRer | cal
phosphes, beIbr da8ily ERirb¥y 2R, €Th LAKASH, sl the atd RULLS L StafiBpduct ed

intensive and extensive’'investigations to solve the above problens and
consequeamtlength bightd thereais a pogblémimwhichantVaviadreeffciencyoribe sire parthametal 28 a usi ng

a spheri cal 0 or in which a.fluorescent substance is enclosed in a
transpg}l‘élﬁ'?cegggi%ﬁ%‘)m‘fq %ﬁen@*ygﬁ%‘{f%ﬁ%ngth region that does not contribute to

sol ar pmog] UBASleRnt Avehtion MG HEER hccdHplikigHt to s6lve BivRbbleshs b dédceibéd of a
wavel ength that contributes to power generation, and sinmultaneously found

t hat t Reoviemt Eibiests efsheRigaant iyvention ara e Biovideraesphericahpeospher Alloating bighitst ance.
The i nvegnt or 3 ] .

di sper éﬁ%{lal%f)ﬁfﬁgcz%cgg#nggg&gﬁllta%?ge% ‘ﬁg‘%im%?‘f%e u eg@%ﬁﬁ@ 8‘;1%??"8’?%%? {acVeel 1's

W t houtlectgidBY gendritbonsefAtiesyyi mgl Oivavdlengdie adnvatsidn-gpt photbesletycatlosepligs i ng t he
present inventjion. |n addi tiﬂg]g, by using an organic conplex of a rare earth
met al  Hterighing] & SpfteristlyosoE, particularly, the resistance of the

fluore siPshiRce against humidity can be further inproved. [0009]
Speci f?’glglpf)ﬁ‘/ tbﬁ)e present invention includes the follow ng aspects: <1> A

spher i gHI08phdbppesent holndrngndudttd otestennd syostisntecsipdtiand toanpaent
T e Ooh b e SRS B RIS Ao C el o bparhriot o "
conpl €¥sing a spherical phosphor in which a fluorescent substance is enclosed in a transparent resin,

light of a wavelength region that does not contribute to solar power generation in incident

sunlight is converted to light of a wavelength that contributes to power generation, and

simultaneously found that the material is excellent in humidity resistance and heat resistance.

The inventors also found that the spherical phosphor has good dispersibility and can be

efficiently introduced into photovoltaic cells without causing the scattering of incident

sunlight, thereby completing the present invention. In addition, by using an organic complex

of a rare earth metal as the fluorescent substance, particularly, the resistance of the fluorescent

substance against humidity can be further improved.
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[0011] <3> The spherical phosphor according to either the <1> or the <2>,
in which the fluorescent substance is a rare earth netal conplex. [0012]
<4> The spherical phosphor according to any one of the <1> to the <3> in

whi ch e flyorescent substance i.s a euyopi conpl ex. [0013] <5> The
spher i i@qﬂ9ﬁ>hggiﬂ@?ﬁ§e&6%ﬁ8ﬁ5 IRYSRHRY NS eﬁ_ﬂwtﬂ SR atseishe <4>, in which the
transpad e syiBE&fl bidsphsr AckiBRSPRIRNcerki&8bRande Q8d 4 kratfarchil fafpfagr | cal

¢ h i'n which t

phosphor according to any one of the <1> to the <b>, e
transpd®®Ee] ret dhe apherisalphosphos penoeding ta thy <17 emi whicli 08 XBloresTent Fhisstanpber i cal

phosphor accondiﬁﬁibo any one gf tge <1> to the <6>, in which the
t r anspat @h'EHY BATRIOT § _a‘Eereé‘ﬁ PR FePle hy acryli ¢ resin. [0016] <8> The
spheri ¢@d11phasPaE s@RERAPHISHOP a&YdiBP R Afhet R <P rliRe 1€ it WhichitRe Whi ch a

refractive index of the transparent material is lower than that of the
f | uor edlversscentipdstneeisarrdre earth netgrcomplgxer . [ 0017] <9> The spherica

phosph cardi t.0 .any.one of the <1> to the <8>. i L,ch _the.spheri cal
Phosphi10I30mt B8 sBrEMRe Mol v ing Ty e d il slzarodye o g e e

pol yefiugrkicdnsibstan S ReNSkeumebypRii zat i on of a vinyl conpound conposition
in which the fluorescent substance is dissolved or dispersed. [0018] <10>
The sphed3tarShhbe prhsricalghesriiongcaosding o dryeonsfof thee<l>te the<¢hdn xduch the whi ch
the sp i nhar. i .spherical resin particles obtained by
suspen?%%#%%%fgﬁgiﬁggffgﬁggﬁ&?%%uginyI conmpound conposition in which the

fl uoref@Ed] sebIhagserics phoggor uadrding ¢ spansed thd O019]th«<i3ds ifhdidpher i ca
phosphor according_Lp the <9> or the, <10>, in which the vinyl conpound
conpos FenPargheprisgasis g tHnspaent yigh &sitt- unct i onal vi nyl conpound. [0020] <12>

The sphgy 1i5ia!<7n° RS %lﬁﬁc%ﬁﬁ%%ﬁio? 9cct09difx§ f‘o n@ﬁ@e Jf %e"@%.t%@%%@iﬂﬂhj&oﬂpou nd

conposition includes a uncti ona acrylic acid derivative and a
bi - or thhngpasnt matecizl BRdtan§paeett(methydardicaesid. deri vative as vi nyl conpounds.

002 e R AR R PR R B Bl e G o el o 11

conver sifpRrity RRePBPLe RhiRkt fldriab RAbiEBAhIRIRT bBthe NG dctnD SR EhESMd
transm ssive resin conposition |ayer including the spherical phosphor

accor disnb4 eohighsr. one of the <1> to the <13> and a sealing resin. [0023]
L TR SR R YOS BT OF), e
resin gphepiest phioSphok ay@prises spherical resin particles obtained by emulsion polymerization
or suspension polymerization of a vinyl compound composition in which the fluorescent
substance is dissolved or dispersed.
[0018] <10> The spherical phosphor according to any one of the <I> to the <9>, in which
the spherical phosphor comprises spherical resin particles obtained by suspension
polymerization of the vinyl compound composition in which the fluorescent substance is
dissolved or dispersed.
[0019] <11> The spherical phosphor according to the <9> or the <10>, in which the vinyl
compound composition includes a bi- or higher-functional vinyl compound.
[0020] <12> The spherical phosphor according to the <11>, in which the vinyl compound
composition includes a monofunctional (meth)acrylic acid derivative and a bi- or
higher-functional (meth)acrylic acid derivative as vinyl compounds.
[0021] <13> The spherical phosphor according to any one of the <1> to the <12>, further
including a radical scavenger.
[0022] <14> A wavelength conversion-type photovoltaic cell sealing material including a
light transmissive resin composition layer including thé spherical phosphor according to any

one of the <I> to the <13> and a sealing resin.

3



0.0001 to 10% by mass. [0024] <16> The wavel ength conversi on-type
photovol taic cell sealing material according to the <14> or the <15>,
further including a light transm ssive |ayer other than the resin

conposi t i | ayer. [0025] <17> The wave] engt h.conversi on-type phaqtovoltaic
cell s é@d%gﬂf% _@Pﬁ? fdaiedh EOHGSL Y- RE pﬁate%:h%a'ﬁlﬁﬁfw atedieEoring B ng
the 1 el OMOshith QQoﬁ@Mﬁft%%)élhﬁ@al Inh8dbhot IARS FsiSdoyihosRbhllay@E fier than the

resin conmposition |ayer, iIn when respective refractive’indices of the
m | ayef$08t ¢ t0% by2nasd101_0, and nmin sequential order froma |ight

i ncid i de, t 1.n2 |1 5 026], 18> A phot oval t ai ||
dul e AR U516 B BB edhersinar PPahbO oY et EHBRESR YL g pe
phot oVl -ass ehd <pealifidr LRl iFAGALShREVE GyenythenBa®thetrfign <14> to the

<17> disposed on a |light receiving surface of the photovoltaic cell. [0027]
<19> Aceompéroidorf leyerpr oduci ng t he wavel ength conversi on-type photovol taic

cell s i-ng terial _according to an e .the <14> to t.he <17>
el uafiug oD shar it PerdS S Rl RBY pioF dlic i S e M de e <1
t o t heel3rs>, icRiaT A dayRrd i@slubing ARPRSInt dodipokifioMiyeNarid e SiphardnsalssivBosphor
is mxed or _dispersed in a sealing resin, and form ng the resin conposition
i nto alaygeethethaptheresineeoapesition lnyeyhin wiish whes eispective sefractivedpdices phhel ayer .
[ 0028] 0> A nethod for praducing t phot i€, .cel u cecordi ng
ot homoeads AeTE B gepn EpE i P B uR T B BRera R gn AR
photoval.taif ¢et) sealing material according to any one of the <l14> to the
<17> and disposing the wavel ength conversion-type photovoltaic cell sealing
mat er i € I volggersll mg n nga oyo C alen .

i #026h £h& Aiphbtovelbaersl] mgdelaiddebnga ghotofoltaeceiamddboiveedlengtle| |

Advant ageous Effects of. lL.nvention [0029] According to t pr.esen

vent PaRerInEes kot ST e aial e Mo R she A TS Kl ¢ ne

| npr ovemgntispbset lodatlight tdckRaly QFfagd 61 1Bk BRGYvdltidcdihot ovol taic cel | nodul e
and thereby the stable inprovenent of electricity generation efficiency,

and a W21 enb-hAaemthast for predpgipe thishsrwlaisthaganvesion-tgpaphaigvaliatcesellal

i ncl udin ' r T [0030] FIG
lis as%%irlll % gﬁ%&? g%og%b%%qéﬁg%%r? 5 t@%eﬁegxtarrp% %’ knﬁﬁ%@ﬁ%ﬁ‘%ﬁe bet ween a
spher i ggtieriphiashphshior awb@dll dldg ﬂgaﬂy(l)nﬁ aftlesent toﬁhb@mﬁll@m%aﬁﬁgl ?iré‘sﬁ:ri dent :c [ Ight 3
FIG 2 is a,¢onceptua i agram showi ng one exanpl e of refractjon i ght
on an PPMBeSURIEnhith terspasricat Phasphogds mpeedigidispersed in a sealing pesig, and j 5

- di i ng - f f
Conceptf&ﬂlméj{r}]lggiﬁr%ﬁﬁﬁﬁtitgﬁ %{bea ﬁfé@ﬂ”@%@i @ \ﬁréﬂ%ﬁn}éﬁlé%{ Raghissieneadence o

refractive 41s a one exanpl e of a
rel at i omspogitidvelaysren content of the spherical phosphor according to the

pres en&OO% Ogﬁ(?;a Rtmea[l[llodd f%lr Sﬁ)td(x!:i?llgt & PhOtOVO tgljc%gll %chufel eﬁ:rc]g%ﬁng to the <18>,

including preparing the wavelength conversion-type photovoltaic cell sealing material

according to any one of the <14> to the <17> and disposing the wavelength conversion-type
photovoltaic cell sealing material on the light receiving surface side of the photovoltaic cell.
Advantageous Effects of Invention

[0029] According to the present invention, there can be provided a spherical phosphor
allowing for the improvement of light utilization efficiency in a photovoltaic cetl module and
thereby the stablé improvement of electricity generation efficiency, and a wavelength

conversion-type photovoltaic cell sealing material including the spherical phosphor.

BRIEF DESCRIPTION OF DRAWINGS
[0030] FIG. 1 1s a conceptual diagram showing one example of a relationship between a
spherical phosphor according to a present embodiment and incident light.
FIG. 2 is a conceptual diagram showing one example of refraction of light on an

interface with different refractive indices.



FIG5 is a view show ng one exanple of a scanning el ectron m croscope

phot ograph of the spherical phosphor according to the present enbodi nent.
FIG 6 is a view showi ng one exanple of a scanning el ectron m croscope
phot ograph of_the spherical . phosphor . according tq the present enbodi nent.
FIG7 is a vflé%v3§%ﬁﬁm§pfa§tdlgsxawpﬁhewgfg e EEEPeR ﬂgﬂp%‘f)ql%%b#epﬁﬁ "SHheri cal
phosphgf -aGefadhag to the present enbodi nent at a fluorescence wavel ength

of 621 nm BEST MODE FOR CARRYI NG QUT THE | NVENTI ON [ 0031] <Spheri cal
Phosphor>  FIG 4 ifa sigheshopalg pleasphpte afa rehtophgsbatveémeantant ohthies f or med by
i ncl udi a fluorescent . ..substance and.a .spherical t.ransparent t.erial

encl osFHGTEHEMPIIGT ESOLE LUk pnes cmbodient piE ecERy ER-IR0IBIDS Used,
for exanpl e, FRy 5ii§1g k14 POwidg bid HaMPUed reNdhln £ONYEFdr rﬁﬂ:rés%@;};d*p}ﬁﬁé@aﬂi tion

| ayer form ng a wavel ength conversion-type photovoltaic cell ‘sealing

mat er i af the Fpherisrbphosphor jaecardiog dathe nofsent eplyostimentsi | i con phot ovol taic cel |,
light with fglﬁengths hor.t er tehan ﬁ:ocga% nm arh(l:l élg(r:][ er }Crr]an 162 (%t(g]rp ihn
sunlight is &f iV]c?iwe Wn%?lﬁl L r?ds_ gnﬁlpr XTI e el?l_y %Sg%)o? SR ght
ener gy ofi@e $piicaCsidkphd? dtéoriing th thegearenadmiyditéntel ectricity due to the
spectrum m smat chi ng. The present invention uses a fluorescent substance
havi ng a spebiG i7ds & Migpeshening onerxamplapfexgitatipnspegtamyacibe spherisalat

resi st exhi hi ti ' Sibi it ' sed
oncenfIaprgtebds B g bARELRER! oo Hor PRl IeBRnANTIREY R0,
wavel engt h conversion, thereby solving the spectrum m smatching problem In

addition, the present _invention maxinally inprove tillzation efficiency
of arare earth mB@ﬁT%%w5§4ﬁng@%ﬁ%ﬁm#Me to i nprove
ef f ect 'p)fgl ig%éheﬁ@ﬁlﬁﬁfo?{/ho?ifi ci ency, whereby the invention can contribute

to effrcient ectricity generation while reducing the content of the
expensi ve r aAepbaichhploophdrex theoprasenemyerstivml ik fdrened by ih@0HRE a Thatestenf t he
spherical . phosphor .of. the present invention is_a fluorescent material

el | ST R SRheyea! den See il raes reelr Soarsti SRS g good

di spersi bi | i t¥e sphRHcA1PUbPBoRISIHBD FESSBHPKOBS BRlIAAS By guenchi ng. The
fluorescent material of the invention enables the utilization efficiency of
a r ar e wesgletethsoryeritrgushiaxconmposition Jgyeniormng 4 woveagintonyatssmaspe to be

maxi mal i mproved and also enabl es effective |ligh 1 $Slon fici-ency to
e mopiY el TR s B S rhg ToREvume R s Byt YN 7 SRRl BRE"SY &

phot ovgdlt, qight @ith wat@endtBs sHofteAthdh H0O Am dndeosdeh 61ana200 phoiaROMlighe s idie
present invention and a wavel ength conversion-type 5 photovoltaic cell

seal i ngifietendy utilizads pryapmrexinisiedy s@o4l0f ﬁwéabh@ier@?/ fdesp noheonipliEe Enben of 1 ght
that d | aut J r i [ . nci dent

sunl i g%fg‘?&tr %{%%xg%%%tﬁ@eﬁgge {tc?(;thgﬁg%;\‘i}ﬁeﬁfﬂ e%lgétnﬁat%g ri u{b? %%Ht 1gloeﬁ)ﬂg{\/a\)/falIrurg')ggeeger ation,
and si flubfeaseaosubsinad havimgscgictdicishgpeodxctliemt i lghmidity rdséstappnébsed to

S T RS S ek e i
encl os hﬁﬂze} %ﬁ%i %ﬁt%?ﬁ&érﬁ@%d%m ﬁ}n%yéléhg{ﬂ*ﬂ EorlveATH) HeFdly swig ihRlsp&sruth Dase

materi a I's mannér, by confining the fluorescent substance in the
spher i oa$mdscddyg pfobldme tInmddpmnethe praewrinaintion apabndliytimggowk utiheatfonuor escent

substange.are all owed to maxi mal xhibited. This will be.descrihed
wion ¢ EREiDREals B RS HORDAE O SRS e by ey e S et r om
a hi ghemebioAGiMendyERhetby Sednvcdtion 840 @sulribifc fRATisENt d&indity &hb@Ebh ON
occurs at the intefrface depending on the relative refractive index of the
medi umwhily pédegingdkeaemitens obthegapensiveapisi dashcponlesito evey yrrdhlev@dnon i ncl ude
variou Lnhd f. tical hnstrune such.as opticalsfiber. optigal
waveguiutsl o is IR s BROIGER BaBHEOy ARPEM R pdSREs PRHAS:  on
total eeddieftih GOmAGBUCSstA® andheaghistafde, bXiibitial ¢od SispakibRity,ahid Raving
critical angle Oc represented by the followng formula: Be =(ni /n2) [0034]
Meanwh R iseppresspd eenserisatipaduenghing hehhefluoreseemd engterial phpesinvaptipe anabdgsdbris on
wavel engi:h.,: [ f - i ractive
dex NHifioR AR oL R rh SR Bt LoRplel AP AR B RAL BB slidfnl LRV
Par ti cbt atakimalWiaipreved wad bio efablesefidedos hhtemishiorrefipeady fobevimpalvedgt h, the

refractive index of the substance_increases near the wavel ength.
thereby improving the electricity generation efficiency of a photovoltaic cell module. In

addition, the spherical phosphor of the present invention and a wavelength conversion-type
5



In addition, in the case of fluorescent substance, transition froma ground
state to an excitation state occurs at its absorption wavel ength
(excitation wavel ength), and upon returning to the ground state, energy as

fluorescence (also called light emssiaon) is released. In other words, by
mi xi ngPRetpYdlBiestisrling matedpldsingibe sphedpd phpEher H&%F eawa}vefqag’f%oqfékgh buti on

of ref {h%‘ég&e‘é%oit &g‘ﬁl?blﬁ%ﬂ) @%t&%%ﬁggﬁ%r gﬁx{etrétfb Iiﬁﬁﬂ%deinps&r{ﬁ hE%YelBhiRd
wavel engt h range of the substance, rather than the tranSparent nmateri al
(such tsa watdansipeornbutingso ppweasgdnhmtibasmdrsahetdnadusly allow scafthiing of theiat i on
is congeptually sho in.FIG3. In th r.aw n the solid [ine represents
t he reﬁglgfctf’i Qégﬁm??é'\??q]@i ‘%ﬁ?lFIHbf ingRdyge tﬁe ﬁ%@ﬁ%‘ﬁ%ﬁ%"‘)lﬁﬂf &lal as a base

mat eri n b6r the BFRSR Mvenflon BAY AGhbNE] bBEE hapk Shdlbdki | on
obt ai n?dogaﬁeghgﬁﬁfﬁgﬁgggk n? gutbsPanceli s incl udag%q‘i n theﬂj)fe_r ggspar eéiri:';xg

mat er i tie.fludagstént whizstdnge i tag dmadipagent hatarial ascbase endterthdx , Inghisappmenby at el y

I ti t he, t t terial . terial f the. heri I
body. - bREH b SEEERE tisPare e B iR RS el ey el i Sea i ng
resin) cagaBRiies 6PiMe PRORBERL BRAtACHHE BAbWES tAbd MBSHaly eRhiBhedh THewilebs act i ve

i ndex inside the spherical body can be made |arger than that of the nmedium
(a seafi¢ssybedewith yeferenechio thx diapandson Asalrewe iigk 6 £anben heh tesels Femhade

smal lef. th hat thereo [ eS| [ '

wevel oHgPHET iR el oo e8NS e R, BlotfhediGn bl oA SRl

exci t afépendig\ovalten@ldive asfartive inglek o€ tkirhadiant eTgpitdlieRamhples spagivecal body

wi th higher refractive index. However, in the spherical body, light hardly
goes odrRicgeon pidhisghenerenonipelydeyasious kinds af optice] werwments ﬁé‘%@é opHgal

spheri i t . i Lhde . j il side the
spheri gg%r, g@%ﬂ @’%3‘5‘3& %lf‘ds%ﬁ{lﬁcglt%%ﬂéglaﬁ}ghfyasgg%&elg?%ﬁ?gtdé g?%%ﬁg@’tt?%%\ i nsi de
t he sphdlec@l odeathywhohcmagiendliycidérice ¢lardeethah awgikitaltangle dchrepretantaddscent
subst ance contai ned in the spherical body increases the utilization

ef fi ci tedpliewingfeimuei on 1ight. On the other hand, in the light enission
wavel ength r; ng?m_lwﬁn ifference between the refractive index of the
spherical bo and“t'hé’ refractive i ndex of the medium (for exanple, a

seal i ng3a3i Mea@iihifd, SbstdhCesSipive ah Gieerdd® eifrdcEvardidet, avlgeh dgenidhet |ight wil |
be easily rel eased outside the spherical body. This situation is
conceptastipetBndsveminthecase of @ Gragiparait Mt iapdhgisiractiye ipdeXAKaTP ddr escent
subst a - Iy N i j j C , even
whon ubi g aNnE S kIR ke G Fer AR pien SRR has

suf f i chlesokptiont atspedfiewhedéength, alie tefigtdvenadéxngf the sudntaecd mdreasesekeartheé h wi | |
be able to be obtained. O her than that, particularly, the

f1 uor e¥@EFENE st ance absorbs excitation wavel ength, so that the refractive
i ndex in therfpiddt e WAL Pgtdlcdn® BOREACS WIRS1ish £8mY Hound 4R 18881 | Y
causing the scattering of light. In addition, when the fTuorescent

subst amoatatigy siegatcewrs af itgdhsogimntvavekygthdexmgtion waysdengtinand vronef ore, there

may not be.a ufficient effect on the innprov nt,of el.ectricit
genera_ffit'b[ﬁmt%fr%it ?%YHBQA eVl et qﬁ’risfimf&r@is%ﬁﬁe hﬁgp?rﬂ‘ts%lﬂ el_a.r&?% sver, by
encl oSTghENRofds U8/ REGENS 1186 SdeaNadstatcd A& thnBRsORmRMéridIRthe disétbution of
(preferably, a transparent material with a |ower refractive index than that

of t herdfragbveidencanshisergared)particulpsky is the exsitting wanskagthpnghel tHe f f er ence of
refracti,ve index betwsgen_ the fl uor . ing resin
can boSufopR et Sht b Yl HERERT tlkn BEERMABERAD M) BEmRTAL 00, [

f | uor esfa@al. subst ance, a substance with | ow hum dity resistance, such as a
rare earth conplex, humdity resistance _can be further inproved by

confini ng t héhsshaatipadeconseptallsshvasm BdilGpbdyinghe draping, 0B dingmt er i al
(prefe I er ' e IR VA [ . The
Sphor i Earespis s {sRARRRRRD: ARHELAA! o dihs P thdidi 38 el iabrio, an e o
in a pbatkexndihé adpgeserts la refipsltilve ek didtsSiautioanbdnealppldnediluoresvantesubstgide is
conversion-type agricultural materials, variqus kinds of ,I(E)f{)ti cal

i nst r uisHided 2 EedTasprasst A iah u%aé’gc%li%eaarfgﬂg therfPlagtiyR I3l exci tati on,
vari ous,, ki f : A tﬂ'aﬂﬁ}aﬁ ; 1S PL-AW R RPAE ALMS RS] MSvN@e! aser
exci tatg?lggﬁ?g%ﬁ S’?ﬁg@%g, al't .%E%E?ﬁg&%%sgf a?ér{ﬁa greseht I nven ioﬁ i's not
li m t eflubmstcnesubstacd, had edditipiRdly 8] mddiemyp kealing atsiphthshmn bemblaimbdss at | east
one fluoregcent substanc hat. wi.l | . he desgcrj bed bel ow ,and at | t one

0 s A ook biin S e efrChb it ok dpesienical BB & mad{Riss | e
spherical shape neans that, regardi ng6l100 particles neasured using a
particle dianeter/shape automatic image anal ysis and neasurenent apparat us

(for exanple, SYSMEX FPI A-3000 nmanufactured by Malvern Instruments
Limted), an arithnetic nean value of roundness defined in the attached




Exanpl es of the inorganic phosphors include fluorescent particles of Y202S:
Eu, My, or Ti, Er3+ ion-containing oxyfluoride crystallized glass, and

i norgani c fluorescent materials, such as SrAl 204: Eu, Dy and Sr4A114025: Eu,
Dy obtained by adding rare _earth el enments: . europium (Eu) and dysprosi um
(Dy) t e ﬂe&%@%&hﬁme%mr{aaeaﬁaﬂg DB AT SR AT e ﬁaﬁ%fh% Ringanade

CaAl 204;:Bifer (¥ (h@ WlerfBiSiaSHalid:AR4H] irr 1Y R i BARS RN Sieth Expfphes of
t he orégﬁwg E%bsp o?s nglﬁg%g%rgiﬁic d%gé 56%%§as cyé%iﬁgg%;gs, pyri di ne
dyes, #35] hbdsuch neitdates, insthd extigénn evapélesgih cange slight easlylcoMBERN teVi ol et

570, Yel,low Q83, O,ange 240, .and Red 300 manufact yred BAS rporation,
basi c SRhsEc T et o enﬂga- béovawal %fﬁlfﬂéafal%dxﬂggﬂ% M PLAST
Yel | owgbds/dardiadnnt %ﬁﬁéﬂfcﬁﬂtﬁ&la& JoE 1 kel MR GR MG dRahs siRrical oy, siR@ ghd VACROLEX

Fl uorescent Red G and Yell ow | OGN manuf act ured by Bayer Ltd. &E042] -Rare
Earth KftastivEmdpk ekthe sealing resimeutaideftloy sphageal hedy wrlewerasa thabidedightonpl ex i s,

fromthe aspec f light..em ssjon efficiency.and Ligh m Ssi vel engt h,
pr of er A a0 reeiog gt esishitafedva Sdiaredly aabeSRuER BRPELT

eur opi fiibrescent subftahtdesihih&d i thdsghlficdl Moy @RFdaestRé alilifeeR kiicidnsy BOt
particularly limted as long as it can be coordinated to rare earth netal,

and caex®tiapbeblpr Qn b ptheehand sutha diebt anisgjor vravelengib rangey the gdfarensg. Above
all, f i L.SS) | &l . I d . gand
s an GRck etRRE e foex' Hohe AR 8O0 d B Rty PIRLE A cd i dek OTE
and sagRdmpls) a $e@0dStesin otildRle pliesdbiicdl Byénisinon)ardd, ki thaghghitotilll berdasind
thereto, preferably, the ligand is at | east one selected, from carboxylic
aci d, Fileased entsids tesPhemel Bﬁ%ni%u%%wéa%&ﬁon?ﬁpwglgéﬁ@%m Eiilng aromatic

hetero |5$CI§$@9ME1bF?og%i§gttﬂBf%§cen§ t sfeéﬁlgé-eﬁkﬂtgﬁixgi{aﬁ%‘ies MR £nafi&il

neutral 11 gands. tion, a I gand o e rare eart

conpl exhapehaeraereswy eben what adimesh expensdivk 8tarscenebetancetind smellangemermal
formul a Rl COCHR2 in which Rl represents an_ aryl oup, al kyl

or oup. SuREET By P griion oL Tehcksinedboregt werigh wll & e oup, o
substi tygedt hereof , R2 represents a hydrogen atom an al kyl group, a

cycl oal kyl group, a cycloal kyl -al kyl group, an aral kyl group, or an aryl
group, and ROthesthranghatt partenlanly Ithegé/lmpﬁcelamlbﬁkme asabpexcaadyicvardléngth.gr oup,

a cycl oal,kyl.-al kyl. group,. an aral kyl grou or substi.tuen her eqf ,
Fespec o g i kgD in AR 6ROy AleRifBen Fe b SRR AhEEh, EHER
acet yl ageiife s@efihgof Batet I ariaion) eheh aRziotesdert dnbstamt apiopaes, light
1,3-di (3-pyridyl)-1, 3- propanedi one, benzoyltrifl uoroacetone,

benz oy Betisting Becomes harasTpaid thessfore.zhers meay) ot be puvsufieientpfiect on the

bi s(4- I 3 i he ) - qi cAak - ne,
? 3f p @@gﬁg@@%%g%%ﬁ%@g%gﬁeergﬁ& L6 O%hEPE P B Celerthod e VG ATEN B4l FRA AT

p- bi s( Hokcves b ehiclbeifehcdluotmeart tutdidnex anihd itransfaydne nzenia] (preferably, a

g; ﬁabﬂ%rﬁ%g%¥g§%%nﬂq§fa{}g{&%§m 2 ?ﬁghggxh%&ﬁ t?x’atS 6{{%@ hggr%gciegtn seu'bstance), light
bi s( pe%é%ﬂ!{éﬁf,%b%js@& By Wcﬂﬁ%ﬁ%r@ﬂ%tﬂ_@%ex between the fluorescent substance and

1, 3-di nyl) -1, 3- propanedi one, 3 8tr|fluoroacetyl)-d-canphor,
6, 6, 6- the schlilg xsid,c2n be slediwtlySubpiessednedi one,

, 1,1, , 6, 7,0, 7-decaf |l.uoro- 3. 5- hept anedi one, . o
7 0G78: B fafnky PR BBES g Bhetsrro S OuRT e atHgce with low humidity

Iy kdstdtdrict NBREEA PRE earll L0 HORGELYIeRIEN@N be further improved by

ept af | uorobutyryl)-d-canphor, )

, 4, 5, spgiiengthespbydncgon thelbspheriaahbedyydf)a tangparentanaietial fereferably, a

- met hoxydi benzoyl net hane, .4- net.hoxyhenzoyl- 2-f ur anoyl net hane,

-neth§7-%FﬁmﬁgB%ﬁﬁggﬂﬁﬁg?mﬁﬁgﬁgﬁ%P%ﬂyItrifIuoroacetone,

2- (2- pyri dyl rheBgienicalamobghor of fire Prdipal iav¥ntibn 1on PhesIMh&@lableused in a

1- phenyl- 3- net hyl- 4- benzoyl- 5- pyrazol e, . ) _

1- phenphotgveligie gal mogduje bg{ q}q;qjmm_p))hgi Wﬁ@@lﬂngt,h conversion-type agricultural

1- phenyl- 3- -4-1 80 -5- lyes: T o

1- pheny it Earlrn%&tﬁ%%{sj(}%(fsi O?Téhﬁéé{o incsgliu%hg_za%)c}?ési%aly ea1pparatuses using light emission

3- ( 5- plakyglexditadiof; wtids Ritdb oPopticht Asduments ambdisplag apparatuses using laser

3- phenyl - 2, 4- pent anedi one, . o L

313", 5ex¢ifatioprandyhedika slihoughdhs use-of theapissa Hiyepion is popligHedo-the ¥sesi one,

5,5-diﬁ%§ 1-1,1,1-trifluoro-2, 4- hexanedi one,

1- pheny1-3-{(2-thienyl)-1, 3- propanedi one,

3-(t-butyl hydroxymet hyl ene) - d- canphor,7 1,1, 1-tri fl uoro- 2, 4- pent anedi one,

1,1,1,2,2,3,3,7,7,8,8,9,9, 9-tetradecaf | uor o- 4, 6- nonanedi one,

2,2,6,6-tetramet hyl- 3, 5- hept anedi one,

4,4, 4-trifluoro-1-(2-naphthyl)-1, 3-butanedi one,

Q
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Eu( BMPP) 3phen( (1, 10- phenanthroline)tris[1-(p-t- but'yl phenyl)-3- (N-net hyl - 3-p
yrrol e)-1, 3- propanedi onat ol europium (I11)), and

Eu( BVMDBM 3phen( (1- 10- phenanthroline)tris[ 1

-(p-t-butyl phenyl) - 3-( p- met hoxyphenyl)-1, 3- propanedi onat 0] eur.opi um

(111 ))fQO3£L WWS@C@@BO%HW&M&S ﬁd?gﬁm%ﬂﬂ‘&ﬁs"ﬁmugﬁ%ﬂqeit ,Wl[l erence can
be nad I SG | oD - tsui ShharicsinRhd  Ki kuchi, Tokuj i
M yash.ﬁ%stéf%idn% u?gggﬁﬁ%gﬁgié&%@Qﬁﬁgﬁrﬁgﬁ?}lﬁ%ﬁﬁggg ,enf?,H bobE 2879+ . {0047]

I n the preseHereimhevitg the, sphyricad shage preans that, acdayding €00 pptices seapirak as t he
fl uorescent substance, gﬁghot ovol.tai c cel b, m)diuill e having hi %h eI]([ect ricity
gener at'{Bh? @i ?ﬂ??eg b aUPBRHE HragfAna a1 3pF HiEBHPFECPE AWSAOE | i ght ~ of
W 1§ gbtarhfi8] PPsiiex el 3@fo hathiiaviel 89 3yt Sh@mmbntsLiRiieh), Wawatmengch
conversion efficiency, and the converted light contributes to electricity
gener atrieam vilne pfisnodiss défineddh e atfaOliegiginalfive sebwereris 080 or wwré.l uor escent

subst ance i n .t he.spherical ,phosphor .of the. sent invention kS not
particul arl yInI qdﬁl‘t{dzld&ﬁr?&%bcé%dl Q{}bgf%ﬁ[splﬁrg%ﬁ?gﬁleogtcga Rteehd ilaﬁijlyto t he
pur posgcladiél ddesrdinhd@ tRé plrpesd | WOF esmeplé, whibshagRricAipheydior isfusedidhe aspect

of electrici tl}l/ generation efficiency, the content thereof is preferably
0.01 t vavelsusth pemersiomtyprphetopeligie edlbsopling materigl, thespartigle gismeterfharepty espect

to a total ) he spheric asph 00 ran terial)
o, ok TR, Shod IR AR B0 RS0 w0 el RACE et o
transp }%ﬁhal%béiﬂio@ban bOmbSRrddr BAOHurhé MREA paicletdigndteuBing 4 REGpPar ent "
nmeans that a transmttance of "i%ﬂt with a wavel ength of 400 nmto 800 nm

in an diffrheinn/spattaringatiicle Hte disteibuiian amdyzsr (fapexample, LS1332thmanyfaciuredr ent
mat eri al i S not ticularly limted as long as it is transparent, and
exanpl Egggghfl%cg@geﬁ’s%%b‘ent material include resins such as acrylic resin,
met hacpd;.!igf, (Rsdrscehir @ibd@aAe:)r esi n, epoxy resin, polyester, polyethylene,

and polyvinyl chloride. Anong them. fromthe aspect_ of suppressing éhe
scattering ofhg flgmescenpsubsigpecapsed dn Bis PEGSEY inkeniionicAn Be apRIPHASLY ISEleCtEdsi n. A
nonomne ' W | ' Lt but from
the as %%ng&{gg %B%?@&?%Sa?ﬁe&gé {éfias Irﬁl‘g&?agﬂﬁzf ?E‘E‘?%&%Jr%ﬁ?) gtl?{ri%d‘g?ossea Vi nyl
conpouaxkitafion 5@Yelbmgth ¢df G0 rom or kess andnehdwedighbemissioh wavelgngthés bhgorteecent
substance in the fransparent material and formng t spherical s , for
cxanp! Bt Ngraeleriton g repa s By SeBruig P CEETEHe T of

f1 uor egGRREIAHRSHARMVING iR ARASTRAEATTRAUHIE RYAn RAIMAR HhéR kAL BEIRI tBN

pol ymeri zation or suspension polynerization), whereby the spherical
phosphtirat chmwbeclprgth eangd allSingifor ligh btilization e8icenslyén the phojavattec selbduct
(hereinafter my.be referred to al sQ as,"vinyl oun I.L.ion")

i ncluding t h§pff%%‘@ﬁgspégﬁfabg%%ﬂ@i%e&%edﬂ 'éor{e/sicnlf/tl Sﬁ@%%npcgdﬁ%lﬁ%?@r g?%%ar ed. The
conporsT%hé@ﬁoﬂs;smafgmi phio§ishosd, afld fREESROMER] Eorffiigiddm ASimig them AforAgueous

medi u to obtain an emul sjion product or a suspension product. Then, for

exanpl &spephoippivplraeihaenyeniop sMAieicyPTBEIpar 3 dgasoMcdH CSRASHMISRPTS
POl Y TeLF A Ofth Rbtat Afin LA (RAHRRIMGCADS |4 Rl dhelrllS BHN hRIARoRBRALCE OF

t he suspension pro SIny a i‘cal” pol'ymeri zation initiator,

spher i ¢@j40phomph@nicCRibspieor-or med as spherical resin particles containing
the fluorescent substance. In the ﬁresent i nvention, fromthe aspect of

el ectricity Besraplas phthe ércrganieplgpphorp insludedbiojescent ppitiskes 9 &p@25s GBsY&nce and

vinyl co und- i ncl udi n hxture prgaduc a vinyl co nd ¢ sition) is
or opar 86 bRt drkpa BT Al 58 M el B TR SRR b 0ol 1 o
suspengi M hsBrAGE; 1By, BYhnH BIAIL08:: PR IV BbtazRE b Addiny $4e esiipsleRehier i zat i on)
of the vinyl conmpound included in the suspension product is performed using

a radi ealoppot (Frprand dyspsesiimi(Dy htogy canepousd dermeddinan seantiughesgnand as
F1 uor g8 ihus YRRABSRLEORLADY! A8 ARNGL! cal resin particles.

[0041] —Organic Phosphors—

Examples of the organic phosphors include organic dyes such as cyanine dyes,
pyridine dyes, and rhodamine dyes, and organic phosphors such as LUMOGEN F Violet 570,
Yellow 083, Orange 240, and Red 300 manufactured by BASF Corporation, basic dyes

RHODAMINE B manufactured by Taoka Chemical Co. Ltd., SUMIPLAST Yellow FL7G
8



[ 0051] (Vinyl Conpound) In the present invention, the vinyl conpound
is not particularly limted as long as it is a conpound having at |east one
et hyl enical ly unsaturated bond, and w thout any specific I | mtation, there

e e TS R e LD w0 ﬂe%af?ev%ul arly

an acr YLjiGw 166N ufaiiRh Boda Illgtdr esin upon pol yneri zati on reaction.

the present i nvention, prefer y, there are nentioned acryl nononers,
met hac(@ﬂ42]TDanmeI‘Eﬁnthaft(bﬁnplleke [ 0052] As acryl nonomers and net hacryl

nmononers, for exa | e, there may be mentioned_ acrylic aci met.hacrylic
acid, and al Rypeid F%‘ngﬁ@r@ﬁeﬁ%ﬁ@lwx i8¢ friup (R 33ppetof ﬁﬁ B fpjssion

copoly d al one
S i b
acid ahxkd/inoeasprefeﬁbdijndunpmhacr ylic acid al kyl esters include unsubstituted

al kyl esters rylic acid an bstituted al k) er.s nmet hacrylic
aci d, such aé Wé’ﬂ frming Fé@réemﬂb’fﬂﬁ C‘?@Plﬁﬁésr%ﬂtgf’%%“]@fel gllm%?élr%ll%ﬁge@‘s 6t hyl

et hac g B Gordibd toai%fé/éa?ﬂ'i%etﬁ’lu hayd cdﬁ%e%?fd@n@ie 8 sebecRldiebhamyl oars vl at e,
and 2-ethyl hexyl nethacryl ate; dicycl opentenyl (‘neth)acryl ate;

t et r ahyctadtaibd ugey Ahevmalhdrc)ym theaspdse ot hght wetissiancefiitianey, p@fﬁrﬁdmﬁh@ obt ai ned
by the,reaction of. hoI with a turated carboxyllc acid (for
X! HEEGH pRPrsTER YD P e et P AL S SRPBOGT o1 ene

gr oups yamiriupet hyl ol propane di (et h)acryl ate, trinethyl ol propane

tri(meth)acrylate, trinethyl oltﬁgopane ethox tri (meth)acr%qate
tri net 48] pﬁ'@b&ﬂ@smt@@‘tmyﬂ%lﬂé lﬂgblaérhym@fié crefet prafrsaiiys(tes hganddnat least

ol yoor o et in shEPEATAN B JRp B L SR LRGN Pl vpropylene

di pent ﬁﬁfo\gbﬂfl-%ﬁtglhlr@%ﬂélﬂéﬂ@ﬁéﬁér@@idﬂc@bﬁmpoﬁlmd%e divetyhdy, hddphosphine oxides,
hexa(met h)acryl ate,  bi sphenol A pol yoxyethyl ene di (meth)acryl ate, bisphenol

A di oxydidharenente [igands) acryl ate, bi sphenol A trioxyethyl ene

d th t |, at
cegrpngunégc(r)ﬁ :ldﬁgé)%bgs {ﬂﬁ?@gxgd;%tpéﬁagg%ﬁ%%@ﬁ@& s ur E"AH é’g)%car g{?él ?ce;m dto a
gl yci d]BLdﬂlEféH@réfﬂékEﬁbﬂ' b @ oA RHuIATRI COMERTTGR’ ﬁfnli iiRhhR! elppssomane

triglycidyl ether triacrylate and bisphenol A diglycidyl ether diacrylate);
est er i fiyé graupnanelsylugewp, sicyplorahgrens. accafrcbv@lkyl Rk yhgtodp,(anpekelserpin, 9aRi ¢

anhydr i \/ V. t ically
ansat uraraRaHEsSE KeRREE AR MR ARAITRR, BORIBIA ERL

(et h) agdlydlRglenliéd wedupaan aratigd gtoupnommaidrony, aho Ry Irqyiesedlslaﬁacygmtpe aand a
2- hydroxyet hyl (et hh@cryl ic acid ester, and a re |on produE

trimet ﬁ1}<w erﬁamwlce lgromeot pxtealie] aéel% RENExah¥al 84?&1%091‘,&5& gituent

2- hydr gxy E%L W%@) acrylic acid ester) and substituted al kyl esters of
acryllc acid dr subStituted al kyl esters of nmethacrylic acid in which an
al kyl  @vosdp Sﬁ&liihﬁéxahﬁal@uﬁshd B-dilecbnes trelule hyetylxstbnag perfluoraetgpoxtyngr oup, a
hal ogen groug or the like. [0054] Qher exanples of the, vinyl conpound
copol yhezoy hpiferapplmegaps| 1|=%d’é%1pé{“d¥111\?t] ratoppiesiong; benzayHriflucgeacgione,of
acryli de,
acryl oﬁ?@#ﬁmetg{gjl gc@%ﬁgﬁ%c ?F%Qénogﬁ hha&ro%{%értl%easfsgl !\)/1{8%? et gfeﬁr%{ehaﬁél’nhese
vinyl dibenasisetimye, Hel- ahsmﬂplakplm:tlmnc; hBahayandmlﬁapmpmedfonEy\o or nore Kkinds

appr op Pri B8 B8deiethiLigEtr | Ry Pe BBV o) DT AR R 1

par ti chesqifiath @sﬁ%@a\@aﬁ)ﬂyadleephtmﬁnahe{eeaﬁjwayoylﬁehbﬁ@st one sel ected from

al kyl eSters of acrylic acid and alkyl fers of methacrylic acid is used.
[ 0056] bis@drﬂmrvﬂﬂgﬂop@wpmmwnmcthm bﬁeh(émluqnml)elni ppanglionsnof unct i onal

vi nyl und a ed.to forma vin und conposition, or a
bi -yor (';’Fﬁ% @f‘fBﬂﬂf{h %@1% t{:‘gﬁﬁr&ﬁgdi“ﬁetﬁ %Its arﬁ)g 10qe ’rmngPunctl onal
Vi nyl qqquqmg,m%q -RRa188d-1 NhéMamaddngl nyl conpound conposition. Above all,

fromthe aspect of electricity eneration effici ency, preferably, at |east
one nmoidt LRSS, %haitaﬂquﬁ %Wﬁb&&é -’aﬂ@talaﬁtdlfhl‘@a%-tfuro’ﬁeﬂb@ma‘@ﬂtom gher - functi onal

i nyl d t d
or of or SEg OB RLGeHO5 2 Rer BBt ERERRC, VT Te aci o der vati ve and

at | eagts RS, 4%- he;ﬂﬁﬂﬁﬁrghe(rz thieagn 103”lﬁéxaﬁéiﬁbﬁ9 aghythboydisandoyigicthaat,i ve are
used to forma vi yx—@ conmpound con%)oa tion. [0057] The bi- or

hi gher 4faeibexyhsato -giefl- 2§f’ﬁh@ﬂt@1§ﬂ@ﬂp=y limted as long as it
is a conpound having at Ieast two ethyl enically unsaturated bonds in its
nol ecul e. Above all, fromthe aspect of electricity generation efficiency,
the bi- or higher-functional vinyl conpound is preferably a two to ten
functional vinyl conpound, nore preferably a two to five functional vinyl



esterification products of polyval ent carboxylic acid (such as phthalic
anhydri de) and a substance having a hydroxyl group and an ethylenically
unsaturated group (such as P-hydroxyet hyl (neth)acrylate) [ 0059] When the

vi nyl conpound composition jncludes a, nnnofunc n d and a
bi - or -na@ﬁ@ylltr%efqaeﬁame ¢ GsRyridghpensiaidazpl ecﬁvé Qﬁky : lez(i) ;Etﬁm?w

monof u .

compoundn S Sapdhl-LERMRERIRANL, L iR ey o DU R A ppYpie

ﬁl e(r:]t r I?hmyl-gemetha]t 4-m0|berfyfyld pyrgz;,qle tlzldleambﬁrmiﬂulﬂ emm{mc?wllg gyrazolte )

i gher in 0 used.in nmoun arts

mags of iu'ﬁ ?434 ﬁﬁ%%?ﬁgm)sg grP&P@P%PV )Zl pﬁ‘étFJf‘eS‘P masg and ?/mre
pr ef er@ii'gs' leé)htef?ylﬁle%&gr)%h@ﬂylmi hERRERT) (-Bﬁﬂiaﬁ@'l 3Rgbyerer i zat i on

Initiat present i nvent| on, ol ymeri ze the vi nyl
conpoufd; dlmem&bi,éﬁktyl,ﬂuam %gdrl‘@aanqdmnynbph%mlﬁdﬁ -thishyl)dtopropsnading. As t he

d d I I
it at ool T Dbty FLitrRdre 2 PSR (5 xampio,

per oxi flgg 105 3137 Biskeo Sl@rakelRioARLB-noSRR&liiccal | y, organi c peroxi des and
azo-based radical initiators producing free radi cal s by heat are

pr ef er 2BJ6eh-tetramethyl- E;@ahml@gd@fle,t‘lbﬂe‘l@‘rl apd @e‘?a@mbd’b)sl@ ytanedignde used
| ud | b
e 5 SO BSEgE e e ol oo e g opy e

per oxyulp&as-hoantkthyl-3,51ectanddiont f RIBLtH Hethyl-B]5- hi@miledﬂﬂe,at e

bi s(4-t-butyl cycl ohexyl eroxydi car bonat e, | ohe - 1-met hyl et hyl
per(()xy 6%%%%&1@ og%{@e?dgfr@t M%y‘éltﬂﬁﬂo” é‘rbmar]e%‘g %‘ﬁ (JT]JIS Y Y

b t , bi t hoxybut yl
efgne(yg ]é Eﬁ}l ﬂ)%ll@( @%&?E%ﬂglé&?ﬁgwyﬁut y(lqﬁer oxy gl calr ;gﬁat gxyt?bﬁtyl
per oxygepdbutmﬂahﬁ) 3t-(phﬁa<tgbx§m;hemdyﬂ);3vmbparedlgﬁe BEHNBMyet hyl hexanoyl

013, gftdéﬁrfe%%gfémrﬁfé@ébgérbasa%‘o%iacsm R T

2, 5-di gt etoﬂ{fhﬁﬁlﬁm@ §(Iﬁetﬁjnpaﬁt&ee@a%r)ehg&aaﬁleﬂwemh@hes%né - met hyl et hyl

peroxy exanoat e - hex eroxng et hyl'hexanoat e, 4-nethyl benzoyl
per oxi Eienetluyltil,ﬁ butap@ilmlﬁflattw%mwﬁm nyl- Marmftﬁlltamﬁl@ytabenzoyl per oxi de,

b,egl-zg?/i | de%’#d%?gﬁénéé H)E h;ll g fg?%%§§£,‘ ‘Z' methyl-2,4-hexanedione,

, 1-bi §(2t6 @@éﬂéﬁﬁﬁfy@%ﬁ)hé’plﬁm&rohé iRyl -cyichpb@xdiate, 2-acetylcyclopentanone,
, 1- bi s(t - hexyl oxy) cycl ohexane,

, 1- bi 2{acetpleysio n&% 1dhegtagorapronst-Aytreydr binsxenaaedione,

: ]2-- g: 2%4& ! e&&t tyq )lcy@(’&’gﬁéﬁ@?g?)%@% -1 %,butanedwne, and the like.

, 1- bi F(t 5])UEydlmﬁéSJm)1£mﬂo@é®daﬁammg drgzhmydmmmndx,mﬂsmnamyﬁaxmng\ocar bonat e,
t - butyl peroxymal ei ¢ aci d, but

Xy-3 trinmeth exano t - but yl
per oxy PIauIAE Bsterocsclis ??&Wﬁ %asg Bh h@%ﬁtﬁ&ﬁ%@%%ﬂ#@@ﬂ@aﬂ@s f@f&?gﬂ Y

per oxy HQ thyl fexydpynecar bonat e,
t- hexykﬁgglﬁjgt% n?@%g%géﬂ?%ngtl@?hén H#LMZHOEQ% E%ﬁ%@o%ﬁpgrgogéy hexane t but yl

per oxya,dedlp]nazyl -2,19-phiesdrithrolibe; I2|s(é|=p}oxy1)/bh¢ramm,dazelb,atlphethﬂmxglbmm

2, co- birsnittbib PG YR FesrsppruRmmee and bR PR e

2, 5-di rRjdgy 1Ag rate Ghrtd c&hﬁlé’i&éﬂa hexanas a§ mBatioHed GO, abs/e@Xl, 86m the
d| -t-butyl peroxy, p-nethane hydr oper oxi de,

ﬁ g di aspebtyd- vﬁqﬁbbgtb(mnm*wnp&'rmyrfleksrxaelplﬁlth@@)mﬁylmefn@blvelsed it
vl o BPORAlabheh{f i P B iR i PR PR e Ly EL LRy, Y

hydr op@lrngigjug‘gmﬁnd 2, 3-di met hy1- 2, 3-di phenyl butane. [0061] Exanples of the
azo-based radical initiators incl ude azobi si sobuT%r onitrile (AI BN trade

name: En(RMPRunbdnids W+plenpythindive)ts[l < pcrieilehenyDriddbmatind:3-pirelg); 1.3

2, 2" -azobi s(2-nmet.hyl i.sab r trile) (trade name: V-59 nanufactured by
viko POFE RGP PR ECE LA { o )

2, 2" - apaBIOB My, gheriet1hy0- pl@élﬁﬁmfblinle)thﬁ[)l (@:tnm@apmsre 3-ip-Bisthoamptfcaghdred by
V\ako Pure Chem cal Industries, Ltd.), dinethyl-2,2'-azobis(isobutyrate)
(t r ade prepeecdianagdsuraaivat AEkr ed by Wako Pure Chem cal Industri es Ltd.),

and 2,2'-azo i o 70
manuf act ur edﬁb%%@%%%&@%nﬁ@w%ﬁ é@%ﬁgfsalﬁ{t%?‘%{ ﬂc%og%gff An armunt of
t he radical poI ynmerization initiator b be used can be appropriately

sel ected according to the kind of the vinyl conpound, the refractive index

of the fornmed resin particles, and the |ike, and the radical polynerization
initiator is used in an anmount of ordinary use. Specifically, for exanple,

PNRRRRR



[ 0065] (Radical Scavenger) Preferably, the spherical phosphor of the
present invention includes a radical scavenger, together with the
fl uorescent substance. Including the radical scavenger suppresses the

deterioration of the fluorescent substance.in th rqocess of producing the
spher i Bgthogiéssked in “dasayaMitsHiship Sgﬁ'ﬁ Kokughie EkﬁégA&agﬁﬁeﬁ‘qd&&Fﬁﬁh osphor

havi ng ffjci copwehsion capabilities. Accordingly, it is
expectégl%ép%a{% Ngélpeﬁ'\é%\%?t@g%’g%gﬁ%éz%m e using the spherical phosphor of
the pr E{mm} IntHe pick@n ivERfieN, ©F usinghpartituldriyzadirepiuaichinplesresthafidoreduast st abl y
i nproves electricity generation _efficiency. .I.n addition,_ by incl gdi ng the

r adi cafubsiace aghetovaltain el medple daying highmlentriciphaeneration sZicisney S8 ance
hardly ri | Lead: hStd SwviRenb@nge of
opti Ongo‘ilﬁ;tg?. a?#l{‘%@?%{s@e% slu %ﬁghﬁgﬂl%kﬁg? %ﬁé}gergéllr)\%fdulg%%%?ﬁeﬁt he sf)l eri cal
phos pheegion Witlp bich W eleagihcahve sian effpimcy,rant] hise @meerst light eentributes tcs  not
particularly limted as,_|I on‘g as it can sufficiently suppress the

det er i BiFeltickn gereration i phelprdtinecliSupst ance derived from the radical

| niti agdhrztsgnﬁ%@éb‘%&& SP@%%uBhéé@én%%%Eané HDBE 3PRicEPHo3bHY: BO t2RNEkEhC Al
phosphor can be obtained. Thus, there can be used an ‘ordinary radical
scavengsentisus hotgaraedtardemied amd cra-Yeapewprialcslectdagerrding, to ghehi nder ed

phenol - based r.adi cal avenger, .a phosphoy,ous- based .1 adi cal .scavenger, or a
ot or PResrdly £ of BRVERTSen SuBuSR R e LR RS BT FERRE e BT e based
radi CabereAbaRgEieddyCiht d8ntdntdhde bt 1§ pRESYBIFEL (WVAOPIZP BY infhs il ihd WRkbacr yl at e,
2,2,6,b6-tetranet hyl pi peridi nyl nethacryl ate,

bi s( 2, preferably 8tHandt Iy by mass, et wbpes) webepdmass of the sphirsicalgthogphest hy |

succin nd-. 4- hydr -2.2,6,6,-tetranet hyl - 1- pi peri di neet hanol ,

N, N, hf(},oﬁrgft @{‘?IEP%‘%@B&%%‘?% s- (butyl - (N-met hy1-2, 2, 6, 6- t et r amet hyl pi peri di n
e-4-yl) am np)thé picait Wredtivi, thellordiceapibsanse-id cdlaidedin the rrasgasnedi oi ¢
acid bis(2,2,6,6-tetramethyl-1-(octyl oxy)-4-piperidi nyBester

bi s( 1, maErigl 6-1pdha presaphinyeatiq, gierteem njatsparent” means that a transmittance of light

[[3,5-hi - di et byl - Vel I a

reacti gjﬁtﬁ%:\g%,ue ?}ng@e@v@ g%ﬁg@%@c@ g{;]%%ggg%alt%gﬁ%@c({fg %ﬁnﬁﬁgﬁgﬁe’ber oxi de

N- bu'éI yI2- 2,2, 1th6’ermpﬁl Iamah(f grialds p?mec?ﬂNaGg?leqgiz &, lénﬁ?silt:sctm%pageﬂté?g- :[] riazin
e and 2-am noet hano or exanpl e, uf act ur apan
Cra  Cagnplgs S(the Bamspeenl Bkt AHar RIS R BLeR by Geere fESR

met hyl ; 1P [ W ester QR PiMloride. A th

t et rakiul;c }%mg T%ﬂgeg e%ggh@ y%’?%%ﬂ?%fﬁgﬁ?&gn , 4- brllj'geane_tné?nrgacg?boxyl ate
. [ 0068pnEhaagicesofupprassing thd ecatidrip ehbghtbprstegred asiarcadrylscrgsiarnger i ncl ude
2-t-butyl.-4- net hoxyphenol , 3-t-butyvl-4-net,hoxy.phenaql , . ..

> 6. i TeLisGRT rasty iy Pweisr compeiint FarniE URRR SRS parieyterts emisdh Donenol )
4" -t RoRbthS aépeh Bt hppreSiitg MY kydiRRAag of lightdpréferldiy4 i eNEmpound.

i s(3-net hyl-6-t-butyl phenol)

4
bi s , '

1, 1, 3- {60581 2Imesidifion, as apgthod yosinelugingyihg,Rergscenigubsiance in the transparent
1, 3,

t

5-trineth 2 LS(: -t 4- ene, and

et r akl erlﬁeag ﬁ%cﬂfgﬁnelﬁ%q? égﬂ}%&g’%?h?ﬂebﬁ{r%%&%ﬂ’ reh?%‘?%é%%@ﬁgﬂé rogi nat e] met hane.
[ 0069] dlsxstupiges dipersing thhls@abakhssubaaed in adhammes campogel andnolymkeizdi phenyl
phosphi te, diphenyl isodecyl phosphjte,. phenyl diisodecyl. phosphite,
4, 4' - birmyy!piga pelysiespaionrshanession pakyesiRaRp): ‘M]i“tf?l?yd‘g‘e 91’%51? phor can
cyclic ne : i I i i ne
ot ay P BREta o sor Lhaly, S PG, AN, RS ay Fay PosreRel @
t ri s( nalylaptenyl doptpospdtérmposityet”) trbpenthea flaoteetenasibstance and a vinyl
tris(di nonyl phenyl ) phosphite, .. . . . . .
10 (o, SORPUELS RSB 17 Pa eeesiian is GrivhuAsshprsHroREEAe it emediien Gurlhes an
di i sod ' i i i
i 52 e O abkl A oA PAS o  sponsion product.  Then forxample,
r adi caby pobwemigatior (goiulsien piilymenizdtios o8 susphisieli prippenzrsion) oidhe viwat y|

3, 3' -t hi odi i e.. N-cycl ohexyl t hi o phthal.inid d N-n-butyl b
sul f onnraetd Bae Sngtuinn dovet fefie PERe o e U SO he
hi nder gdiyatEReiRAaRMidrA0E SHerBSPHRRIRE SabEiRmed 88 Silledcal $esh bargBlkt he aspect

of suppreéssing the coloring of the transparent material, and nore
pr ef er abhtgining thel@newseent substaneed radi cal scavengers having a (neth)acryl oyl

d, By havi . |, oyl ' h .ecuyl f th
adi cal ScavEhbePtet IR I AMORR R ebea R TREEY  anspar ent

materi al and the radical scavenger arél polynerized together, whereby the
radi cal scavenger is incorporated into the transparent naterial. Thereby,

t he radi cal scavenger is immbilized in the transparent material to inhibit
m gration of the radical scavenger, thus inhibiting the bleeding of the




In addition, the radical scavenger(s) is(are) used in an anmount of extent
that does not disturb the progress of radical polynerization so that a
spherical phosphor is obtained and does not deteriorate characteristic
properties such_as transparency and refractive i ndex. 17 ecifjcally, for
exanpl ar,efqrﬁlély,raa@waqce%tcsagﬁwgéraeg Yk §orBROYNGAneiydige nyXtEe arﬁgﬂ‘ﬁt(a 815h. 01 t 0

5% by mﬁ%ﬁdtc?n@%%ﬁtgg}igwgéﬂ aﬂﬁ"a\%ﬂt&ﬁg‘n@& il d@edih dsu&%%tégg%oﬁ%dﬂ[rﬁ)f erably

in an ano 0 y mass respect thereto. 3] <Method for
Pr oductoaht@Gpheusmeatiofposiobip axd then the polgmerizmtivh (uispemsiop potjnadrizgtienyef

spheri cal ,phosphor jn a spherical shape while ipcluding the.fluorescent
subst aﬁ‘@é’lfg}ﬂﬁo E‘(‘)‘}d ‘inF]%ﬂ%‘g’d‘eté‘? S‘ﬁp?%“b‘?rg%fp&@ééﬁlﬁ Lme Pﬂgg ﬁéadf“faa]msparent

mat er i 8hiyndAbaraRRhr 1d REmid YRAESSE BRospRULA RtEQ caRGubdiick REhGRIngS Cavenger
are dissolved or dispersed in"the nbnofrer conpound to prepare a conposition
and t hepheripdlrgsiepartiates.on (enul si on pol yneri zati on or suspension

pol yner | i of the nposition is perfornmed, whereby the spherical
phosphL¢0%?Ln8§éylp¢cg%quggf Specifically, for exanple, a mxture product

including a fi HepRS&GR MvchHBS HROGIRyPdHnuME Yot ﬁ@maauﬂ lintiedek ey itk a
radi cal scavenger if needed, is prepared and then enulsified or dispersed
in a madbmpe ingent dgastangedudemesdly pmpatigtedtiont rangdrivigiaut 8nosepifisduct or a
suspensgi on.. t i i cal i L on
1 anBnaogh G b BESes sh A F RGeS BBt BREAR: ¢ 1O
suspengietiaciil 0lgeher &r tholikeeiat Zechecenlasion rgii, pariculdl iagacelic $espensi on
pol yneri zation), .allowng for the formation of a spherical phosphor as
spher i Bgthagedic sesinpponralemenizatign reagtiome Initheprest Mveriims prlerably: there |

the pr E%‘?g%néfog%’c?%gﬂﬂoncﬂﬁ& ,%&Hé&# Iﬁﬁndn‘??itan@ﬂ?el' of uncti onal vinyl

conmpoun st one bi- or higher-functional vinyl conpound are used
as t he[a052Y| Asamybmodomens dndratethapryé hemableys, fatexhmpkt thoreanapboihenttdriednal

(rmeth)acrylic,acid derivativ nd at | eas e .bi.or hjgher-functiopal
(et 1) acvs pod e baciels #3008 «BoteFenaRt, 8 Soiion. hTuiaompouss | n « ne
pres e”EcE)]ilc‘{l;%ﬁ&riianb with 9t D8y BS BRAGIn&] 108E@EE I IMhkid/mBE PRI BheRrfih &1 €NCY,

preferably, a mxture product including a fluorescent maternal and a vinyl
conpounenbinatwrepimecdr amde kinds thtreyder sed in a nmedi um (such as an aqueous

(sus potsah Bifomer o HTB Gl ot oasgairar R SERS ok fbec”

SuspenghbstRinRd iyl ésibrd @f aér9Tic 8iaaRd Gnsubstitati Gidy] Qb e FieBiRbiyia abidl t i at or,
t hereby form n]g t he spheri cal Bhosphor as spherical resin particles
i ncl udpury asmesthyl gervéaie.anethylunesrhagiate, ¢bpirsTylieosihylmacthagsdate, Bty npr ovi ng

| i ght ] i filel i resent

i n\%ent ?%rkia%eggﬁg?ﬂnggaﬁ‘;}argdrtg%{%ylh%%?&?zft%%ﬁ h %Fere&ﬁg?a Fgl%%a%&%tt% 600 pm nore
pr ef er dklyyloperenyl (@etBRRrae; @shyslkefutfur (eethjefdatajbepzdmphidcoy 260 p. m
The nean particle dianeter of the spherical phosphor is neasured, using a

| aser @PMPPURds obined br dke reppian of nablaipeholwithy Pt-nistysaied Fatbexdicasid (for

di strihuti cur IS fr j I side, the nean
parti c?%m&ﬁg’r%’?yee\r(ﬁ%%mt&&i\gﬁ%re ?ﬁ%ﬁyl%%%ﬁég Eg({;)rrllrL g{g g’%%gf@%% particle size
i n whi edmetipielpabpane divdieghhcriyiateb Gimethifle]lpapdnt cli@nch)aerylade, di stri bution
measurenment using a | aser _diffraction nmethod can be perf,&r:‘rred using a | aser
di f f r abtmeiylogueRase el xpalmetpaeryate ctripetylplpraneas PIORSX Y HEPCN RGB! Ss L S13320

o S ORS00 Type
polypropylene glycol di{meth)acrylate (having 2 to 14 propylene groups), dipentaerythritol
penta(meth)acrylate, dipentaerythritol hexa(meth)acrylate, bisphenol A polyoxyethylene
di(meth)acrylate, bisphenol A dioxyethylene di(meth)acrylate, bisphenol A trioxyethylene
di(meth)acrylate, and bisphenol A decaoxyethylene di{meth)acrylate); compounds obtained by
the addition of o,B-unsaturated carboxylic acid to a glycidyl group-containing compound (for
example, trimethylolpropane triglycidyl ether triacrylate and bisphenol A diglycidyl ether
diacrylate); esterification products of polyvalent carboxylic acid (such as phthalic anhydride)

and a substance having a hydroxyl group and an ethylenically unsaturated group (such as
12



The wavel engt h conversi on-type photovoltaic cell sealing material of the
present invention is used as one of a light transm ssive |ayer of a
photovoltaic cell nodule and includes at |east one |ight transm ssive resin
conposition | ayer having wavel ength conversi on capabilities. The resin

conpos Pthydrexyaipst (metipecrylate)aurethapg tmeghlacpilate raich ﬁ%rqaetéﬂm PREEsI96r s and at

et RROCACA PR S L0 Mo ol RSE] Sl By 7 W o

i ncl udtrngethﬁhexmthyiwmgsntah@te dyﬁ}(ﬁéx&ﬂ&dimﬁﬂha’mgl tahezsghﬂﬁayemyl phosphor in
t he wavel engt h, conversi on-type photovoltaic cell seali whe

used ameRECHHiciarigRster) andribstfulad allay) eptersiol aarybﬁét:lé\%Is?baﬁtlélt%ﬁﬂkylr?é@{ﬁ e t he
i ght Hﬂnlafhzi@rgh@ Deiffid i %xﬂgl gi&ggﬁé}gw i€s tlﬁ’@d WiRG g&%i(g@%w%ﬁeby

electricity generation effici e sta ylrrprove

scat t eepaxy grbup, indlatoges goop) @lthe hlde wth a ratio between the refractive index
of the_ s pho hor. and the refractive i.n xof th ling resin.
Speci f 1 Q‘ﬁ?fybﬁ}ﬂé ?@0{ the VidubianapquAg cgpol W@lﬁ%a%ﬁ‘fﬂﬂe AeYhiedeith between ¢ he
refr aCIﬂeﬂ%cfy'ﬁg%51d0$1k§rlkl§te§§3$ﬁckﬂﬁl ath9?51!191%@&%1%9%5&&!1@5&& ¥RIidGex) of the
sealing resin is close to " the influence of particle diameter of the
spheri @la[depMSlphtblnlel élaemmel acaddntdwestsmac,twdwngfl m‘luemeg hithess vido snal | .

Parti cul ar resent inventi on d veI engt h

conver BTBRTRS S egied elah bt R masa ot o 3P Biest Bobf tird®eel §hodul e,
pref er piylsy] Tﬁk?wh?lf c!o%ﬁ:ﬁduﬂ@ irl the ?i%sélﬁtlhﬂ‘:nhﬂn Ban\By fpesistidiely edbQs] fruitng
sensitivi tﬂ/ to photovoltaic ce nanmely in a wavel ength regi on of 400 to
1200 ntheirsiradtiys éndes of imed)ﬁewmear@@hehamtend@ wilng, endprefgraldyia deashe t ot al
reflection I ht Q t spheri cal
phosph8ne Seg%gedrfe Ii%%&ig ﬁ%(%!fg'@ élfi?‘ﬂe spﬁglreelrl%go{rﬁ%g% r ﬁélfmggbsrlg %r ably

hi gher [go3an Ahﬁler\filfl)ﬂ&ﬁﬁipbﬁfnd 1md1@e<p1eﬁeﬂt iveveAB@, iangorfofisicions vényleampsuidn t he
exci tatl on wavel ength range. [0078] Fromt he above-described re ui, rerrents
for exaleps maybe ua%Cf tedoun a YEuh FRP R A0POpIs LB U Bt ¢ highprfuncgfigppepny]

Eu( BMP RMPR : ol ynet hyl
met hac?%/]ﬁgﬁﬂéggéﬂg% rans %&@ﬁ?r@#g?@ﬁﬂﬁ rr}ﬂgﬂ%%@%?%ﬁg%‘%ﬁ%@?ﬁ? hg@ spheri cal
body) , canpovad oenipy)klanm- visbgrte afhbﬁ‘oat the agrot ofindectidiy/denaativheffeeaty,ng resin,

there ca vi ded a rti.cul ar f avor apl tual relationship between
e 1 ePrleiiyd S (oo RGO Vi et PR L K gieVial ength and 11 ght
em ssi H@h&{aﬂlﬁbﬁd}ﬁt &ny%ﬁuﬁe afereea IR rRAPERY BinpdaRBEdhpdsttont Snd more

phot ovoltaic cells However, in the present invention, preferably,

t he fl peiaspt lmhmeamfunchenah(mﬁﬁpwﬂm acichderiviative achat ledstonachit png resin
are ap g@g% %{%‘f 1:cte hth tZ rel aLIOI’lShI bet ween t he
r espectiEE PR AR AR, 88‘%‘ odre“%’%é"r%%%{”f fP 8T hEPALBVEWES cr i bed

condi tb@ﬁposﬂadnt hough t he present invention is not limted to the above
conmbi nation alone. [0079] A preferable ampunt of the spherical phosphor

added [495 heThmbie pehigher-unetianat YiRyl qosgionnd s particularly é}yéﬁeduaﬁmg@édt Bn the
| |
nevel eRebpSARMEL LIRS ORI GNAIL A aGEkds AL LG ABRERES) aBb LR,
r especfrotnmtha ajpetedf edevbritity g&hexaumoaﬂ‘mdna;t itheebie onliighdr- qutmnat vigylanount of the

spherical phosphor added is 0.0001% by .mass or npre, |ight em ssion

ef fici 6%90‘¥nt4d$ BRI YF‘rﬁwaéFdFeEHfBlPFUOMe‘HHX [FEMRRBREh MArR BFETRDLY @ 19990 By nass
or les n it f essed,
e N S e s e N e L

( Seal i dgiRase.n) The mavelength converting resin conp05|t|on | ayer in

the pr tion ncI S a.,seall S atrans t seal i ng
resin) ﬁﬁ)ggjsf%ﬁ’ ceexg;pg:LF&og I- g errgﬁ’g‘ﬁ glln‘{m)ilé:gmpﬁan eto be used
includ lastic
] SN Y e 25

transp (ﬂuelm tis pcdyd:thyignmglyeml|chﬂmdt1$)acxgmts(d1avmg 2itn 18 kéhydme\peoPa], etitylddecunent 3,
vinyl acetate copo OV|ded h thernosetting

an et hy e A

pr oper E{Yé& dlwmh@mfaée mraeihﬁi BREC ARt %%ms%%prpw’ém. on i s not
limteg; H& L e ehRRAR! SRR ApRpafie di SPer si on
medi um ;e5| ﬁee[t ranspa t seal f{%gﬁ?es?&w of’ thee%?esf]ﬁ]%corrpom tion for
wavel epgmbxyiuﬁnﬁh}acqrhate,yp@arpﬁbylohnﬂthmednﬁed:th)aseféatc rigtramedtylpbucthancr esi n
struct hoto urln rre ho hot ocur apl e, resin are no

par 1 U R E R e o R Q) RO 2 el hBPHERn B Bhot o
radical initiator, the resin conposi tli30n for wavel ength conversi on-type
photovoltaic cell sealing material includes, in addition to the covered
phosphor, (A) a photocurable resin, (B) a crosslinking nononer, and (C) a
di spersi on mediumresin including a photoinitiator or the |ike producing



[0085] As particularly preferable crosslinking nononers (B), in an aspect
that crosslinking density and reactivity are easily controllable, there are
menti oned trinethyl ol propane tri (neth)acryl ate, dipentaerythritol

tetra(neth)acryl ate, dipentaerythritol hexa(meth)acrylate,. gnd bjsphenol A
pol yoxJPeRpeiaHEle nepR{RyRac aelipentesTyby L@Eﬂ%ﬁ@ﬂﬁylﬁtﬁybl el al one or
in comjj i : i A ri bed
A O e e e T i i
conver giayethyleae plimetyairylaiecacidiibphenall A depanstedinilaie dimah)aarylateyder | ayer

t hereof (a side facing photovoltajc cells), it i§ advantageopus to include a
brom ne or sEAMRAUNG: BIPFF"inﬁg %ﬁ@%{%ﬁﬁ-@nw@m@ae 0% zf/ac%do e

crossl | ki r L ne- ' Lacl udes
e PR R R st AR R A B LR RS bt

manuf aaiaery@ste hyd Baphanbl AKigyaddeithealdiactylatestng Co., Ltd. Exanples of a

sul fur-incl udi ng. mpnoner, conposi ti.on include U L2000, 1 U L3000, . and

"U MBL010  mefATHIcAuoErodyCiReT BT e C@Qxﬂ%ﬁﬁli}%ﬂ“g‘tﬁ%ﬂﬂ?ﬂﬁc ar“ﬁ%.“‘iﬁgﬁ%%r, a
brom n : InRGH g dRNG : i i he nononer)
used i%st sé&%%%ﬁg?&%?&ﬂo?ﬁv%mé‘%}] I'S %témlé?lr%p?{géd{ﬂ?%edt%‘g{slggﬁeeﬁﬁ % oned above.
[ 0087] piHyergpdyothsl (nmith Yaetybate)( C) is preferably a photo initiator producing
free radicals by U/ light or visible light. Exanples of the photo ipitiator
i ncl quo%éﬁzi\{h?nélﬂ%@%l Cgmﬂq}lai CHBPH T 1H5Pﬂ%ﬁla BPRIFICNERLHIH SRPI her
benzoi Encpé BRYk h%gxﬁteglgc 5HAF Qingl é(ﬁﬁﬁ)‘lﬁﬁlﬂ] a &G rarfNkehERZRL MoRbRRYiokl her

benzophenones s enzophenone, _
N, N - t einyhoetpoubd 4nd thedii aoi highefanpivealoneylivboipbend sewdpasjicularylimited.

N, N -tetraethyl -4,4"'-di anj.nobenzophenone, .benzyl , ket al s .as_benzyl

o met PO REBIL vt HEABRIE O LSS R PP A oB) et Sirput e o By ) "
benzyl pdinel fivkiidiRl ¥yl AERERRAVRQNBS tSA¢Amaent of 100 parts by mass of the vinyl

2, 2-di met hoxy- 2- phenyl acet ophenone, p-tert-butyl di chl oroacet ophenone, and
p- di mettmbeundris arséaraii dnotee) patiabhiorrss, and atpre referably iGnetonypartsityxagshone and

582 %B@Qﬂ ﬁ?%il ta@o)é%%hg g}ggﬁﬁ%go.rr\?/d[?éy;:?/cl ohexyl phenyl ket one (| RGACURE

1- (4-i sopr opl b prdntirveRyieii,a¥ Yo Rmiteiz sHepiny @b trpbual) @rd{fARGCURIICHIL 6
manuf act ured by BASF Japan Co., Ltd.) and 2-hydroxy-2-nmethyl-1
- pheny PplyBjsarioninitigins 1y waocHReradicalsnplpeZaher hateaeonmealy wsd, Ltd.).

These : i I i M3 ke Ki of

[ 0038] aceb ol iz ABdficflor b GORRUGIGADA pd IR oA E PORIRET (G,
t her e payxiles or the like ate ppatechbbo mMSipeeificaiys ophnia prokidestand azorbaseil dalicl e di ner
W th 2-nercapto- benzoxaz&.l uco Violet, '

e, L Cryst al
tri s(4-1fHP%tPWr%4H°HE-f2QerF€ lﬁﬁlﬁﬁﬁz‘ﬁi‘}!aﬁﬁ%kg@?' or the like. Furthernore, there
may be used EQaIaﬁlg% Sfbﬂﬁ@ ot Affe pePkiddsShdtfcan HOBS ANRLNAANE RN Poxidl, bi, at i on

properties but eco a‘sensitizer systemexhibiting favorablfe photo
i ni ti aty-osis(peaReiioydRras ) disopbelbbyzeaoduiya perorymdodbcanoyte ofi-i-frepglubst ances
as nentioned above. For exanple, terti ar3{ lam' nes such as triethanol am ne

can bePerospdicabemsih bifes-Rpty hogexzigameangtie 1 I pbsemethyAbidyknegdecanppde.seal i ng

. . Sk CTOR; t
et P Ay RSEORES G ot UPORL B LREnPRR Pl DBt ©
or gani dispgeeihskgtelsyl peatydicadohate cdis(aitlyhakd pérgxdiarbobxianphey! ofodetmmoategani ¢

i de i | ude. i but yl i , , bi d .
E_Ei oxy PEICESRY B! Ii?_zﬁgﬁyg#%,qu%g{‘?%;ség%&vﬁ'gf’&“lé]z?(jﬁg’gg&y&%?&%élcafb0nate= t-butyl
. S-N- Q- . ; ,
g&a&yﬁ&%gﬁggb %&9&@%@@&@@, 15 MiRENEShdoR PABRAE; octanoyl

1,1, 3, etrane but'yl noat’e,

bi s( 4- petoutdel ayolybpexyidy pteaoost pemaideo hdi363-tetramethylbutyl

1- cycl ohexyl.- 1- net hyl et hyl d .

i <3S e PRy Y g S Bis P b o SRy Pisr by herapay Msans
t - hexyh_QeRAesANORESY ]y PBIRPXVARIHERAAX NN ROMAL L-ethylhexanoate,

bi s(3-met'hy1- 3- met hoxybut yl per oxy)di car bonat e, " t- but'yl per oxyneodecanoat e,
t - hexyHpeetbxippiangl parexidg, 1ulyl peroxythsthplbreanogtc pariokiodey berzhesydpds.oxi de,

| aur oyl per oxi de,. st ear qyl per oxi.d .

o oy Bt T PSR R DBy b B Rero R A TIPS g 5
2, 5-di mtm%iﬁxﬁp&bﬁ B8 Byl ohelaeang-bis(t-hexylperoxy)cyclohexane,

1- cycl ohexyl -1 -net hyl'eth Iperoxy-Z-ethyI exanoat e,

t- hexy|1ﬂeb@&;buwlmrw)ﬁe3«§ﬁm@@y cxcloperappble (i praylpsiodpicyclohexanone,

t - but yl per oxy- 2- et hyl hexanoate, mtol llbnoyl benzoyl peroxide, benzoyl
per oxi de, t-butyl peroxyi sobutyl ate, ‘

1, 1- bi s(t-butyl peroxy) 2- net hyl cycl ohexane,

1, 1- bi s(t-hexyl peroxy)-3,3,5-trimethyl cycl ohexane,



23 poly-3-ethoxypropyl acrylate, polyoxycarbonyl tetranethacryl ate,
pol ynet hyl acryl ate, polyisopropyl nethacryl ate, polydodecyl nethacryl ate,
poI yt et radecyl mnet hacryl ate, poly-n-propyl nethacryl ate,

y-3,3,5-trinethyl cycl ohexyl nmet hacryl ate Iyet hyl net hacryl ate,

poI y 2231 iR 201y Tapry sy ohersDproeRs S, étlebls(§1b95 PEraxye e atippgappyrhexy!

et hacpy 09 These thernoplastic
resi nsﬁnﬂgﬁgo r pﬁyﬁéér@éﬁ%é t%@?ﬁ%&#ﬁlgﬁag? th\L})tylor nore ki nds thereof or
used bpemxy-srﬁgs-trmthylhmneaﬂermhisyltﬂew)@hfurzas, needed. [0093] Furt hernore, as
resins_co rizable wth the above resins ur et hane
acryl ate; &g ﬁ&glzﬁel?lsg&bwvoﬂ%em aﬁ?@él‘?érb“é)ér%’foé‘yg %’lﬁgl ﬁ%oclaf BalGay al so be
used. Fﬁﬁ I é%bﬁf b gm x§T FBn&artRRRS1- H&gogé@&@ﬂﬁo@@ryl ate, epoxy acrylate,

and po r acryl are excel | ent. anpl es of the epoxy acrylate
i ncl uda S(drmteﬂl)ybéﬁylbw(bemytpeamjﬂlepe $1bcty1 a@mxﬁch‘at@nedr ol di gl ycidyl et her,

neopent,yl gl ycol i d aII t her,. r.esorci nol
G oF yepay e R sendhifednt, FhUST mardirult arbul bRl b go vAIERRE

di gl yCHﬂNBﬁ?FﬁémxﬁﬂJp Yy, @rrbﬁbﬁkﬂf&@irlpéyog Mﬁbﬂ%bﬁﬂﬁ&&en& arcrrﬁrywéramé opane
trigl yc;ﬁgill et’her ycerin trrgl ycidyl et pentaeryt hritol

t et r agPyedithpthel- Hérg(tmlsﬁpbﬂﬂl@*anﬁe&bléﬂl WY(HWI’QKWQNI -rloudsgropsl ymer s havi ng

a hydr gx it tive in
oy ovetps S BineRenlh: ZRrEEE LS e Bin BRR R B SemPiBsRE: Lot on
of t wohpdrop@bLidk syl asmeesthelgl perotitie i, Ny 3terpestaylbugl bfdrbpasedeesins i s
preferably 200C or |ower, and nore preferably 150C . or lower in terns of the

easi nesyngie hydeaneraxide. t'@ﬁ%lhﬁéﬁopﬁ@xmafr wylidreperqrde. ardi r onnent

t enper at S nit is 80C or |lower and processability, the
soften?’r?;&?‘gﬁ%}e?a?’tﬁbﬁen? E%It]%ove resins nmentioned above is particularly

pref er pigicy] 8ExdnopleLOiGhe pAOBEEd Yiinal mitidiersinghdesdzobisisebutprongriles@dBys t he
di spersi on medi resi r_str ctur of the resin conposition is
not paFfP‘é) I\%]md tjéﬁfu %Yﬁr{g\ma%mﬁ B@i“FtF‘S?r It &ril udes the above
spheri 6ab_pliRs Enﬁéthyllég}é‘ﬁgf‘d; 1trﬂe2 (ﬂre?deF}%ﬁ:' L) hndRGh g By Ry used

conponent s such as a Cl z a flane retardant, and a stabilizer.
The di €pengiabmdmedesy rﬁntd B Xi-agbbis(@et- M!ﬁdhséwg@mnm@lﬁ)/étraslﬁmm@y}é@phot ovoltaic

Cher motarE PRy Vit Psictenfel Ml meld o dhalSla RN GRS

parti gt nmlel WigHE thantiRWBNET by Weké PRRY ChaanibaThdusBi] Bdabhel resin, there is
menti oned a conposition prepared by nmxing a thernal ra ical initiator in

an et h9J2e1a@o’q1$(ﬁyneth%ft%ﬂ@l@@tﬂmwmwl@érwdqgegy: ¥s7mepHpelpreddyaVako

phot ov terr al. [0097] The wavel ength conversion-type
phot ng}l{ allign%:lg;% Incgggll’ng aterial of the present invention may be forned
by a wgskenghhnoanvefithé pdidabsolpmedoqpioaiihitiatr telyeused canbe aﬂimbprﬂﬁely
preferably, in addition tq that, further nclu es.a.li ht tr ssjve

| ayer 8tlefded ageaiding e theking Oéﬁrrp‘a%rltcpswov%fi, ere ractive m¢€§ qfithe frﬂaﬁ resin

trans ”hﬂér@l:l\é‘é B 19l gﬁ‘& tﬁ%@?ﬂc&l?@%’nﬁ‘eﬁ*ﬁz%&?fﬁﬂﬁér il QfdliA%A" oﬁﬁtr ofexanpl e,

t here € nentioné nsm ssi ve yer 1 n whi c spheri cal

phosphordinsy exc| tﬂlbeciﬁﬁatll;,rrfdrrmamplceﬂe mgrtital pohywerizathgn mesitor nopnipossed iron

layer. an amount of 0.01 to 2% by mass with respect to the amount of the vinyl compound, and is

preferably used in an amount of 0.1 to 1% by mass with respect thereto.

[0063] The refractive index of the transparent material in the present invention is not
particularly limited. From the aspect of suppressing light scattering, the refractive index of
the transparent material is preferably lower than the refractive index of the fluorescent
substance. More preferably, the refractive index thereof is lower than the refractive index of
the fluorescent substance and a ratio between the refractive index of the transparent material
and a refractive index of a sealing resin that will be described below is close to 1. In general,
the refractive index of the fluorescent substance is larger than 1.5 and the refractive index of a

sealing resin is approximately 1.4 to 1.5. Accordingly, the refractive index of the transparent
15



When t he wavel engt h conversi on-type photovoltaic cell sealing material of
the present invention is fornmed by a plurality of |ight transm ssive

| ayers, the refractive index(es) of a layer(s) is(are) preferably the sane
as or higher than that of at |east a |ayer on an incident side.

Speci f megirialis papferibhi bt & bS. of 1ight transnissive layers are set as |ayer

I, Iayﬁ([%é}l 4 addg}’or%ré {&&%l?l&%é’r Yfle iﬁ}i&{‘%iztﬂg pfriicg!phgg id g ibg 11 ght

i nci de € an rac e'1ndices o ecti've Tayers~are
sequenthatbf the sedlingSedird sertidg as ad{spersion, madidmrat the, extiteion vaveleaghbifyhe nl

n2Zn(mi) nm [0Q98] The f ti i nd fot | th on-t
phot PVBI)”f’@ﬁ@ngwsta]@%aqdrlragﬁ%@gm It tsreor Ruop B R BRSOt O Ger o YPe
gargt ! Cﬂh@l&é%’en{ édﬂs{a\i}geénqg:t]higﬁﬁfﬁ{r%hl atioreffRiedcyl offieht MPIR REBIRHADI Y 1.5 to

I n additrion, e wavel ength conversion-type photovoltaic cel
seal i ngraretegth angefis futhepimgseved. i nvention is forned by a plurality of |ight

transm ssive ers, preferably, the refractive index of the entire
mavelgh&F%YCQ%%%?isﬁﬁgF@%é photovol taic cell sealing material is within the
above range. pl Q099 (R gftRFidhl phosgHIE oIVRY PhQBATIAVEGBBN REcHIRE a k¥l Phot ovol t ai ¢
cell sealing material of the present invention is disposed on a |ight

recei vieayesgerftagaharfwitthibe Snotessenk sulistance| | Incliidiog dknradichlescayanget al can

conformto an uneven shape,of the |ight receiving surf .ncl ydi ng the
Fext ur SISETAE B BeienePonp e s APES It e Bty Bk

From t GghcaisRgsHossHor, 8Bl kGe EAShSRGincds SfiRFiasll phospHae havdie heffigicht

conver si on-tége photovoltaic cell sealing material of the present invention

has a whedenghsgpeversionicapebititiog.of decardipelyhhis expetiebthakhalpdoypdigiotslla | i ght

transm_ssi ye | Lhel udikn ' . g -aLi-ght: transm ssive

| ayer TGP o DG E S s PR BpeoBcichs wifkicht 21

VWavel esffidienco anetimk enblippriee tlevnicitqisendtatidn Gheakncyy Mabdditiad, by A

met hod_for_ producing the wavel engf h, conversi on-type photqvoltajc cell
it ! hed

seal i niichting thgradisal penyepgeadi e sPRCiL PRATPRGTe g dbisrepagnt sugstagee sy dyy
prepar hngbag SR rfﬁﬁ&LcapéﬁﬁgH@r.r , Tﬁ@in&eﬁs‘é?%@ﬁné@%f@ R0 fol d flRofeSSht
I'ch the sp 0 h

conpositiron 1n rical phosphor and e radi cal scavenger are
m xed eubsthingp éras exh benineluderhinitheysphesical phasphot.3) a process of forming the

resin sition.into a sheet shape.to produce a light . tr.ansm ssive resin
compos B T BicabHev AR Bl R SPA A0 R oG PREF s S B 28 O g 01] -
Spheri el sfhOR RN SupbFRP el RRELrBFAADT the fluoresceriisubdighcsldeRvad fromeRar i ng the
spheri cal phosphor, the spherical phosphor may be prepared by purchasing or

pr oduc iratecal dningtot 4rel anbjoteededeflimyescent substancgmontainiag pphericaltphosphep cagf be
preparinpg.the her,i cal phosphor preferaply i : obtaining a
spheri 8&%“%033&‘6‘? t )r/e sy g‘?%‘ﬁ"g‘% a)}‘ﬁéarél?cz%ts %a&%ﬁ%ﬂ%@cl@?%éﬁlﬂg%ﬁ%ound

CONMPOS biri@bdssd Ydlicahsaavédgen aafadnéd shepsl Baied rddrabi@radey,a a eur opi um
conplex) is dissolved or dispersed. [0102] -Resin Conposition Preparing

Pr oc es $hosphorous-bagedirpdicaseaisageiorr Hyubiyabased radieal seaieREonposi ti on by m xi ng
or dis kN rheal ) . ] venger in a sealing
resin, ?@6?3%%@%2@@&3#Eﬁﬁiﬁ%e?%%gﬁggésegggﬁﬁ%]ﬁﬁ]\%ﬁ%&géﬁ}ﬁ Imtation. Mxing
and knegaf?,66-peayanizehyipipéddinpdndifiacayne) D216, 6ceatranetiyl g peridinglimetbacrylhte, | i ke

fg;h nF %?st(Z,5,%?6-1?6%231[3&3%1-pE)phe%%anrég)srech%te?gip];grrmngr%f g{-rr?é%}?;liggcili‘lar%e Elrtlc? sealing
4-hydroxy-2,2,6,6,-tetramethyl-1-piperidineethanol,
N,N’,N” N -tetrakis-(4,6-bis-(butyl-(N-methyl-2,2,6,6-tetramethylpiperidine-4-yl}
amino)-triazine-2-yl)-4,7-diazadecane-1,10-diamine, decanedioic acid
bis(2,2,6,6-tetramethyl-1-(octyloxy)-4-piperidinyl)ester,
bis(1,2,2,6,6-pentamethyl-4-piperidinyl)
[[3,5-bis(1,1-dimethylethyl)-4-hydroxyphenyljmethyl]butylmalonate, a reaction product
between a reaction product of cyclohexane and a peroxide
N-butyl-2,2,6,6-tetramethyl-4-piperidineamine-2,4,6-trichloro-1,3,5-triazine and
2-aminoethanol (for example, TINUVIN 152 manufactured by BASF Japan Ltd.),

16



[0103] -Sheet Form ng Process- As the nmethod for formng the resin
conposition into a sheet shape to produce the light transm ssive resin
conposition |ayer, a conmonly used nethod can be used wi t hout any
limtation. When using a thernosetting resin as the sealing resin, for
exanpl BI,S(1t=%8=5@%13ﬁ36%m%tﬁ)51n4'8%“6@3’9%ﬁbﬁﬁgevi nto a sheet in a half-cured state

usi ng (t I-€ Ani I osition |layer has a thickness of
prefergﬁp&q%ﬁ%’@63%%%eéhyé#dpl§§s%ﬂ%?h1&8§gﬁgss, and nore preferably 10 itm
or nor etakd(1800,6)6 pervaméthgis-p{pediGidt )- KPI3ot-bwiahdtetrazatekylatddul e> The
present invention al nconpasses .a photovoltai c cell nodule including the
above- L@ééi’l EW&G@J‘BﬁS{We%BrP%‘@Tb&F%}? alBY0es IP%\II“ee cell sealing

mat eri ale.,ui19-RIeLRYHhA §-tHRt1-4TREHLLyHendINS 6RI AIRBH-4-AHAPheRIL, | ncl udes a
photovoltai'c cell and the wavel ength conversion-typeé photovoltaic cell

seal i n@d, 2raathyleate-tis@posthyl-on batylphghel),re€ ethiabirg3smethak e-t-bhtyiptenphot ovol t ai ¢

cell. erepy., electricity nerati efficiency is inproved. The

wavel e%@tﬁugﬁﬂ%@?@rf?? }Slé@g'ﬁBftyi}g’SP@gi c cell sealing material of the

present 1 N¥RM-hRthyl-3.-hyliesxyexasybhehdifshtas, one of light transm ssive |ayers
no

in a photovoltaic cell ule having a plurality of light transm ssive
| ayer s | 3nutrangtht bé.6ttris(B S-diet-butylFbhpdpxyhenergbepransestd | nvention, the

et BrpBbn SR Eod T st AR B BRI RERERG2 L Srgrn © =

conver §0089} tEmnﬂaB@bme ph&@iphote bhscsiaadlicsig e gt intlndatriphedd phbiphite, cel |, a
back film a cell electrode, and a tab |line. Anong these nenbers, as the

li ght dirherylispdead phaspbite benyiglispdasy] phosplits ssi on properties, there are

ment i opgd et | ' f i egcd s e
wavel ongt heBBdG G RE TXRRAM, fdikec RS E) i RopBh RS 12
pr esenbis(rwelphtoy)phasphi teixesidlit@epeentameactearay] Bis(diaypeylpladnyt)hkosphie,ovol t ai ¢ cel |,
and the |jke. [0106]t I _tPe prﬁse t_ inyention, a |lamnation order of the
li ght FYREFARSETapRTY raylgﬁné RBRPPENE RO YSHACOPGIAIE s ual |y,
sequentd ihbfnﬁ?]@ﬁgfpﬁbsbh@“ recei ving surface of the photovoltaic cell
e refle t) 0

nodul e, t n préventing filmformed if needed, the protection

gl ass, 1942 Swhlvelrexghbnyd phidOsient A-yimsphinhevantiend-¢0-oxlde, dsatléayy mat eri al  of
t he present inyention,.and he S Nx:H |ayer d the Si layer of the

phot ovB?’ﬁﬁ‘?"ghﬁ%ﬁI%“fg’roép}f‘%n?‘?étpégfj"I[}%E[g'%f%ﬁ%lﬁ’?’g?p 'S t he wavel engt h

conver a0} tRsRepRRQIFINOIl Bi-BasedlrhdisA abiRegdrah@hddilRibyl 3R -tRlo@§R6ionate,
invention, to introduce external |ight entering from everY angle into the
phot ov distearyd 38tthiodipropdonsie, IN-cyglehexylthip|pathalimides epdN-1-baylbepraseer abl y, the
refracg&lyo%[ajnrilgeex of the wavel ength conversion-type photovoltaic cell
sealing material is higher than the refractive indices of the |ight

t r ans i1y eAhfng il shovpas@tionddadical @atdigels) Ghbhirdetdddatihe-bhstd ridieal i s the

wavel engt h conversi on-type photovoltaic, cell sealing nmaterial, nanely the
r ef | ecPFASRGSTRUERIGTRIGLI Uskd b the SSRSFIRLSUPPISTSIRg 1he SOLOHRY Of BiRraneies!t he

ref ra?HaYe?iaL%ﬂHﬁﬁﬁe ﬁffeférgﬁ. ,Q{iﬂ(}ﬂatre& e 0as r\éﬁiclalaﬁ\é%e?l ﬁx‘s%ﬁ% d on a side
opposite to 'the |1 ght i'hcldent sl de of the wave engfg conveérsi on-type
phot ov @htthjacrdeyllgragedre meedma Byrhaxing aameh eyl Sidvp ittHeayelecylabSthecal | ed
"cell reflection E)reventin ilm') and Si Ifa er or the |like of .the

phot ovBIHER SCRERer o) BERRIeBIRRYS AayiOger S iaing HhsH TS pARE LT A ay er 5

di sposgfl \GhiefekalelgbRe Fj)lgﬁferi.kétpﬂ.og@tﬂér SheRbl maﬂi%altshﬁvd‘{?élﬁls aRgtfdrated
conversion-type photovoltaic cell seaf’_l ng naterial, nanely, the reflection
pr evenirtogheftrdngpaxent mdierighs o bathw thegiadiss], scavemger iairemabidigediintbe| ect i on

preventing filmwith a refracti.ve i.pdex,.of 1.25 to,1l. 45..and ot,ection

Ol aes. tiptibaten Bpidial o) b Bitaliaips ob fiEH ey shutRetmbs imulty g et

t r ansmyp e Hadit A4 vensiroRosele @AndpAfent hd&riapposi te to the |ight incident
side of the wavel ength conversion-type photovoltaic cell sealing material,
nanel y [@78] SilTkiseriadiggleeaveagdrs magfheased danperaparfomidnation of temer mRe Si | ayer
or the,like of ft he photovoltaic cell, respectively, have usually refractive
i ndi Cegm(gl]s "Pto0 2.1 and 3.3 to 3.4, respectively. Accordingly, the

refractive i ndgMidn, tHegaderetenrgié (9 otne) Giednn biy pRopMAfexRht haCdde hbt
seal i n% material of the present iInvention is preferably 1.5 to 2.1, and

nor e peistuh dis grogress efgadica) polyon@izpti@y sq dphgysrhseca phombaesabiaesd agher i cal
hosphaqr i , : i on- Lt A . seal i
Pt ori dpedifo pEriRECHaRRc-AOBeBE SR AL APl Bl eIk Ble 1BEE L1091 e

photovol taic cell nodule is inproved.1The spherical phosphor suppresses the
scattering of |ight and perforns wavel ength conversion into |ight of a
wavel ength range that can contribute to electricity generation, and the
converted light contributes to electricity generation in the photovoltaic



can be obtained a photovoltaic cell nodule having high electricity
generation efficiency. The europium conpl ex converts light of UV region to
light of red wavel ength region with high wavel ength conversion efficiency,
and the converted light contributes to eleciricjty generation_in. the

phot ov8pecaficallydior exqmpie.ghe wdicahsavenser(®r Bayes mgusrdibybrnaé oL odul e>
A neth . I V@l ai :

vent 1o e R B o fe RR e AREE A0 e
phot ovof §.4ite 2%y masatbittngspest thetedd. and a process of di sposing the

wavel e h. conver sion-type photovol taic cell sealing material on the |ight
yeceivﬂﬂ§3gu?yﬁﬁﬁag?a%”éTm?£gp$ﬁﬁ SPRATE cell, and if needed, the nethod
i ncl udes anya@h ReSind @F pRA(ERY the[sfgﬂlérldal phodBKS! iaRGHRerfRNMRAPS Walle TY Pe
Photovol taic cell Sealing Material Preparing Process At the process

of pr epwhiding thi@uoresesine sustancoandaisn, dincegek aphdicad vervengar, iodhd trarsparenig

mat eri al IQ wavel engt h, conver.sion-type,phot avgl tai ¢ celldse | ing materi al
may. be BiBATE R PR S Bt and e el R Er cve dRI Bed ot hod
for pradp&tatintthemoamatenigdus® By sepird AcbiPBsiBR LV Ok lotykalhtiseal | ng

material. [0112] - Wavel ength anversiqn-ﬁége Phot ovol taic cell Sealing
Mat er i eamubrioppelygriprtiones suspension pelymetzaiicsh ebthe spapesitipwisineriewngsbsi ti on

el udi - i N, B | h
conver oY ShsaBiiceF Bo BASRAN S pRepaldd”  SoEE Gk, Y ERLRRR, o BtEET O7F 01
r ecei vphdusiuridladiag sifiieraatent Bebspinot avdi VialyCeagpdunt Stopethetuioieh argiival ovol tai ¢

cell rnodule. Specificallg, althpuah it is the sane as an ordinary
met hodsqayengst Hdwgedadyisprepayed and then eraplsifich or dispemsed B acpdiumdipbeas aphe

wavel e er Si : j i t afdal
pr esenteuEARNERS s B, RIRGY BdidloraRuindi 6Bk sRAEE. Mo falisehite, e
i nst eadsing a aalicul dolyatreyizaeml inngtorpthe vingl cahpaind ifddddd]in @enemdbiby prdadact he

silicon crystal .photqvoltaic cell dul.e, first, on a cover glass as the
i ght - PEBEFUPREERProdbd it BBt e R ke SRS OB SR YRS H er 1 al (i n st
cases, petﬂgm%hzatﬁ)n&mrl]@mﬁgdfo%effeﬁﬁam AR sﬁh&ydaﬁﬂ%syh&ﬂs salqe@icalt@sisaOpoLy mer

into a thernosett product using a heat radical initiator). In the
pr esenpartiples mclwlimg ths uhesgwabibsgneat eri al used herein, the wavel ength

conversi on-typ hot gvoltaic cell.sealing material of the present . inyention
P e Nexdi e Biect ek B snSroBeR HAR et PO Hherkial M EioRER b bt

addi t i gNadsk ¥ne Bi- SNBRheShiapRshabGial] dinpgbahe hicdlsed bitheRenydee@pHind, Rvent i on,

t he wavel engt h conversi on-type photovoltaic cell sealing nmaterial of the

i nvent mete praferady. gt dstome mmofyngHenal dmeihydcnyicsagid deragygendatdenst ongdd- on t he
back syr{. . i i furthernore, a
back sﬁ%%gﬁsﬁgﬁﬁgﬁﬁ{@%ﬁgﬁgyggﬁ¥8$hgﬁgﬂéagn 393§F§Rﬁﬁﬁﬁgﬁm§@%%g a vacuum

pr esi ufeH 74 aninnthé gfesa)t(tﬂlxmﬁmglﬁ;onuﬂechsf)m off)éie&tciviujr paiccativalcfficimdy) es. [ 0114]
In that case, a heat plate tenperature of the |lamnator is at a tenperature
| evel PEEEaRl%AMpxdug prostict elugiagia ipressamalFma A By comwaundist ¢ od.

encl os Y PhRlfedidmfiRSdveiif d siiehsibhat
such p ?%?%g%ﬁ%E%ﬁé@%gg%%ﬁg%g%§§g1Gc aﬁbe?hgccur %éuafﬁ& at 1§0£%om1800,
and noptddyctafollbded by pdBOErization (suspension polymerization) of the vinyl compound

included in the suspension product using, for example, a radical polymerization initiator,
thereby forming the spherical phosphor as spherical resin particles including the fluorescent
substance.
[0075] From the aspect of improving light utilization efficiency, the spherical phosphor of
the present invention has a mean particle diameter of, preferably 1 um to 600 pm, more
preferably 5 um to 300 um, and still more preferably 10 pm to 250 pm.

The mean particle diameter of the spherical phosphor is measured using a laser
diffraction method. When a weight-cumulative particle size distribution curve is drawn from
a smaller particle diameter side, the mean particle diameter of the spherical phosphor

corresponds to a particle size in which cumulative weight is 50%. The particle size
18



[ 0115] The wavel ength conversi on-type photovoltaic cell sealing material of
the present invention refers to that in a state before being used in the
sol ar nmodul e, and specifically refers to that in a half-cured state when
using a curing resin. There is nq . significant difference in refractive

i ndex B’étfvbélélﬁnm’?és%m%ﬂté‘ﬁ@gﬁ1@%93%%‘%&@-1{1?@%‘}%&% OFEPEUTRS P[*‘é%fal i ng

mat er i glgel Ny i i GLieAdt &1 3390 yehakefnddne

phot ngif{rgdlhéﬁ{ég @?&é’ﬁﬁﬁ’?ﬁ%@%@g 1a %I{e?a?ﬂ\t%gqéng cure(;g?a ter at hé formation
of a sBkdmamCalle),.Inc.). The shape of the wavel ength conversion-type

phot ovpl t ai c | 1. sealing material of the present invention is not

parti cﬁ?oégj y<ﬁ’|%ﬁ’?l?%€cﬁﬁ erE}P’é%ré’P%gb?}OV%ltaé%gﬁlfg%aR’é]ﬁ attfialeer iy of easi ness
of sol ar nodey N adibal L@RersdddldB plhtevsliaaclNsuaes: RhteAARFIRS HreRat €Nt
Application No. 2010-090351, Japanese Patent Application No. 2010-229914,
and Japanete iPasaids ofppl  dight ttansiidssivedayer 084 eBRtoveleni¢ erllompdrlated herei n by
reference in their entirety.. . . Al docunents atent .a ications, and
techn: et arlas hu Rl Bhbissivh kRS ER S sbrPre Sev SRR s Eor at ed
her ei ne4pabNRES eNEetretif chMPoSBOE]9¥ iBBludeSat iléasﬂﬁfémﬂtmgﬁhbﬂmbm%ﬁma,
patent application, or technical standard were _sge_m fically an

i ndi vi duasst gné sedlingresin (peefrablyne brpprEnettabyg A iydech thesghoricsls] [0117)
Her ei naf t + he LNV i will be described in nore detail with
refer eﬁ%(’es%[“%“%gbsﬁgr%%d:{%q{z}l %%‘éﬁgﬁés ie invention is not limted thereto.

Unl ess ot her By shsP@einkiredh cofosiitth Iaparifdidiag thelphaitaDphoypher. in [kl 18]
(Exanple 1) <Synthesis of Fluorescent substance> In 7 m_.of ethanol
was di ¥@u¢icrgih ooy erienotypg photevelidi pelbyealing materiah yheo ysesl as g ok elne (TTA) ,

and in 1 ] f \; \V i }

t oget hlg%.lgnp%lgé l)r{#'&(gz)?‘1 %ﬁ%ﬁg‘ﬁ%\?\%&sﬂ%}" E’s?alsuc]) &%%ﬁ%ﬁ%ﬂlr%éﬂgfﬂ e%ﬁ(%ﬂcgﬁ)gtrt\%n%%ﬁ ne,
and t htan d ixippoeduad tledelgdeltaritihegpremvion efficidncy wae bs sthblyiimprovafit er stirring
t he so ion_for 1 hour,.a 3.5 ueous sql ution, contaj.ning 103 ng of

e 3 D " FhSScatiraie b isatne Gt piati EoveRag RGBT e TLGe

filter gtheriBASRBELNA bl Bk RERQkive S LPAR sHhlifpdedin, OBp&ifafly! b AHRS TR

subst ance Eu(TTA)3Phen. [0119] <Production of Spherical PhoSphor>

Armount scagteriog 0Blight df thetrati¢ betorers themefrantive inddes of the(spiij@bpleaspbistaad it above,

it atre et OERgR Rt ot Y e BEET R R S b <o
stir agghefic phogHoh & smi3l 44 tBOsdalteri RSO ight &l @@n@ialan Patticulalyl @héd thel nto a

separabl e flask equi pped with a cooling tube were added 500 g of dei onized
wat er aregent igyvestionisiapplied/ o aavestmesthicayssiondgypohighidragsmissivaiayanef 2 o stir
the m [ i T ' / ] %t iQIEH]E' f t hyl

met hac?é‘#{g?%l%\%a%ﬁlarg%uée’{b gef?{?gwm&;% ? E%%&lsgl?u e?g%tmt %’ a;'\%f ?vre?a %g%nglﬁ%ﬁgor 20
secondsensivitg taphaicadaiy ¢, nahiwdy reswhidergtiseigitn dfd00as 1 DEatads ¢loseddC whi | e

stirring at 350 rpmto allgw it to react for 3 hours. In the obtained
suspe nsﬂo n,Opeother agg, igleatlygpyse fstetal é%ﬂeﬁ‘g?fh@{ ligght Qﬁ%e@éﬁp?%r LS13320

to obtgi . L r i ] Tl il.t er ed,
B
phos phar préfetaplshigharibarothe pefractiee irxlax odthe spdin@0dsif hea olstlainnadths phatationl

phosphor A waﬁ observed through a m croscope or a scanning el ectron
m cr os®@PEENERIANEE- was confirmed that the obtai ned spherical phosphor A was

spheri ¢@78] From thelaBoRd8lstiiBdY relGi8ah&Htd) Gorl XEmPIOBY 6kin® RleBidpREN BYmpBleki N
met hyl "nethacrylate form ng the spherical phosphor A using the heat radical
i ni ti a(eferably, EatEm xPlene BugiMPPyRberaor Bo@MBB8OE e anthgiluopasteral pat h
LEP g;[ E é@fsta]ﬁc&nﬂo ytr?etﬁﬁ ln?e%ﬂxa%&ﬁgte%rs] %eatrgn%gaqglg ntlattt%‘ri]éi ?a gglsegrr(x);{%r?z{l o?ﬂPnree Vas

spherical body), and an ethylene-vinyl acetate copolymer (EVA) as the sealing resin, there can

be provided a particularly favorable mutual relationship between the refractive indices, from

the aspect of excitation wavelength and light emission wavelength, and also from the aspect

of sensitivity to photovoltaic cells.

However, in the present invention, preferably, the fluorescent substance, the
transparent material, and the sealing resin are appropriately selected such that the mutual
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[0121] <Preparation of Resin Conposition for Wavel ength Conversion-Type
Phot ovoltaic cell Sealing Material > , A m xture product containing 100
g of ULTRASEN 634: an ethylene-vinyl acetate resin nanufactured by Tosoh

Corporation as.a transparent sealing .resin i spersio diumresin), 1.5 g
of LUP'E‘II@/QHQIBHPGW%%FW%C%W%E‘Q&%H lc?srﬁft(tﬁ%{’f‘ 6*1"“%5?18‘?%@9%‘ "chB@edAr kema
Yoshi t QM 4:+: 4 : AT j Ny tured by
Tor ay &ch\ilﬂtdg‘%dﬂglog%&h%tp gése%ﬁg&%o%gs gdté%ﬂt%ﬁgggéyh%b??%g‘%ﬁgﬁgsphotrn%:v'vas m xed
and knpedef Ayprefemablelamuiuxes! thelppletiea phospoo @lded i tcawvavelengthstomvertingosi ti on

for wave| engt h conyersjonp-type,.photovoltaic cell seali terial . [0122
<Pr odUEFIGIMPOSRD ysh%’&ﬂ'd@%ﬁw?&aaﬁ% SOPHETI R HITE APET el e & F%ﬂh@é ]
Mat er i @yl PEittRe present invRRRER:S (008! Y 1890by0hadshe nf-85 EdhcERPRRS WitORsicRf

wavel ength conversion-type photovoltaic cell sealing nmaterial obtained
above twastotdnumimtdd rop-wlatde eergents hB8tenttlee dreound ofithg sphericabphyispkar shape

using a,stai teel spacer .w th .a.thickness. of 0.6 1d_a press wth
1 host Sisfa Ml e Bidiass SHREr. pil Do b CRESRisnttsoa T AR uh ol

conver fHeQftduMPBeRBPIsA0V brinase@ IbsssQattéme: aahenédllighed nfork effe@ikliyve i ndex

of 1.5. [0123] <Production of Photovoltaic cell Sealing Muterial Sheet for
Back Skupwsessed, therebyfurthes impeying slemriety generafian sHiICH conver si on-type

phot ov i C A ing material sheet above, instead of the resin
corrposﬂoltggL @%fgm\kl%%%%@ngt h conversi on-type photovoltaic cell sealing

mat eri al , usTRgwavdl@gtNcaRBRNSirédio Borppeiddydrin tegpreaaeinvedtivaringdsdabove
except for_ including no spherical phgosphor, a photovaoltaic cell sealing

mat er | APCaking &eSiF GriranspareniSeRlinggssipk o KielerblsxeRples siiheEanspcniscamgy o
[0124]  <Pr i O ? n I QN § b ALSGicGEdihs Modul e>
On & 1S e I B R g e A BN Ve

i ndex: 1.5) s msinrcohesitionallyghsas as apbotoveltdiecet thansparost sealgtgmaterial 1s, as
conversi on-type photovoltaic cell sealing.mgterial et, .and thereon were
ount et HPaPP EAERIn it o S P AT e ERA) Goko BREAPBHEL | ve
force %ﬁ%éx%ﬁeﬂih@ﬁﬁ) e WHiBDisSHAEIR LSS OTHAVAS eF, hd Sredch€ it eARMMAGE! Y-
Additionally, the p oPovoI taic cell Sealing material” sheet for back side
and a PmEited itHemet¢t r ade name. A-4300 manufactured by Toyobo Co., Ltd.) as a

back f| nmount ed, and then, .l am nation was,. done.usin yacuum

o naldF1} o WheBaEs & PriRGwrBRGrsin DA OBPR R ST R O R Brl BB rocu e,
Addi t i gndhb Yosi)df teresii @bRpediticn for GRMEISnEE En Goh-Ofp¥afotbveRait celef | ecti on
preventing filmwith a refractive index of 1.9. [0125] <Eval uation of

Phot ovéfaliag emagesial. agrsin sevawiesnd aghotocuring megiod ¢f thegihmozncurabla fesin gre not
WKS- 155S- 145 : - . :
et e Bagpd fiida® Ebr ARG 4 bEAoPASAMIRERL £ bioGhaicdt hiidol® 0,

t he cetlegedietompositaifoe vaedkngtl camerdosthipe tphoiovolinit caliseating naemial ty Jse in
the state thereof .after nodul i

I , tively, db
|-V cuipides: s afdififmplorhe corgs e _%&%Hfr Ripciirela eS8 egeiinking )
el ectr hfbn&'ﬁ%ﬁ@&c 5@)04 &i%%@sisﬁ eaﬁﬁl@fasaghaﬁdihg%;go%iﬂm& 588 fike ARAuSNg

di fference bet ween t hem was obt ai ne r evaluation. As a result,
t he AJfree walscals B1lcht/ cn?. Table 1 and FIG 4 show the neasurenent results.

R T NE N R R TR A S
g:oﬁg : Ir Eﬁﬁ%ﬂ%ﬁ%ﬁ@?& 2y f 1dig bEREMabiRIie a6h aRABA hiklyPestiranBt e wit afddigr
vinyl monomer copolymerizable with them as a constituent monomer. These copolymers
may be used alone or in a combination of two or more kinds. Examples of alkyl ester of
acrylic acid or alkyl ester of methacrylic acid include unsubstituted alkyl esters of acrylic acid
or unsubstituted alkyl esters of methacrylic acid, such as methyl acrylate, methyl methacrylate,
ethyl acrylate, ethyl methacrylate, butyl acrylate, butyl methacrylate, 2-ethylhexyl acrylate,
and 2-ethylhexyl methacrylate, as well as substituted alkyl esters of acrylic acid and
substituted alkyl esters of methacrylic acid in which an alkyl group thereof is substituted with

a hydroxyl group, an epoxy group, a halogen group, or the like.
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[0126] <Eval uation of Hi gh Tenperature/H gh Hum dity Resi stance of Light
Em ssi on> In the same nmethod as in the above <Production of
Wavel engt h Conversi on- Type Photovoltaic cell Mdul e> using a sheet of bl ue

glass of 5, cmx10.cmx 1 nmas the protection glass,, thereon w?\s nount ed
t he wal188hgtmaddéinye pxamames qfﬁéowﬁbmvbmpa@r&ercfépplyg@m%Wﬂ%ﬁ@éﬂi I§[acigiet .
Then, ﬁ%oﬂfa,cl%@t&gg{d', \L}\gélk | &Rl o%hérglié LLads A ﬁﬁérﬁqgetwg(g%ﬁ&’fn%ﬂlde by

Toyobo unt ed t hereon’ an m nation was e using a
vac uumatrighiniidt, acrylanifride, disaetoas terplandde, styrene, andighylgomehandihesd/vinghp: SLUV- 4

manuf act ured by On rporation, the test piece Jdrradiated with
| i ght &QHQWIWXA% Wﬁgé@@qﬁbc%?@ggmféwo%&é’ﬁ%e %?i?%‘}flilﬁfbht. eni ssi on.
In add'vs):ei@@-’avéﬁge @s&kulegﬁte%hw@ﬁhp LiRE&Sioh Btk RRE] ALHE SorApshaAbA st Y

testing chanber ™ adj uste 85C and 85% RH, and after an appropriate time
i nt er vateferhbly 191086 ¢m 300,000 fbmehe aspett ofdtdml dogtabiligyrirsbiiloncoming shyergtled in t he

hour s. ToEH e ERBRENAT e SiHTEAe phRorbHdEy T oo ol weDy || %"
Eval uatd,efsn Qfpo‘iglaﬁ&olﬁs{'@l/ithloeﬁ-uhgdm%featcafb%&pﬁcg&i@{gmzlsihé%( yaayIsh g’@olOf li ght

Q
em ssion were cohducted 1 n'the sanme procedures and net hods™ as ose
descr i dErhedhavrglaexbeyhg £ hal4 ethelenogteps), cimethgokphmne diinephagplaty A was

h d.to O i nst. f 0.25.9 j P tion.of Resin Co iti f
Vvl oIS TRSR SR SRS Bt ST eBRe ey PHNBRaY M= Of Exanpl
1. As %irﬁ@tﬁﬁfo‘lproﬁﬁ% pﬁﬂ)%%{ﬁgﬁlg&g{fb%ﬁaf&qe%et}ﬁﬂﬂﬁnkﬂhgﬁﬁ trieme®dceflae@s confirmed

until 2500 hours. Table 4 show reSults of the neasurenent and
resul t setinethdolotsthane tetiatmethjaon28¢, robaapilenclycol di(metlggerylatet (having dfto AJsc

and high tenperaturelhigh hum di resi stance, of. | ight ,em,ssion were
conduc g & é’“fﬂglll)etnﬁ e%r%@ﬁﬂié I&#gggﬁ}rﬂgf lieﬁaa?ﬁ‘&ﬁﬁ%c& g, dip ﬁlgg%y%‘g?g ri bed above
except h&f@ineﬂg&rﬁ%m hebl A RelysRixekyled diphahpbsilaté bigphesdlanged to 3g
i nstead of 0.25 in <Preparation of Resin Conposition for Wavel ength

Conver diaxyethylsac &Gmpﬁmﬂrxlaﬁecbiémmolsé soxygthwiene dilaeth)esrylatead bisphenlA 5

result,, the o 0,607 o I . SSI 0 fl unti |
2500, hiep ety REns Bluplu R, G pe SO ohlBRUHTThE RS MR (U1 |
of the aBsefIUAcidPR.a §19didP erbinxas4iging)compound (skvtRbsiaidctigolpfopadsc and hi gh
tenperature/ high humdity resistance of |ight em ssion were conducted in
the saftelpeidrleaiinr sdacavigtenad hispbensd A diglyeidybether dizcaylatssv8d axgtbBte t hat t he
conten i.cal | 0. 25 in
Zpr epal BERM GRS R8T ORI EEAINE Sl e AL 2 ERD AR 25 0
Phot ov @inti)aerdid deidSesadrj and dvea@iongiraduet ofixanphydhckamdthydene elfisddyandthe AJsc was

0,478, e S0 Lol ST ESh 00, A onll LIES LY, 2500 hour Tabl e 1
[sg]r;golréﬁ(?es? @E%ﬁ%&@r@%ﬁ@ﬁ%le@i‘oéﬁinﬁﬁg HonbRlers{BYSRRA s R EtHAPEBsMNaRnN t he
density and reactivity are easily controllable, there are mentioned trimethylolpropane
tri{meth)acrylate, dipentaerythritol tetra(meth)acrylate, dipentaerythritol hexa(meth)acrylate,
and bisphenol A polyoxyethylene di{meth)acrylate. The above compounds may be used
alone or in combination of two or more kinds thereof.
[0086] As will be described below, particularly, to increase the refractive index of the
wavelength conversion-type photovoltaic cell sealing material or of an underlayer thereof (a
side facing photovoltaic cells), it is advantageous to include a bromine or sulfur atom in the
photocurable resin (A) and/or the crosslinking monomer (B). Examples of a
bromine-including monomer includes NEW FRONTIER BR-31, NEW FRONTIER BR-30,
and NEW FRONTIER BR-42M manufactured by Daiichi Kogyo Seiyaku Industry Co., Ltd.
Examples of a sulfur-including monomer composition include IU-L2000, TU-L3000, and
TU-MS1010 manufactured by Mitsubishi Gas Chemical Company, Inc. However, a bromine

or sulfur atom-including monomer (a polymer including the monomer) used in the present
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except that the amount of the fluorescent substance Eu (TTA) 3Phen added was
changed to 0.1 g instead of 0.05 g in <Production of Spherical Phosphor> of
Exanple 1. In the suspension, particle dianeters were nmeasured using
Beckman Coul ter 1513320 to obtajn vol une average di aneter of 115 pm

The pr Siephiomis@ohaaied fq Pwe%ﬁ@abwqh dei oni zed water, and dried at 60C

to obt @ ' " | Il fZat ] ]
Fual vat L o bR B Rl SRl R Blls S 11 g
en ssi dghtwenasiblodightt dtkaimpldshd tizgriwtpinitcéchined sdabahzomtdimdssumb as has®in

descri be bqve,except .t 0, 25 g of the spheri.cal, phosphor obt.ai ned
Choce By TRME RRGrR nl Sher bef et et BRgrsif BepB ShO et bR oo ¢ i on
for VayglRneiht:, GemephsicaBs Sithas BEopMGohal ¢ cel | Sealing Material > of
Example 1. As a result, the Alsc was 0.396 mA/cn2, and |ight em ssion was

conf i r ey’ -tattaiietipb@0 Moamivwobepabplentne(cldeetoneghod resul ts of the
I,t s.of, th b ti . 0132 Ex |
e SR SR SRR AP R RS o1 11

en ssi OIRMRCEREGH UasRAadied Bﬁ BISETphPCOdMiE ParibniRt @Bl Iaslt hose
descri bed above except that the content of the spherical phosphor B was

changeé@caiephgneney spefsasehrdinetbops2-phenylageiapbenadei on of Resin Conposition for
Wavel A | OnN= -t aj i Lal > Ex |
g RS LS 0y S ALy S
until 2z300intedylthioxiathbe: dndaldldEisopbpshmoxsbatet sr of the nmeasurenment and

results of the observation. [0133 Exa lg@@?,f) Eval uations of AJsc
and hi bhdméwémwlﬁhwawqmrﬂl%@fx@%&ig@ aggpref by AT Tpap 69--Jdd-&
conducted:i PRS R ERLH

except lfqﬁal%dbtrm%% hzfﬁ’g%&ﬁsuﬁ%'ﬂzeélﬁ’ggﬁogg‘fﬁgﬂg% %Ir{ B wag change% t?[lce)aé?g

i nst ea®@ARF Rp@bCq., iLnd. xBrdeb hydrbk o 8-mdthHebpher@imposict li-are {TXRVEVR EIYGt h

Conver si on- Type, P | tai cell. Sealin terial > of . Exanpl e. 5. a
et R OO BARE Yoy Ty TRt e Al ST Mo RERRI AT 2500

hours. TablekihdomdrebE G 4 show results of the nmeasurenment and results of
the observation. [0134] (Exanple 8) Eval uations of AJsc and high
t enper §3038¢/ i ayldittnrasiphojo ratatersawalde af the iphbto initiatos (Oh these magelsdibet ed i n

t he sanme procedur.es_ and . as. t.hos eScCr.i. above .except that the
Cont enteBRoRRC TR RRS T oo Ra i R e MRS i B N ER0F 0. 25 g i n
<Pr epargidco0ryefal Rﬁﬂétptrﬁmra@ﬂiyuMﬁoiz%eM\mggb@ngﬁdah@mﬁhs 1iR8- Tyaehermore,
Photovol taic cell Sealing Material > of anple 5.  As a result, the Alsc
was 0. Hzoe may bapsedanqdditiystha nhsidselndogs ot bavie phetadinifistipn popevichdur will Tabl e

observar s » FRTer e Lo FUaRBH R iR RIS b sh8R b1 o ohor
was obtaembidtibmwitheng afithe sebdndess mbdicdedxbept Fbhatxanipde, acrdanytandfiest he

fluorescent substance Eu(TTA)3Phen added s changed to 0.5 g instead of
0.05 gS% aéﬁfe;gm?%weaﬁn%ﬁ jtg gpm é’\aﬁég@zeﬁqﬁ Umle 1. In the
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filter edtiataadl)dd awhdarmabimitetdrzed water, and dried at 60C to obtain a

spherical p h%% %’E‘eotli'ler%la? ¥niﬁgt% &’B,S]ig)l%?er&% eréeorrtigazn&}é L&gkides producing free radicals
by heat. Examples of the organic peroxides include isobutyl peroxide, oo’ bis(neodecanoyl
peroxy)diisopropylbenzene, cumyl peroxyneodecanoate, bis-n-propylperoxydicarbonate,
bis-s-butylperoxydicarbonate, 1,1,3,3-tetramethylbutyl neodecanoate,
bis(4-t-butylcyclohexyl)peroxydicarbonate, 1-cyclohexyl-1-methylethylperoxyneodecanoate,
di-2-ethoxyethylperoxydicarbonate, bis(ethylhexylperoxy)dicarbonate, t-hexyl neodecanoate,
bismethoxybutylperoxydicarbonate, bis(3-methyl-3-methoxybutylperoxy)dicarbonate,
t-butylperoxyneodecanoate, t-hexylperoxypivalate, 3,5,5-trimethylhexanoylperoxide,
octanoylperoxide, lauroylperoxide, stearoylperoxide,

1,1,3,3-tetramethylbutylperoxy-2-ethylhexanoate, sucnic peroxide,
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of the fluorescent substance Eu(TTA)3Phen was used as it was instead of the
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phosphor or the rare earth metal complex as the fluorescent substance may be affected and

can cause deterioration or the like, so that acryl-based ones are more preferable.

[0091] When using a thermoplastic resin flowing by heating or pressurization as the

dispersion medium resin of the wavelength conversion-type photovoltaic cell sealing material,

examples of resin used as the dispersion medium resin include (di)enes such as natural rubber,

polyethylene, polypropylene, polyvinyl acetate, polyisoprene, poly-1,2-butadiene,

polyisobutene, polybutene, poly-2-heptyl-1,3-butadiene, poly-2-t-butyl-1,3-butadiene, and

poly-1,3-butadiene, polyethers such as polyoxy.ethylene ,polyoxypropyrene, polyvinyl ethyl

ether, polyvinyl hexyl ether and polyvinyl butyl ether, polyesters such as polyvinyl acetate

and polyvinyl propionate; polyurethane; ethyl cellulose; polyvinyl chloride; polyacrylonitrile;

polymethacrylonitrile; polysulfone; phenoxy resin; and poly(meth)acrylic acid esters such as

polyethyl acrylate, polybutyl acrylate, poly-2-ethylhexyl acrylate, poly-t-butyl acrylate,
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poly-3-ethoxypropyl acrylate, polyoxycarbonyl tetramethacrylate, polymethyl acrylate,
polyisopropyl methacrylate, polydodecyl methacrylate, polytetradecyl methacrylate,
poly-n-propyl methacrylate, poly-3,3,5-trimethylcyclohexyl methacrylate, polyethyl
methacrylate, poly-2-nitro-2-methylpropyl methacrylate, poly-1,1-diethylpropyl methacrylate,
and polymethyl methacrylate.

[0092] These thermoplastic resins may be copolymerized in combination of two or more
kinds thereof or used by mixing two or more kinds thereof as needed.

[0093] Furthermore, as resins copolymerizable with the above resins, epoxy acrylate,
urethane acrylate, polyether acrylate, polyester acrylate, and the like may also be used.
Particularlj in terms of adhesion, urethane acrylate, epoxy acrylate, and polyether acrylate are
excellent.

[0094] Examples of the epoxy acrylate include (meth)acrylic acid adducts, such
asl,6-hexanediol diglycidylether, neopentylglycol diglycidylether, allylalcohol diglycidylether,
resorcinol diglycidylether, adipic acid diglycidylester, phthalic acid diglycidylester,
polyethylene glycol diglycidylether, trimethylolpropane triglycidylether, glycerin
triglycidylether, pentaerythritol tetraglycidylether, and sorbitol tetraglycidylether.

[0095] Polymers having a hydroxyl group in its molecule, such as epoxy acrylate, are
effective in improvement of adhesion. Those copolymer resins may be used in combination
of two or more kinds as needed. Softening temperature of these resins is preferably 200°C
or lower, and more preferably 150°C or lower in terms of the easiness of treatment.
Considering that a normal use environment temperature of a sola cell unit is 80°C or lower
and processability, the softening temperature the above resins mentioned above is particularly
preferably 80 to 120°C.

[0096] When a thermoplastic resin is used as the dispersion medium resin, the other
structure of the resin composition is not particularly limited as long as the composition
includes the above spherical phosphor. However, it is possible to include commonly used
components such as a plasticizer, a flame retardant, and a stabilizer.

The dispersion medium resin of the wavelength conversion-type photovoltaic cell
sealing material of the present invention may be photocurable, thermosetting, or thermoplastic,
as described above, and is not particularly limited. However, as a particularly preferable
resin, there is mentioned a composition prepared by mixing a thermal radical initiator in an
ethylene-vinyl acetate copolymer widely used as a conventional photovoltaic cell sealing
material.

[0097] The wavelength conversion-type photovoltaic cell sealing material of the present

invention may be formed by a wavelength converting resin composition layer alone, but
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preferably, in addition to that, further includes a light transmissive layer other than the resin
composition layer.

As the light transmissive layer other than the resin composition layer, for example,
there may be mentioned a light transmissive layer in which the spherical phosphor is excluded
from the wavelength converting resin composition layer.

When the wavelength conversion-type photovoltaic cell sealing material of the
present invention is formed by a plurality of light transmissive layers, the refractive index(es)
of a layer(s) is(are) preferably the same as or higher than that of at least a layer on an incident
side.

Specifically, when m pieces of light transmissive layers are set as layer 1, layer 2, -,
layer(m—1), and layer m in sequential order from the light incident side and refractive indices
of the respective layers are sequentially set as nj, ny, -, Bym-1), and ny, then, preferably, n; <
ny < - < Np-1) < Nppe
[0098] The refractive index of the wavelength conversion-type photovoltaic cell sealing
material of the present invention is not particularly limited, but preferably 1.5 to 2.1 and more
preferably 1.5t0 1.9. In addition, when the wavelength conversion-type photovoltaic cell
sealing material of the present invention is formed by a plurality of light transmissive layers,
preferably, the refractive index of the entire wavelength conversion-type photovoltaic cell
sealing material is within the above range.

[0099] Preferably, the wavelength conversion-type photovoltaic cell sealing material of the
present invention is disposed on a light receiving surface of the photovoltaic cell. Thereby,
the material can conform to an uneven shape of the light receiving surface including the
texture structure, cell electrodes, and tab lines, without any gap.

From the aspect of handling easiness, preferably, the wavelength conversion-type
photovoltaic cell sealing material of the present invention has a sheet shape, and more
preferably, has a sheet shape having a light transmissive layer including no spherical phosphor
and a light transmissive layer including the spherical phosphor.

[0100] <Method for Producing Wavelength Conversion-Type Photovoltaic Cell Sealing
Material>

A method for producing the wavelength conversion-type photovoltaic cell sealing
material of the present invention includes (1) a process of preparing the spherical phosphor,
(2) a process of preparing a resin composition in which the spherical phosphor and the radical
scavenger are mixed or dispersed in a sealing resin, and (3) a process of forming the resin
composition into a sheet shape to produce a light transmissive resin composition layer. The

method may include any other process(es).
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[0101] - Spherical Phosphor Preparing Process—

At the step of preparing the spherical phosphor, the spherical phosphor may be
prepared by purchasing or producing using the above method.

Specifically, the step of preparing the spherical phosphor preferably includes a step
of obtaining a spherical phosphor by suspension polymerization of a vinyl compound
composition in which a fluorescent substance (preferably, a europium complex) is dissolved
or dispersed.

[0102] —Resin Composition Preparing Process—

As the method for preparing the resin composition by mixing or dispersing the
spherical phosphor and the radical scavenger in a sealing resin, a commonly used method can
be used without any limitation. Mixing and kneading may be performed by a roll mixer, a
blast mill, or the like such that the spherical phosphor is uniformly dispersed in the sealing
resin.

[0103] —Sheet Forming Process—

As the method for forming the resin composition into a sheet shape to produce the
light transmissive resin composition layer, a commonly used method can be used without any
limitation. When using a thermosetting resin as the sealing resin, for example, the
composition can be formed into a sheet in a half-cured state using a heated press.

The resin composition layer has a thickness of preferably 1 pm or more and 1000 um
or less, and more preferably 10 pm or more and 800 pum or less.

[0104] <Photovoltaic Cell Module>

The present invention also encompasses a photovoltaic cell module including the
above-described wavelength conversion-type photovoltaic cell sealing material. The
photovoltaic cell module of the present invention includes a photovoltaic cell and the

~ wavelength conversion-type photovoltaic cell sealing material disposed on a light receiving
surface of the photovoltaic cell. Thereby, electricity generation efficiency is improved.

The wavelength conversion-type photovoltaic cell sealing material of the present
invention is, for example, used as one of light transmissive layers in a photovoltaic cell
module having a plurality of light transmissive layers and a photovoltaic cell.

[0105] In the present invention, the photovoltaic cell module is, for example, formed by
necessary members, such as a reflection preventing film, a protection glass, the wavelength
conversion-type photovoltaic cell sealing material, a photovoltaic cell, a back film, a cell
electrode, and a tab line. Among these members, as the light transmissive layer having light

transmission properties, there are mentioned the reflection preventing film, the protection
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glass, the wavelength conversion type photovoltaic cell sealing material of the present
invention, a SiNx:H layer and an Si layer of the photovoltaic cell, and the like.
[0106] In the present invention, a lamination order of the light transmissive layers mentioned
above is as follows: usually, sequentially from the light receiving surface of the photovoltaic
cell module, the reflection preventing film formed if needed, the protection glass, the
wavelength conversion-type photovoltaic cell sealing material of the present invention, and
the SiNx:H layer and the Si layer of the photovoltaic cell are laminated.
[0107] That is, in the wavelength conversion-type photovoltaic cell sealing material of the
present invention, to introduce external light entering from every angle into the photovoltaic
cell efficiently with little reflection loss, preferably, the refractive index of the wavelength
conversion-type photovoltaic cell sealing material is higher than the refractive indices of the
light transmissive layers disposed closer to the light incident side than is the wavelength
conversion-type photovoltaic cell sealing material, namely the reflection preventing film and
the protection glass, and lower than the refractive indices of the light transmissive layers
disposed on a side opposite to the light incident side of the wavelength conversion-type
photovoltaic cell sealing material, namely the SiNx:H layer (also called “cell reflection
preventing film”) and Si layer or the like of the photovoltaic cell.
[0108] Specifically, as the light transmissive layers disposed closer to the light incident side
than is the wavelength conversion-type photovoltaic cell sealing material, namely, the
reflection preventing film and the protection glass, there are used a reflection preventing film
with a refractive index of 1.25 to 1.45 and a protection glass with a refractive index of usually
1.45t0 1.55. The light transmissive layers disposed on the side opposite to the light incident
side of the wavelength conversion-type photovoltaic cell sealing material, namely the SiNx:H
layer (cell reflection preventing film) and the Si layer or the like of the photovoltaic cell,
respectively, have usually refractive indices of 1.9 to 2.1 and 3.3 to 3.4, respectively.
Accordingly, the refractive index of the wavelength conversion-type photovoltaic cell sealing
material of the present invention is preferably 1.5 to 2.1, and more preferably 1.5 to 1.9.
[0109] By using the above-described spherical phosphor in the wavelength conversion-type
photovoltaic cell sealing material of the present invention, electricity generation efficiency of
the photovoltaic cell module is improved. The spherical phosphor suppresses the scattering
of light and performs wavelength conversion into light of a wavelength range that can
contribute to electricity generation, and the converted light contributes to electricity
generation in the photovoltaic cell.

Above all, by using a europium complex as the fluorescent substance used in the

wavelength conversion-type photovoltaic cell sealing material of the present invention, there
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can be obtained a photovoltaic cell module having high electricity generation efficiency.
The europium complex converts light of UV region to light of red wavelength region with
high wavelength conversion efficiency, and the converted light contributes to electricity
generation in the photovoltaic cell.
[0110] <Method for Producing Photovoltaic cell Module>

A method for producing the photovoltaic cell module of the present invention
includes a process of preparing the wavelength conversion-type photovoltaic cell sealing
material and a process of disposing the wavelength conversion-type photovoltaic cell sealing
material on the light receiving surface side of the photovoltaic cell, and if needed, the method
includes any other process(es).

[0111] - Wavelength Conversion-Type Photovoltaic cell Sealing Material Preparing Process

At the process of preparing the wavelength conversion-type photovoltaic cell sealing
material, the wavelength conversion-type photovoltaic cell sealing material may be prepared
by purchasing or producing using the above-described method for producing the wavelength
conversion-type photovoltaic cell sealing material.

[0112] - Wavelength Conversion-Type Photovoltaic cell Sealing Material Disposing Process

Using a sheet-shaped resin composition including the spherical phosphor of the
present invention, a wavelength conversion-type photovoltaic cell sealing material is formed
on the light receiving surface side of the photovoltaic cell to produce a photovoltaic cell
module.

Specifically, although it is the same as an ordinary method for producing a crystal
silicon photovoltaic cell module, the wavelength conversion-type photovoltaic cell sealing
material of the present invention (particularly, preferably having a sheet shape) is used instead
of an ordinary sealing material sheet.

[0113] Generally, in the silicon crystal photovoltaic cell module, first, on a cover glass as the
light receiving surface is mounted a sheet-shaped sealing material (in most cases, which is
obtained by forming an ethylene-vinyl acetate copolymer into a thermosetting product using a
heat radical initiator). In the present invention, as the sealing material used herein, the
wavelength conversion-type photovoltaic cell sealing material of the present invention is used.
Next, cells connected by tab lines are mounted thereon and additionally, a sheet-shaped

sealing material (in the present invention, the wavelength conversion-type photovoltaic cell
sealing material of the invention may be used on the light receiving surface side alone, and on

the back surface may be used a conventional one) is mounted, and furthermore, a back sheet
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is mounted thereon. Then, a module is formed using a vacuum pressure laminator
exclusively used for photovoltaic cell modules.

[0114] In that case, a heat plate temperature of the laminator is at a temperature level
necessary to allow the sealing material to be softened, melted, enclose the cells, and then
cured. The heat plate is designed such that such physical changes and chemical changes
occur usually at 120 to 180°C, and mostly at 140 to 160°C.

[0115] The wavelength conversion-type photovoltaic cell sealing material of the present
invention refers to that in a state before being used in the solar module, and specifically refers
to that in a half-cured state when using a curing resin.  There is no significant difference in
refractive index between the wavelength conversion-type photovoltaic cell scaling material in
the half-cured state and the wavelength conversion-type photovoltaic cell sealing material
after being cured (after the formation of a solar module).

The shape of the wavelength conversion-type photovoltaic cell sealing material of the
present invention is not particularly limited, but preferably is sheet-shaped in terms of
easiness of solar module production.

[0116] The disclosures of Japanese Patent Application No. 2010-090351, Japanese Patent
Application No. 2010-229914, and Japanese Patent Application No. 2010-184932 are
incorporated herein by reference in their entirety.

All documents, patent applications, and technical standards described in the present
specification are incorporated herein by reference to the same extent as if each individual
document, patent application, or technical standard were specifically and individually
indicated to be incorporated by reference.

[EXAMPLES]

[0117] Hereinafter, the present invention will be described in more detail with reference to
Examples, although the invention is not limited thereto. Unless otherwise specified, “%”
and “parts” are based on mass.

[0118] (Example 1)

<Synthesis of Fluorescent substance>

In 7 ml of ethanol was dissolved 200 mg of
4.4 4-trifluoro-1-(thienyl)-1,3-butanedione (TTA), and into the mixture was added 1.1 ml of
IM sodium hydroxide to mix together. In 7 ml of ethanol was dissolved 6.2 mg of
1,10-phenanthroline, and this mixture was added to the previous mixture solution. After
stirring the solution for 1 hour, a 3.5 ml aqueous solution containing 103 mg of EuCl; - 6H>O
was added to obtain a precipitate. The precipitate was filtered, washed with ethanol, and

then dried to obtain a fluorescent substance Eu(TTA);Phen.
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[0119] <Production of Spherical Phosphor>

Amounts of 0.05 g of the fluorescent substance Eu(TTA);Phen obtained above, 100 g
of methyl methacrylate, 0.2 g of lauroyl peroxide as a heat radical initiator, respectively, were
measured and placed in a 200 ml screw tube to stir and mix together using an ultrasonic
cleaner and a mix rotor. Into a separable flask equipped with a cooling tube were added 500
g of deionized water and 4 g of polyvinyl alcohol 1.8% solution as a surfactant to stir the
mixture solution. The previously prepared mixture solution of methyl methacrylate was
added to the mixture solution to stir at 2000 rpm for 20 seconds using a homogenizer. The
resultant solution was heated to 60°C while stirring at 350 rpm to allow it to react for 3 hours.
In the obtained suspension, particle diameters were measured using Beckman Coulter
1.513320 to obtain a volume mean diameter of 104 ym. The precipitate was filtered, washed
with deionized water, and dried at 60°C to obtain a spherical phosphor A by suspension
polymerization.
[0120] The obtained spherical phosphor A was observed through a microscope or a scanning
electron microscope, and it was confirmed that the obtained spherical phosphor A was
spherical.

In addition, regarding the product obtained by curing methyl methacrylate forming
the spherical phosphor A using the heat radical initiator, a transmittance of light at 400 to 800
nm in an optical path length of 1 cm was calculated and a transmittance of 90% or more was
obtained.
[0121] <Preparation of Resin Composition for Wavelength Conversion-Type Photovoltaic
cell Sealing Material>

A mixture product containing 100 g of ULTRASEN 634: an ethylene-vinyl acetate
resin manufactured by Tosoh Corporation as a transparent sealing resin (dispersion medium
resin), 1.5 g of LUPEROX 101: a peroxide heat radical initiator manufactured by Arkema
Yoshitomi, Ltd., 0.5 g of SZ6030: a silane coupling agent manufactured by Toray Dow
Corning Co. Ltd., and 0.25 g of the spherical phosphor was mixed and kneaded by a roll
mixer adjusted to 100°C to obtain a resin composition for wavelength conversion-type
photovoltaic cell sealing material.
[0122] <Production of Wavelength Conversion-Type Photovoltaic cell Sealing Material
Sheet>

Approximately 30g of the resin composition for wavelength conversion-type
photovoltaic cell sealing material obtained above was sandwiched by a release sheet to be

formed into a sheet shape using a stainless steel spacer with a thickness of 0.6 mm and a press
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with a heat plate adjusted to 80°C. The obtained sheet-shaped wavelength conversion-type
photovoltaic cell sealing material had a refractive index of 1.5.
[0123] <Production of Photovoltaic cell Sealing Material Sheet for Back Side>

In the production of the wavelength conversion-type photovoltaic cell sealing
material sheet above, instead of the resin composition for wavelength conversion-type
photovoltaic cell sealing material, using a resin composition prepared in the same manner as
above except for including no spherical phosphor, a photovoltaic cell sealing material sheet
for back side was produced by the same method as above.

[0124] <Production of Wavelength Conversion-Type Photovoltaic cell Module>

On a tempered glass (manufactured by Asahi Glass Co., Ltd., refractive index: 1.5) as
a protection glass was mounted the wavelength conversion-type photovoltaic cell sealing
material sheet, and thereon were mounted photovoltaic cells adapted to externally take out
electromotive force such that light receiving surfaces of the cells faced downwardly.
Additionally, the photovoltaic cell sealing material sheet for back side and a PET film (trade
name: A-4300 manufactured by Toyobo Co., Ltd.) as a back film were mounted and then,
lamination was done using a vacuum laminator to produce a wavelength conversion-type
photovoltaic cell module.

Additionally, on the photovoltaic cells used are formed a cell reflection preventing
film with a refractive index of 1.9.

[0125] <Evaluation of Photovoltaic cell Characteristics™>

Using a solar simulator (WXS-1558-10, AM 1.5 G, manufactured by Wacom Electric
Co., Ltd.) as an artificial sunlight, a short-circuit current density Jsc in the state of the cells
before module sealing and a short-circuit current density Jsc in the state thereof after module
sealing, respectively, were measured by an I-V curve tracer (MP-160 manufactured by Eko
Instruments, Co., Ltd.) electric current-voltage characteristics based on JIS-C8914, and a
difference (AJsc) between them was obtained for evaluation. As a result, the AJsc was 0.212
mA/cm?®.  Table 1 and FIG. 4 show the measurement results.

FIG. 4 shows a relationship between the amount of the spherical phosphor included
in the wavelength converting resin composition layer and electricity generation efficiency in
each particle diameter of the spherical phosphor.

[0126] <Evaluation of High Temperature/High Humidity Resistance of Light Emission>

In the same method as in the above <Production of Wavelength Conversion-Type
Photovoltaic cell Module>, using a sheet of blue glass of 5 cm x10 cm x 1 mm as the
protection glass, thereon was mounted the wavelength conversion-type photovoltaic cell

sealing material sheet. Then, as a back film, a PET film (trade name: A-4300 manufactured
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by Toyobo Co., Ltd.) was mounted thereon and lamination was done using a vacuum
laminator to form a test piece.

Using a handy UV lamp: SLUV-4 manufactured by As One Corporation, the test
piece was irradiated with light of 365 nm to observe the presence or absence of red light
emission. In addition, the test piece was placed in a temperature and humidity testing
chamber adjusted to 85°C and 85% RH, and after an appropriate time interval, the presence or
absence of red light emission was observed in the same manner as above, As a result, light
emission was confirmed until 2500 hours. Table 1 shows results of the observation.

[0127] (Example 2)

Evaluations of AJsc and high temperature/high humidity resistance of light emission
were conducted in the same procedures and methods as those described above except that the
content of the spherical phosphor A was changed to 0.5 g instead of 0.25 g in <Preparation of
Resin Composition for Wavelength Conversion-Type Photovoltaic cell Sealing Material> of
Example 1. As aresult, the Alsc was 0.499 mA/cm?, and light emission was confirmed until
2500 hours. Table 1 and FIG. 4 show results of the measurement and results of the
observation.

[0128] (Example 3)

Evaluations of AJsc and high temperature/high humidity resistance of light emission
were conducted in the same procedures and methods as those described above except that the
content of the spherical phosphor A was changed to 3g instead of 0.25 g in <Preparation of
Resin Composition for Wavelength Conversion-Type Photovoltaic cell Sealing Material> of
Example 1.  As a result, the AJsc was 0.607 mA/cm?, and light emission was confirmed until
2500 hours. Table ! and FIG. 4 show results of the measurement and results of the
observation.

[0129] (Example 4)

Evaluations of AJsc and high temperature/high humidity resistance of light emission
were conducted in the same procedures and methods as those described above except that the
content of the spherical phosphor A was changed to 5g instead of 0.25 g in <Preparation of
Resin Composition for Wavelength Conversion-Type Photovoltaic cell Sealing Material> of
Example 1. As a result, the AJsc was 0.474 mA/em?, and light emission was confirmed until
2500 hours. Table 1 and FIG. 4 show results of the measurement and results of the
observation.

[0130] (Example 5)

A suspension of spherical phosphor was obtained in the same manner as above
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Absent 0141] In Table 1, Content of fluorescent substance represents the
content of the fluorescent substance in the spherical phosphor, and Anount
of addition represents the nunber of parts of addition of the spherical

phosphor s anples 1 to 1 or the fluores ubs ce ( rative
Exanpl chf}'-"g Tt PESBRI ﬂe%@tn&%g%@éﬂm%ﬁiﬁﬁ%ﬁiﬁa@é&ﬁ% %@aﬂ% fyh
Based gmhJfahldg 0bs d pr<4mbdRboR bf SpIRREIOMRIHILS of BkhmpPRAY! &n Hiisiehehbign, |
wavel ength conversion-type photovoltaic cell sealing material i ncl udi ng
t he sphaticlealiamdters proe mebsurdteuspreBerkmanrventer b 13328 te nbibinedvdlimght
utilization ﬁffiCiggCﬁ in the photovoltaic cell nodule to be inproved and
has endaqf GHBEEr PiciPyeneration efficiency to be stably inproved. [0142]
(Exampl e 13) hesd o] . : : ° of

TH fsaélgﬁﬁt'e ?agggééeﬂhgvg%%ﬁ gﬁﬂlﬁﬁ%gﬁ?ﬁm and driddht 68°

met hanol were ve

1- (p-t obidinyd ypheriyal phSsphpr By Rospepsion ydlymkridatipnopanedi one (BVDBM and 151. 4
nyg (0.84 nmol) of 1,10- phenanthroline (Phen). In this solution was dropped
a sol ulq13a] oEvalumions gfAlse and highgemperptuseibich mupydibosesiganseeflphpenyisgion

met hangl n jttonall ] X%t Ur ol yt | ; Lrr hour .
Noxt - et A RT b Bthe ookt et o M) ReBB o Ve Bl

hexahy dpatgefithe $pherichl phosphbhBblaivedsbdteppeshheditd phbghor Wheusedii ur e

sol ution was continyously stirred for 2 nore hours. The produced

pr eci pirtEParaiar osResin srewostan for Wearekagthiaanesion-1 rreddiotamednic cslld t hen
dried t\al.n . Phe [ £l uQr, b . [0143]
<Synt hégﬁlgl%o@étgﬁﬁgﬁg?g B%%gls‘pr{gsriggﬁh’ the %'Isﬁo%gr(r)e%f)%gﬁ‘lk{fy b%{d\?\l%?pr epared by
di ssol winisgiofA2vdd coBfifnidlatil DM houds. L0Psbhy1 AREBIG: ¢lshéw Y&ultoof the nononer) of

t he above fluorescent substance Eu(BVDBM 3Phen and 214.3 ng (0.86 mmol) of
2, 2' - apspyusgoent and restliy pAhe ebsEYAiON] ) (V-65) in 42.43 g of nethyl
nethacRﬁbgLeE%¥%?eébnnnoner conponent) and 0.43 g (1.0% by nass rel ative
to the non n%r ? 1, 2, 2,6, 6-pent anet hyl pi peri di nyl nethacrylate (FA- 711WM
manuf act ur edEtludtionaehiJschadhizhl teloperatuld/bigh[Hkddi}y rEbietanenefiiisht smissiohon was

added in 300.00@9_0f an aqueous sol ution containing 0.42 g of pol¥vinyl
al cohoMeregadugied i the sarae oreduresandaaetiedsias dpsgdessnibed Abaye exeony thet the

homogen; ; . 9"
cubj oo Pl gt Ble BN b fiolh St Bl 1703 Rt IR FLRPIIDANIT 1 by o
stir bRase Camp@Shion ion WhadléngieQotwerditve TypePloaselaic deirfjeelimg Materiab- &OC under
nitrogen airflow and then, the polynerization of the suspension at that

t enper &k#RBledor A6 A5 Axpwes 0-o05 Bavemcpad lightpmigpempavtrnig@cd shitlect ed to
measur Egéd“ﬁ . ESRBES Ad ﬂ?}?&@ﬁcﬁv sl lee%{ga%%la?l@m and result fFper that, to
elimnate t%e remal ning radical initrator, additironally tﬁe suspensi on

t enper absgrentions i ncreased up to 80C and stirring was conducted for 2 hours

to co action, and then, the tenperature of the reaction suspension
was rgﬁbggﬁdﬁgﬁnW%ﬁﬂltenperature. The produced spherical phosphor was

filtered, sugidighemt by AYRSAE i bipBdffe MR Humi R cbiBBRAH 1f0t BhiklE to
obtain a spher%caﬁﬁbhosgﬁor.]éﬂ P /M Humi BQEI ¢ &ﬂ '
were conducted in the same procedures and methods as those described above except that the

content of the spherical phosphor B was changed to 2 g instead of 0.25 g in <Preparation of
Resin Composition for Wavelength Conversion-Type Photovoltaic cell Sealing Material> of
Example 5.  As aresult, Alsc was 0.557 mA/em®, and light emission was confirmed until
2500 hours. Table 1 and FIG. 4 show results of the measurement and results of the
observation.
[0134] (Example 8)

Evaluations of Alsc and high temperature/high humidity resistance of light emission
were conducted in the same procedures and methods as those described above except that the
content of the spherical phosphor B was changed to 5 g instead of 0.25 g in <Preparation of

Resin Composition for Wavelength Conversion-Type Photovoltaic cell Sealing Material> of
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[0145] In addition, nethyl nethacrylate formng the transparent material in
t he spherical phosphor was cured using the heat radical initiator, and
regarding the cured product, a transnmttance of |light of 400 to 800 nmin
the optical path length of 1 cmwas neasured to be 90% or nore. [0146]

(Exarrpﬁéambe 5. Asagsyhler Mg was RS HBA o sanddishit peession quséog@ﬁfdr%' od as
t t
oA BIL® ALK GRG0l DB RIRHE ool OFcl) HREESRETE polnct ance

rel ati vbsdraatiohe nononer). [0147] (Exanpl e 15) A nononer sol ution was
prepared by dissolving 42.9 ng (0.036 nmol, 0.10% by nass relative to the
m)nomer[gné# firempio¥e "t 1 uor escent substance Eu( BVDBM 3Phen and 214.3 ny

(0.86 mMmmol) af hs( L ORI fiL.i - [ 2. 86 of
et hyl et hacr RSB R RRF R ITR: WA UBRBORL b s et g, 308 00
g of aexaguthattheaolouhi efithe intrascehnmbtan@ I (FTApGhyw added vedscbimged t@fd t hen,

the m xture sol utjon s stirr t. 3000 rpm usi the h eni zer. for 1
i nut _egﬂ%st?ﬂdeﬂg‘aﬁﬁg %ms%'}frsé%aﬂaﬁ?_gn*ﬁ@ceﬁ@zfﬁﬂﬁﬁ%ﬁvlﬁ&gm@l}o%-e £ 8% TP ogen
bubbl i ngrRle diAAMASHRE HRhUFE] Wihd BcOSARACAHIHCF 1.8 390 thd6tad 4 foltidde at 350
rpm followed by the increase of tenperature to 50C under nitrogen airflow

and t hewragediapeley ofli3zahi ofhepretiptasepditian washadheth dempesdavates afidbr 4
hours. A part Oof pgrti cles t f]g%?%g‘;‘ai rLed was collected to neasure the
pr esendBedat Q& dp pblagra snhgHea bf. YSUSPenswﬁﬂf’PB’Fn@crﬁétéc,’n-t o elimnate the

noreased upcr g shaRetbe FRL-DRERTH Kk P FERIA0 SATBFERILS, 0°°

react i eere ddh@ieted NEtht eire pafcbdifePindiNethb@&astthexe destsided abeve exasptiieitur ned to
room tenperature. The produced spherical phosphor was filtered,

suf fi c0ettd 9f thesnhericaliphpsphar £ akidingd abawe asiz prigrgal rbogrhos wapbsgdinor gani ¢
particl : I Wedy | ription
Wil | be<§ gﬁp\%ﬁ%ﬁg 1“1&@%%%@%%%%@%”“% l.ég%veg%‘?rgm%ﬁrtr%\é@l# (ea%ﬁi n each
Exanpl Sealing Meess-efExample ParAi & keulSitae ADicstdsi 0387 nA/dVohnthkglAver age

D aneter) Measur enment _was conduct ed usikrgr; LS13320 manuf act ured by
Bec k na 6m@sisn: s, confipned vl 250 heyrs| elable band EIG tishewaesulipaf {iger ;| and wat er

as a dhfe%.frérjn&ﬂ ARIUNNR PR Bbscavatipasur ement of Presence or Absence of
Li ght Em'ssion
[0136] (Example 10)

Evaluations of AJsc and high temperature/high humidity resistance of light emission
were conducted in the same procedures and methods as those described above except that the
content of the spherical phosphor C was changed to 0.5 g instead of 0.25 g in <Preparation of
Resin Composition for Wavelength Conversion-Type Photovoltaic cell Sealing Material> of
Example 9. As aresult, the Alsc was 0.437 mA/cm?, and light emission was confirmed until
2500 hours. Table 1 and FIG. 4 show results of the measurement and results of the
observation.

[0137] (Example 11)

Evaluations of AJsc and high temperature/high humidity resistance of light emission
were conducted in the same procedures and methods as those described above except that the
content of the spherical phosphor C was changed fo 2 g instead of 0.25 g in <Preparation of
Resin Composition for Wavelength Conversion-Type Photovoltaic cell Sealing Material> of
Example 9. As a result, the Alsc was 0.388 mA/cm?, and light emission was confirmed until
2500 hours. Table 1 and FIG. 4 show results of the measurement and results of the
observation.

[0138] (Example 12}
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Wth irradiation by a W (365 nm lanp, light em ssion of the particles was
confirmed by visual observation. [0151] [Table 2] Ex. 13 Ex. 14 Ex. 15
Concentration of fluorescent substance (Eu conplex) (% by nass relative to
monomer) 0. 10 omions of o o high e geY - high humidity resistance of light emission

were conducted in the same procedures and methods as those described above except that the

content of the spherical phosphor C was changed to 3 g instead of 0.25 g in Example 9:

<Preparation of Resin Composition for Wavelength conversion-type Photovoltaic cell Sealing

Material>>. As a result, the AJsc was 0.295 mA/cmz, and light eﬁlission was confirmed until

2500 hours. Table 1 and FIG. 4 show results of the measurement and results of the

observation.

[0139] (Comparative Example 1)

Evaluations of AJsc and high temperature/high humidity resistance of light emission

were conducted in the same procedures and methods as those described above except that

0.01 g of the fluorescent substance Eu(1TTA);Phen was used as it was instead of the spherical

phosphor A in <Preparation of Resin Composition for Wavelength Conversion-Type

Photovoltaic cell Sealing Material>of Example 1. As a result, the AJsc was —0.18 mA/em?,

and light emission was not confirmed after 24 hours. Table 1 shows results of the

measurement and results of the observation.

[0140] [Table 1]

Spherical phosphor Presence or absence of light emission
Content of Volume Amoumt of Adsc after elapse of time undfr environment
flucrescent awerage addition | (mAfcm?) of 85°C and 85% RH

substance {%) | diameter (um) | (parts) Ohrs 24 hrs | 2500 hrs
Ex. 1 0.05 104 0.25 0.212 Present | Present Present
Ex. 2 0.05 104 0.5 0.499 Present | Present Present
Ex. 3 0.05 104 3 0.607 Present | Present Present
Ex. 4 0.05 104 5 0.474 Present | Present Present
Ex. 5 0.1 115 0.25 0.396 Present | Present Present
Ex. 6 0.1 115 0.5 0.503 Present | Present Present
Ex. 7 0.1 115 2 0.557 Present | Present Present
Ex. 8 0.1 115 5 0.29 Present | Present Present
Ex. & 0.5 113 0.25 0.387 Present | Present Present
Ex. 10 0.5 113 0.5 0.431 Present | Present Present
Ex. 11 0.5 113 2 0.388 Present | Present Present
Ex. 12 0.5 113 3 0.295 Present | Present Present
Co. Ex. 1 - - 0.01 -0.18 Present | Absent Absent

(0141] InTable 1, Content of flucrescent substance represents the content of the fluorescent
substance in the spherical phosphor, and Amount of addition represents the number of parts of
addition of the spherical phosphors (Examples 1 to 12) or the fluorescent substance
(Comparative Example 1) with respect to 100 parts of the transparent sealing resin.

Based on Table 1, formation of a photovoltaic cell module using the wavelength
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(% by mass relative to nononer) 1 1 None Volune a'e age dianmeter (vnm) 128
118 Presence or absence of light em ssion After increase of tenperature
(to 50C) Present

conversion-type photovoltaic cell sealing material including the spherical phosphor of the
present invention has enabled light utilization efficiency in the photovoltaic cell module to be
improved and has enabled electricity generation efficiency to be stably improved.

[0142] (Example 13)

<Synthesis of Fluorescent Substance>

In 25.0 g of methanol were dissolved 695.3 mg (2.24 mmol) of
1-(p-t-butylphenyl)-3-(p-methoxyphenyl)-1,3-propanedione (BMDBM) and 151.4 mg (0.84
mmol) of 1,10- phenanthroline (Phen). In this solution was dropped a solution of 109.2 mg
(2.73 mmol) of sodium hydroxide in 10.0 g of methanol, and additionally, the mixture
solution was stirred for 1 hour.

Next, a solution of 256.5 mg (0.7 mmol) of europium (III) chloride hexahydrate in
5.0 g of methanol was dropped, and then, the mixture solution was continuously stirred for 2
more hours. The produced precipitate was suctioned and filtered, washed with methanol,
and then dried to obtain Eu (BMDBM) sPhen that is a fluorescent substance.

[0143} <Synthesis of Spherical Phosphor>

A monomer solution was prepared by dissolving 42.9 mg (0.036 mmol, 0.10% by
mass relative to the monomer) of the above fluorescent substance Eu{BMDBM);Phen and
214.3 mg (0.86 mmol) of 2,2’-azobis(2,4-dimethylvaleronitrile) (V-65) in 42.43 g of methyl
methacrylate (MMA, a monomer component) and 0.43 g (1.0% by mass felative to the
monomer) of 1,2,2,6,6-pentamethylpiperidiny]l methacrylate (FA-711MM manufactured by
Hitachi Chemical Co., Ltd.

[0144] The monomer solution was added in 300.00 g of an aqueous solution containing 0.42
g of polyvinyl alcohol, and the mixture solution was stirred at 3000 rpm using a homogenizer
for 1 minute to prepare a suspension. The suspension was subjected to nitrogen bubbling at
room temperature while being stirred by a stir blade at 350 rpm, followed by the increase of
temperature to 50°C under nitrogen airflow and then, the polymerization of the suspension at
that temperature for 4 hours. A part of particles thus obtained was collected to measure the
presence or absence of light emission.

After that, to eliminate the remaining radical initiator, additionally the suspension
temperature was increased up to 80°C and stirring was conducted for 2 hours to complete
reaction, and then, the temperature of the reaction suspension was returned to room
temperature. The produced spherical phosphor was filtered, sufficiently washed with pure
water, and then dried at 60°C to obtain a spherical phosphor.

[0145] In addition, methyl methacrylate forming the transparent material in the spherical

phosphor was cured using the heat radical initiator, and regarding the cured product, a
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Present Absent End product Present Present Absent [0152] As shown in
Table 2, it is apparent that, by including a radical scavenger, there can
be obtai ned a spherical phosphor emtting |ight despite the use of the

fl uorescent, substance that significantly deteriorates due to radjcals.
[0153] trwﬁam%qf%ﬁmfl 4R04p 30@8%8&?% enslcak gt g@@ﬁgﬂ%%ﬁ%%%@fy pe
Phot ovK_%a(jr%&g_I | Sealing Material > A m xture product containing 100

g of ULTRASEN 634: the ethylene-vinyl acetate resin manufactured by Tosoh
Cor por #ili46h, (Iaemplel4)r ansparent sealing resin (di spersion nediumresin),

1.3 f LUP 101:, t id di i nitiat factured b
Ar ke Yos hi BORICHGR BhosPa Bt eAp cg Ene ey ds L nEP e 13 ESER | k) ng
agent pRpHeaniddhesr Y ThbRRQA &%ﬁhoéb@l\@h henlatied wik éhatlg@f 10946030: t he

si l ane coupling agent nmanufactured bﬁ, oray Dow Coming Co. Ltd., and 3.00 g
of t hemgyRd B eaholp AGSHhoy moss relatinpiocthe Bonameni xed and kneaded by the rol

m xer i(ﬂjdzft to 9? to obtain a resin conposition for wavel ength

conver sio t@%‘émﬁ]flu% voltaic cell sealing material. [0154] <Production of
Vavel engt h CanN@ioshc? Bolhipe Wik piepiiel btidisseRidg SeRiigng.0BBhendlad. 1 Brast >
Approxi mately 30g of the resin conposition for wavel e ver si on-type

ngt h con
phot ov tiassielative e thsengromsrhelttbe pkave dlyorgspey sestapse M@@&Ms&h@bﬂqﬁl

y a
rel eas t 0 | J - 14 tad eel
pacer Tyt R (Lt meDNIZEE s P - ShEehy BT R Nlos [ & P Bhanst
adj ust eg@tiaory®@AEMME). obt ai ned sheet - shaped wavel engt h conver si on-type
phot ovol taic_cell sealing materi had the refractive 'ln.dex of . 1.% ﬁLOlSS]

. >

|
Pr oduldi4sh Bk mRBeBEbINRIoR s Adesbi 094 N o aqpieass selutiop coriaiogs

g of polyvinyl alcohol, and then, the mixture solution was stirred at 3000 rpm using the
homogenizer for 1 minute to prepare a suspension. The suspension was subjected to
nitrogen bubbling at room temperature while being stirred by the stir blade at 350 rpm,
followed by the increase of temperature to 50°C under nitrogen airflow and then, the
polymerization of the suspension at that temperature for 4 hours. A part of particles thus
obtained was collected to measure the presence or absence of light emission.

After that, to eliminate the remaining radical initiator, additionally the suspension
temperature was increased up to 80°C and stirring was conducted for 2 hours to complete
reaction. Then, the temperature of the reaction suspension was returned to room temperature.
The produced spherical phosphor was filtered, sufficiently washed with pure water, and dried
at 60°C to obtain organic particles.

[0149] [Evaluvation Method]

Hereinafter, a description will be given of a method for measuring each parameter
measured in each Example.

1. Measurement of Particle Size Distribution (Volume Average Diameter)

Measurement was conducted using 1.513320 manufactured by Beckman Coulter, Inc.,
as a particle size distribution analyzer, and water as a dispersion medium.
[0150] 2. Measurement of Presence or Absence of Light Emission

With irradiation by a UV (365 nm) lamp, light emission of the particles was
confirmed by visual observation. '

[0151] [Table 2]
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In the production of the wavel ength conversion-type photovoltaic cell
sealing material sheet above, instead of the resin conposition for

wavel engt h conversion-type photovoltaic cell sealing material, using a
resin gonpositionprepared-in-the sane manper as abpve except for including
no sph=rical phosphor a photovol {aiEx.del | | seal.ithg mater i@l sheet for back
si de |Uuuucu u' +he—sare—rethotd—as—abpve: [0153] Producti on of

Vavel engPH”CGBtFﬂV@f‘glﬂEﬂﬁeS?%é”ng?ﬁf%v bl taic cell Mdul ep On a tenpered
gl ass {nmanuf act uf¥FB)'Bsahi @ ass Co%! Ltg., ¥Bfrapti v@&'index: 1.5) as a
pr ot ect ion(°/g'l’ya’§§55\/(%!§t'vﬁfﬂlﬁ?r‘€ﬁ‘e't) he Wwavel engt h conversjion-type photovol taic
cell sealing rr%tag{: g!:a and {hereon were nmounted photovpltaic cells
adapt ed to(S %54%6} I!at \'f 091?5 el gctrdnmoti ye fdrce sucNotchat|the |ight

receiv rraces o I's faced downywardly. Additional|y, the

phot ovpl t ai\gy 66l ders@alidiee - pRheri al shegt for bﬁgk s{de and al PET film
(tradel nane: A-430 manufa(,yt ured by ToyvobolCo., Ltd]) as_a bhck filmwere
m)unted | amifeaintessewds (o usi ng the vactum | am nptor to produce
a wave E&%cjic%)&\(er SdnpRratuydE IR0 )vgﬁ?sgpt ,eIFJIquﬁBt %sef‘m Addi tionally,
on the e{r;sson% c cettsusedarg formed @ cett—reftectTompreventing film
with t he refractivie i nEekpreguct. 9. [ CISPP <Evdler&f op di*PHot bvol taic cel |

Characteristics> Using the sotrar sinmatator (WKS-1555-10, AM 1.5 G
manuf afdlb2édAbyhastre orifableed; titris epi@oent thatdhy) inakiding camdicéli scawlngguﬂiereglw a
Ul t current nmodul e

SO | 75t Bt SRbheiR SO e R ASpRE By is®hr e RS e S Ee a1 o

nodul et@e@gmmmtéw@mraﬁg@h%tow@dlgalgreasured by the |-V curve tracer (MP-160
manuf act ured by I nst rument s ., Ltd zﬁn el ectric current-vol tage

char ac{@5B§t FRparateniolResin €ompasition fsdVayelsngthdf enversiqnal ypsd3hokmoliaien t hem
was ob Luation. As a result, the Alsc was 0.423 mA cn2. [0158]
<Eval ug‘?l1 gﬁa(ﬂgg%ﬁtg\{ﬁTenperat ure/ Hi gh Huni di ty Resistance of Light Em ssion>

In the sane Aehikade poduet doh@imifl delg b DRTRIASEAV 634 nigt dthflomyeingl antaly pe
Phot ovol taic cell Modul e>, USIP?giPa sheet of bl ue ?I ass, of . 5 cm xlO cmx 1
nm as ESHY laﬁ@%,f@?t%d@wé@gofaﬁw Bt manrpamsnewalpereiia/dispsrgion medium

conver t t 48 back
%ésﬁi%rf.%’ I&fbrt;]?; Eaﬁégk 190 Cth@ bloxREHhNG 1'891 d%ﬁfa%l ﬁﬁfctubércf‘@m}éﬁl

film nane: 4300 rranu acture Toyobo d.) was
unt e Yoshimnaohtda 200 gof TvalkG @nalhéxso@mnaie);smcngsshﬂﬂengagnmﬂmahaﬁacmﬁtdd]y to form

Cor por NP K45 Chuea Soddadl P A i0e o oFF SRS BHem GBS A P lobser ve

the pregsenss Miw ebagAceoofid!, @dd BioBhofeRd §iHeABal pthﬁ@ﬁbe%mplé e wagst piece
was placed in the tenperature and hum dity testing chanber "adjusted to 85C

and 85uiRtd, ar)ddcheafedehy tharadpizepadjasted to $2Ci tntobalad resinenmpositiender or absence
red |i g ssion was served i e sanme. panner as above. As a
Fesul t Mg G ET OB SREBAP P el LT T2858 hour s. [ 0159 ( Exanpl e 16)
<Synt hf’@l‘S&] okpioib@idTaniveRAREL @aRRRion-Type Photovoltaic cell Sealing Material
Sheet>
Approximately 30g of the resin cdmposition for wavelength conversion-type
photovoltaic cell sealing material obtained above was sandwiched by a release sheet to be
formed into a sheet shape using the stainless steel spacer with the thickness of 0.6 mm and the
press with a heat plate adjusted to 90°C. The obtained sheet-shaped wavelength
conversion-type photovoltaic cell sealing material had the refractive index of 1.5.
[0155] <Production of Photovoltaic cell Sealing Material Sheet for Back Side>
In the production of the wavelength conversion-type photovoltaic cell sealing
material sheet above, instead of the resin composition for wavelength conversion-type
photovoltaic cell sealing material, using a resin composition prepared in the same manner as

above except for including no spherical phosphor, a photovoltaic cell sealing material sheet
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In 7 m of ethanol was dissol ved 200 ng of

4,4, 4-trifluoro-1-(thienyl)-1, 3-butanedione (TTA), and into the solution
was added 1.1 m of 1M sodi um hydroxide to m x together. Next, 6.2 ng of
1, 10- phenant hrol i ne dissolved in 7 nl of ethanol was added to the previous
mi xt ur &TdBEkside appradpced by 1 sgme AEtodiaiePeYE- for 1 hour, a 3.5 m aqueous

sol uti 1 ;A ook gﬁ,p@g]“;é@sam@ P RRLRIA MRS pitate. The
precip@?gﬁl mggﬁpgﬁgggéd, &g' ed wit e?ﬂ%ngﬁ, ané gried to obtain a

fl uorescent Gulastapered ElagTTgidRivaned phAsan Hass|Gond-thasdthceve mdiunh. Howpl ex) .
[ 0160] <Production of Spherical Phosphor> . unt.s.of ~0.05 of the
I uor e PBIECEHILFANEs AV P AT PRSI %‘?Y}Yéﬁl%té{%,pﬂ‘g%"‘&t%cf celergne

met hac pyh @18 sheat, dn@{heRIoANVEE §10%hita Pho@ivoRAiD 8T YHIaHERd tP&TderHaly BkObut

2,2' -azobis(2,4-dinethylvaleronitrile) as a heat radical initiator,

r espectlevedpotiveioserspds thatthe dight seeiviag sirfaces 20 thergells frceddowmwardly. stir and
m x usi,ng.the ultrasonic cleaner. and th I X.rotar...In abl e,fl ask
equi ppAd iR g ietise aepioR Batrat < g B gt s REP TR0 5o 4
g of pakw¥i AMBo@hzetRttuledd 7 TSbs ToQMtdFada Batkifam Ve nidindd dndtifen, m xt ur e
solution. The previously prepared m xture solution of nmethyl methacrylate
and et laphisptéonyvgacdsine gbina oy imtleminator S poduecr WAEClgnah corvesingypen t o
heat uBh%[gvapa% X!H&Sdu‘iéi rring at 350 rpmto allow it to react for 4 hours.
I n the*obtai ned suspensi on, particle dianmeter neasurenent was conducted
usi ng Beekmapd@@ishilsy), oh Hl3Rdvoitaibicglls tised atelfoiaed 4 y¢lerdi@siéon preventing
diffraction/scattering particle size distribution analyzer, Beckman Coul ter
Inc.) f¥monthatha refistivoindmechtln di aneter of 104 pm The precipitate was
filteregh S i [Wolal ideied at 60C to obtain a
spheri?gé7 hog%ﬂg¥h%3ﬁgﬁgg§h§§gﬁ&ggﬁéﬁggﬁggg%on. [0161] <Qoservation

Thr ough Scanlising tld extdrrsonuldor (&SCHBPESS-10, AM 1. TGemetntfaitmed bypheont al

phosph was_observed through a.scanni ng.el ectro i Cf 0SCO cel eration
ol ¢ aoBectE Gy EREE e CuRigHEr oot i G b 56 gh e S Stgfibaphor
was _SpRgid gbre nfo RN AR Lhobli8rBR0ALNARLIRCIE HHHEREOSERBLaftRS Shown

in FIG5. [0162] <Measurenent of Fluorescence citation Spectrunp
| n addinmddole, sealingarapengivelyewsisheeasuist byhas hNowurvedsaser QP 400 sppaptactmedat a

fl | h 21 . d . i
Spoct r SHED SRR Rt AL LD SR AR T e RisBel b R IRERUA, ¢ um was
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On a tenpered glass (manufactured by Asahi dass Co., Ltd., refractive
index: 1.5) as a protection glass was nounted the wavel ength
conversion-type photovoltaic cell sealing material sheet, and thereon were
nount ed phot ovol iai c.cells adapted to externally take out el ectronotive
force such t¥atmt plethanghpvas disgived Ut Phces of the cells faced downwardly.
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phosphor was spherical. A photograph of the scanning electron microscope was shown in
FIG. 5.
[0162] <Measurement of Fluorescence Excitation Spectrum>

In addition, regarding the spherical phosphor, excitation spectrum at a fluorescence
wavelength of 621 nm was measured by a fluorescence spectrophotometer manufactured by
Hitachi Ltd. The excitation spectrum was shown as a broken line in FIG. 7.
[0163] <Preparation of Resin Composition for Wavelength Conversion-Type Photovoltaic
cell Sealing Material>

A mixture product containing 100 g of ULTRASEN 634 (MFR = 4.3; content of

vinyl acetate = 26%): the ethylene-vinyl acetate resin manufactured by Tosoh Corporation as

the transparent sealing resin (dispersion medium resin), 1.5 g of LUPEROX 101
40



Claim 3. The spherical phosphor according to claiml or 2, wherein the
fluorescent substance is a rare earth netal conpl ex. Claim4. The
spherical phosphor according to any one of clains | to 3, wherein the
fluorescent substance is_ a europi um conpl aimb5. The sgherica

_ : ex. . O3
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parti cPBeetBpt ai ned by emul si on pol ynerization or suspension polynerization

of a vinyl c Py 3 heh nce is
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ek 255 AT e IR LE ok TRk oo,
cl ai s ghove@xdptandnausidgnbRPhérRal phosphor, a photovoltaic cell sealing material sheet
for back side was produced by the same method as above.
[0166] <Production of Wavelength Conversion-Type Photovoltaic cell Module>
On a tempered glass (manufactured by Asahi Glass Co., Ltd., refractive index: 1.5) as
a protection glass was mounted the wavelength conversion-type photovoltaic cell sealing
material sheet, and thereon were mounted photovoltaic cells adapted to externally take out
electromotive force such that the light receiving surfaces of the cells faced downwardly.
Additionally, the photovoltaic cell sealing material sheet for back side and a PET film (trade
name: A-4300 manufactured by Toyobo Co., Ltd.} as a back film were mounted and then,
lamination was done using the vacuum laminator to produce a wavelength conversion-type
photovoltaic cell module.
Additionally, on the photovoltaic cells used are formed a cell reflection preventing
film with the refractive index of 1.9.
[0167] <Evaluation of Photovoltaic cell Characteristics>
Using the solar simulator (WXS-155S-10, AM 1.5 G, manufactured by Wacom
Electric Co., Ltd.) as an artificial sunlight, a short-circuit current density Jsc in the state of the
cells before module sealing and a short-circuit current density Jsc in the state thereof after

module sealing, respectively, were measured by the I-V curve tracer (MP-160 manufactured

by Eko Instruments, Co., Ltd.) electric current-voltage characteristics based on JIS-C8914,
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Claim 15. The wavel ength conversion-type photovoltaic cell sealing material
according to claim 14, wherein a content of the spherical phosphor in the
resin conmposition layer is 0.0001 to 10% by nass. Claim 16. The
wavel engt h conversi on-type photovoltaic cell sealing nmaterial according to
cl ai m #ad adiffesence (Alsabbetwesrothrei was optaingghior eyadirdions sy é resltethedWpevat han

t he re6i4Q8c &si tion | ayer. Claim17. The wavel ength
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claims 14 to 17, the nethod conprising preparing the spherical phosphor
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whi ch e spheri ho or .is,mxed or.dispersed in a sealing resin; and
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produci.ng the photovoltaic cell nodule according to claim 18, conprising

pr epar SheptforcBaginfddengliededionaf SYayslengheCptversinolngifhoteapltaigeell i ng materi al
cceor IR B S gl rglaflnge 0 Lhe vevelenath
surface si deackarties gbatdMalct@cpecotograph was shown in FIG. 6, and a fluorescence

excitation spectrum was shown as a solid line in FIG. 7. The AJsc was 0.212 mA/em’.

[0169] Formation of a photovoltaic cell module using a wavelength conversion-type

photovoltaic cell sealing material including the spherical phosphor of the present invention

has enabled light utilization efficiency in the photovoltaic cell module to be further improved

and has enabled electricity generation efficiency to be more stably improved.
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CLAIMS

Claim 1. A spherical phosphor comprising a fluorescent substance and a transparent
material.

Claim 2. The spherical phosphor according to claim 1, wherein the fluorescent
substance is an organic phosphor or a rare earth metal complex.

Claim 3. The spherical phosphor according to claim 1 or 2, wherein the fluorescent
substance is a rare earth metal complex.

Claim 4. The spherical phosphor according to any one of claims 1 to 3, wherein the
fluorescent substance is a europium complex.

Claim 5. The spherical phosphor according to any one of claims 1 to 4, wherein the
transparent material is a transparent resin.

Claim 6. The spherical phosphor according to any one of claims 1 to 5, wherein the
transparent material is a transparent vinyl resin.

Claim 7. The spherical phosphor according to any one of ¢laims 1 to 6, wherein the
transparent material is a transparent (meth)acrylic resin.

Claim 8. The spherical phosphor according to any one of claims 1 to 7, wherein a
refractive index of the transparent material is lower than that of the fluorescent substance and
is 1.4 or higher.

Claim 9. The spherical phosphor according to any one of claims 1 to 8, wherein the
spherical phosphor comprises spherical resin particles obtained by emulsion polymerization
or suspension polymerization of a vinyl compound composition in which the fluorescent
substance is dissolved or dispersed.

Claim 10. The spherical phosphor according to any one of claims 1 to 9, wherein
the spherical phosphor comprises spherical resin particles obtained by suspension
polymerization of the vinyl compound composition in which the fluorescent substance is
dissolved or dispersed.

Claim 11. The spherical phosphor according to claim 9 or 10, wherein the vinyl
compound composition includes a bi- or higher-functional vinyl compound.

Claim 12. The spherical phosphor according to claim 11, wherein the vinyl
compound composition includes a monefunctional (meth)acrylic acid derivative and a bi- or
higher-functional (meth)acrylic acid derivative as vinyl compounds.

Claim 13. The spherical phosphor according to any one of claims 1 to 12, further
comprising a radical scavenger.

Claim 14. A wavelength conversion-type photovoltaic cell sealing material
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comprising a light-transmissive resin composition layer including the spherical phosphor
according to any one of claims 1 to 13 and a sealing resin.

Claim 15. The wavelength conversion-type photovoltaic cell sealing material
according to claim 14, wherein a content of the spherical phosphor in the resin composition
layer is 0.0001 to 10% by mass.

Claim 16. The wavelength conversion-type photovoltaic cell sealing material
according to claim 14 or 15, further comprising a light transmissive layer other than the resin
composition layer.

Claim 17. The wavelength conversion-type photovoltaic cell sealing material
according to claim 16, comprising m layers including the resin composition layer and the light
transmissive layer other than the resin composition layer, wherein when respective refractive
indices of the m layers are ny, n, -, iim-1), and ny, in sequential order from a light incident
side, thenn; <ny < - <nyy_1) < D

Claim 18. A photovoltaic cell module comprising a photovoltaic cell and the
wavelength conversion-type photovoltaic cell sealing material according to any one of claims
14 to 17 disposed on a light receiving surface of the photovoltaic cell.

Claim 19. A method for producing the wavelength conversion-type photovoltaic
cell sealing material according to any one of claims 14 to 17, the method comprising
preparing the spherical phosphor according to any one of claims 1 to 13: preparing a resin
composition in which the spherical phosphor is mixed or dispersed in a sealing resin; and
forming the resin composition into a sheet shape to produce a light transmissive resin
composition layer.

Claim 20. A method for producing the photovoltaic cell module according to claim
18, comprising preparing the wavelength conversion-type photovoltaic cell sealing material
according to any one of claims 14 to 17 and disposing the wavelength conversion-type

photovoltaic cell sealing material on the light receiving surface side of the photovoltaic cell.
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