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DESCRI PTION Title of Invention SOLAR CELL MODULE Technical Field

5[ 0001] The present invention relates to a solar cell nodule.
Background Art [0002] As a neans of solving serious problens of

gl obal warm ng and fossil energy depletion, solar cell nodul es which
are power generation systens using solar |ight have been attracting
attention. The current 10 mainstream solar cell nodule has a
structure in which solar cells conprising a single crystal or nulti
crystal Si wafer and el ectrodes fB I@™ waf er are connected to
each other in, series or parallel by a netal wring nmenber. [0003] The
confi gur ati ortige of In¥0EAN; onal soiar cell nodule will be 15

descri bed w fe e itgure 5. Figure 5 is a schematic di agram
for explaini %)];Xizoﬁm%@ﬁﬁﬁct ure between el ectrodes and a wiring
menber in a Bt solar cell nodule. In a solar cell nodule
200 shown i nﬁ%@é@@l?‘l@ﬂ nger el ectrodes 103 for collecting
electrgcity @g{;a i j sl j onver si on
body 1%1 of g@ g’lﬁggﬂrgsegl?%\{%ﬁbgﬁe%?sﬁop%%%fgﬁfggdg}&Cell are

provi ded on ®4d@rhunfcertvi ng surface of the solar cell, and a busbar
el ectrode 104 (hereinafter, also referred to as "front surface

el ectrode”) f0002jakisng nidags @@Isbm%@eﬁbaspfélﬂém dioglobel autminteand
formed on the finger electrodes 103 so as to intersect with the

finger el ect foskkerd®gyatepdetidm kolanggllemokintesowhich areapoeéisgediaraton
el ectrodes 106 are provided on a rear surface side of the solar cell,
and a bushar spitensresiagiwian Eghbhavel been tatwacting atentee Thecurtetiés

106 sp as to intersect with the éﬁlﬂr surface el ectrodes 106 at a
ri ght 1@ngl e. IeiBptraanapolae) qedl sneduler hag jay stryeivee tiad whick alato cgHs

st ot ort RUPRRORL o e TRl o P 1 S B Bt
ond Cand SontelREd R Rareh b Sobdeid feS IO e, M Sorl ot tglRt e

h h [ : i h f id h

hhother end. TB6Gh PHBRTGABECT he O P on betveen the front )

surface el ecgggggf TRE ddiFipMrati oYY ofBTRBAv&tidaAe sopiradelC Bldduls Qlitiebe

whi ch has a actory
15 described with reference to Figure 5. Figure 5 is a schematic diagram

for explaining a connection structure between electrodes and a wiring
member in a conventional solar cell module. In a solar cell module
200 shown in Figure 5, finger electrodes 103 for collecting electricity
generated in the inside of a photoelectric conversion body 101 of a
20 single crystal or multi crystal solar cell are provided on a light receiving
surface of the solar cell, and a busbar electrode 104 (hereinafter, also
referred to as "front surface electrode") for taking the collected
electricity to the outside is formed on the finger electrodes 103 so as to
intersect with the finger electrodes 103 at a right angle. Moreover, rear
25 surface electrodes 106 are provided on a rear surface side of the solar

cell, and a busbar electrode. 107 is formed on the rear surface electrodes
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10 conductivity and is low in cost, has been used (Patent Literature
1). Recently, considering environnental problens, there have been
known net hods in which Sn-Ag-Cu solder not containing Pb is coated on
a copper wire serving as the wiring nenber, and heating is perforned
at a tenperature equal to or nore than the nelting tenperature of the
solder 15 to connect the electrode and the wiring nmenber of the
solar cell (Patent Literatures 1 and 2). [0005] On the other hand,
for achi evi ng0Pesiu@siteniftersedswithr soipar sustepe riectoresr B @t ivorghh

ol ot o ahBourS SR eI il BioRRa ol &
R SR e B LA
the 11 ke | s dsioll SRR RopPSEES St REu L Broplh - Ruplol
been %Opose?oﬁti&f'lés cﬁHH[e. lg%ﬂ%éiwﬁfg“&r?é% §80dHGhE \éﬁﬁg%@ébﬂﬁec\e@i ch
enabl es el ectrical connecti by heating at a [ower tenperature

(Patent Litergtlifiee Bhisbal@cQRARUPET ¥R tAEhes MR thPoGgHRQVnhESThd N
which netal particles, as typified by silver particles, are m xed and

di spersed i nparfihebinsetdarnarihesbide (Aotsiaivec) atigathaendect i on is
achieved by the netal particles physically contacting the el ectrode

and the wiri (g00EnGenerAlyt or cohaectioel betveean e dronti sirfdeat enttrode
Literature [0007] [Patent Literature 1] Japanese Unexami ned, Pat ent
Appl i cation Ruogithe stitiog membeooftimesdaocell, solder, whichehas a patisfagtore 2]
Japanese Unexam_ned Patent, é@g‘lri_cati on 10Publication No. 2004-204256
[Pat el Lit ecandpeiivly sapaiselos i eseshi hasabean ased Abgient diifegature 1).

pat ent  Appl | SECEBT PR TIG R ELTmBe! BR10BE5 Riay FReR AT on
Techni cal ProbLgms in which Sn-Ag-Cu solder not containing Pb is coated on a
copper wire serving as the wiring member, and heating is performed at a
temperature equal to or more than the melting temperature of the solder
15 to connect the electrode and the wiring member of the solar cell (Patent
Literatures 1 and 2).
[0005] On the other hand, for achieving reduction in cost, resource
saving, and reduction in thickness of the solar cell module, there has
been proposed a solar cell module without the front surface electrode
20 (Patent Literature 3). Such solar cell module has a structure in which
the finger electrode and the wiring member of the solar cell are directly
connected, and a wiring member plated with solder of Sn, Sn-Ag-Cu, or
the like is used for connection.
[0006] Furthermore, there has been proposed a solar cell module using
25 a conductive adhesive which enables electrical connection by heating at

a lower temperature (Patent Literature 4). The conductive adhesive is
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[ 0008] Here, for achieving reduction in cost, resource saving, and
reduction in thickness of the solar cell nodul e as descri bed above, a
solar cell nodule without a front surface electrode is desirable.
Such 20 solar cell nodule is nore desirable when a solar cell has

| ess danger of damage such as breakages or cracks and is excellent in
-connection properties between the wiring nenber and the el ectrode
after a heat cycle test in which high tenperature condition and | ow

t enper at ure @oeRINpPFtionria whickr metaldpartiplesst asikypifindrhy pdvereparticles,

referred to just as 25"conpection properties”), [0009] Thus,. an,

obj ect of th@ffbr@é’éf‘ﬁf @ﬁﬁéﬂﬁp%ﬁe sy ¢ phermerstiing Jeskl cand  claplaiak
w thout a front surface el.ectyopde,in jch a,solar .cell has J.es

danger of dataediniacfed Bydhe dretal SliSiniinicdly edfiniss the
satisfactory connegt.i I rt] f heat cycle test.
Solution to Igfec%xl‘og%@%@Egﬁ?@g@%&@?{ﬁfﬂ%@iﬁﬁ% provi des a sol ar
cell npdule i i -éatplurality of solar cells and a wiring nmenber

for electrically connecting the solar cells are connected via a

connecting p‘F&tﬁﬂPLit‘é’P&ﬁﬁje” a plurality of finger electrodes are
formed on a Iight receiving surface of a photoel ectric conversion

body of the $00@7] PRitént Liierathel 1P Jaminees Uitexahtinad rRGedAPPliasid
intersect with the plurality of finger el ectrodes, and the connecting
portion on aPublicttioede. 2i008-208888ce si de conprises a nmetal portion
which is forned by allow ng conductive particles containing a netal
havi ng a nel {Patgnt efpteratuee e 2df Japaesor Ueseminede|Ratemtd Agpliegfzere i n
a resin and connects the individual finger electrodes and 15 the

Wi ri nbo nenberla;u‘)élﬁatl‘an?\&imoﬁ&%%ﬁ whi ch is conposed of the resin and

surrounds the_netal _portion ond t he phot oel ectric conyersion body
Snd tho i r 1 NEREEHLERetE 1 T AdeBAASRG LRNAENER| drateith | ARBHGREEN ¢ he
solar cell h ess d I ~af ge such as breakages or cracks and
sati sfact Ory%ﬁ&@hﬁgﬁ??wi?ﬁb?ﬁg%@“ es are achieved even after the
heat cycle t h pea fegt e :ed.

t he sol ar ceﬁ?at%guﬁg&g?ﬁlﬁedﬁresgﬁ&gnmﬁﬁlﬁg ?ﬁé@ntéﬁgf@&}: ear,
the present ipp@RhRss NQ2okoldwtsoone of the reasons is that

resistance to heat strain in the heat cycle test is inproved owng to

the resin poSummdas dfdnveasiont . 25[0012] A width of the finger
el ectrodes can be, for exanple, 20 to 400 [0013] The connecti ng

portion can Eechatiedd®ropletni ng a conducti ve adhesi ve conposition
conprising (A) conductive particles containing a netal having a
mel ting tenpdbeflf Heod, fo0achieving sednian naf cent, resfuses edving,j asd as
"(A) conductive particles"), (B) a thernosetti n? resin, 5and (C) a
fl ux acti vat agduction in thickness of the solar cell module as described above, a
solar cell module without a front surface electrode is desirable. Such
20 solar cell module is more desirable when a solar cell has less danger of
damage such as breakages or cracks and is excellent in connection
properties between the wiring member and the electrode after a heat
cycle test in which high temperature condition and low temperature
condition are alternated repeatedly (hereinafter, referred to just as
25 "connection properties").

[00069] Thus, an object of the present invention is to provide a solar cell
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[0014] It is noted that "nelting tenperature” neans a tenperature
measured by, for exanple, differential scanning calorinetry (DSC) in
the present description. [0015] The present invention also provides a
solar cell nmodule in which 10 a plurality of solar cells and a

wi ring nmenber for electrically connecting the solar cells are
connected via a connecting portion, wherein a plurality of finger

el ectrodes are fornmed on a light receiving surface of a photoelectric

conversi on boagdue withowon dont smuriace beairadeny whiebez splar setlabageless o
S nter sttt e Bl L o g SO S 0t
Contai hing & SHLTEROR: ORGP PR BT 10 Bial5aBR t65F) ecs (o
o ect r odes asiretien 4P EHebEiBNer . and a resin portion which o
crobs Zecti of0S}0F The preéchP AFEMAE BOAIY R BRALIP AR PEc o

finger el ecm‘l’lﬂﬁliﬂ d€ sbRREHs g ywiting MBMBeF for’Klesitallg ctdﬂnb&?ng

sol ar cell dul e,” the solar cell has Tess danger of damhge such as
breakages or ties agha @aBls s@ei sbaidcded wanaectimRoting opefiongSwheRin a
achi eved even after the heat cycle test. 25Advant ageous Effects of

| nventi on [ O@lfiklificobfidpegelectrotes medoentd ionvehghtweceiving sufacesoid e
to provide a solar cell nodule in which a solar cell has |ess danger
of damage sughotocléntnakegesrsien hoslykel tadselat calleilte witing saeinbends or y
connection properties even after a_heat cycle test. Nbreover, the

sol arl@el | noHENEeEFO @h o prigtent withiasmleizlibanal Hagereleciradefs andihe n

cost, resource saving, 5and reductjon in thickness, because of not
using a fronlcogﬂ?qtg&'&gpeﬁl%’t PBdaeﬁgg ’F@P“BB%&W%P? SHiEFOIBPLSRS, g dnetal

t gﬁfﬂ ur o be bt a1 Tl 8522 P oDt Moy e ';i X
re befill _ _ _ |
cide viow i | Fager S S rRASAETIon PR ETEY R00GISE 16y o TRy BEE '€

according to aggé‘egﬁ@i?%t reRPadH Bdhects the iﬁﬂﬁﬂﬂ@al:gﬁﬂl%eraéle@tﬁ‘b@ésgﬁﬁd
schematic cro ectional view of a connecting portion on a |ight

recei y§ng surhéeedriadfedbet;rdolradin @rtion WHickig@ubgipbséd oflfhefdsai ged
schematic cross sectional viewillustrating a state in which the

W ring menbemndssiprauridietheometal quortiont foveorad itles iphetoedegtris i donwersion t he
| i ght receiving surface side. Figure 5 is a schematic diagram
for expl aini h@%a( andrthe oviriog member.ur e bet ween el ectrodes and a wiring

nmenber in a conventional 20sol ar cel |l _nodule.
[0011] According to the solar cell module, the solar cell has less danger

of damage such as breakages or cracks and satisfactory connection
20 properties are achieved even after the heat cycle test. Though the
reason why such effects are exerted by the solar cell module of the
present invention is not entirely clear, the present inventors think that
one of the reasons is that resistance to heat strain in the heat cycle test is
improved owing to the resin portion being present.
25 [0012] A width of the finger electrodes can be, for example, 20 to 400

.




ULl |TPETEREI IR RILN L FE] e e I T B T R
!
;

Description of Enbodi ments [0018] Hereinafter, enbodi nents of the
present..invention will be described in detail, but it should be
construed that the invention is in no way limted to those

enbodi ments. 25[0019] First, one enbodi ment of a solar cell nodul e of
the present invention will be described with reference to Figures 1
and 2. Figure 1 - is a schematic diagramfor explaining a connection
structure between el ectrodes and a wiring nenber in a solar cell
nodul e accor (PG}t She r@npﬁ@ts@tpoeﬁbncnawegc fomnegdiry psing a conduntive c
side view illystrating nmajor conmponents of the solar ,cell nodule
accor di ng t o 26ReSipe ERMOSITLHBATIFIE: fA) ponduchiverpagticles woatiBmMEND of

the present enbodinment, finger electrodes 1 f col | ecting,
electricity g&t@f RN B m%tmssreaﬁép%rﬁugepﬁgf?&&g@cpﬁJ@S%cﬂlwaeﬂga%%
body 101 of i.ngl.e .crystal,\or | t.i crystal.selar..cell ar.e pravided
on a Tighe v Selerdileg SBRRLTSerPehe PRRIE ). B A teBappdtetett,

el ectrpdes 1 i a rear surface side of the solar 10
cel |, %nd a %ﬁgggﬁae "g’g%"%g‘%‘é&?m is forned on the rear surface

el ectrodes 1?@0 %ﬂg?fz %st %ottt ¢h @hlégilfl% ttaer ehfffe"S Fdéaﬁ@?ea eﬂeﬁﬁéf& %gfe;ach

106 at. a right Such solar c serial [y connect

other via a Wddsged"BIPeir ddaplEhdiffbfential ﬁ@éﬁﬁﬁ% Js%rﬁﬁétmquq i
the finger electrodes 103 on the front surface of the solar cell via
a connect i ngthédprepent desoripfibnon the |ight receiving surface side at
one end, and connects with the busbar electrode 107 on the rear
surface via §0¢uYIn€he ipnesepbinvientionGdsmpravides asolas el aeldé de wdiich
another end. In the sqlar cell nodul e 100 of the present enbodi nent,
a frofl surfaqduealiéy of salar gells and 2 wiringmeshes et eleelricely ponpecting
nodul e described above. is not present., 20 [002Q] Figure 3 js an

enl arged schditsolerc cglls &g ceompsted i Wiy 8r CHMECHBANROTIORy WHPTER R 105
oo o 10 EUARRLbE EaSHEHERodhs B Youh Pk Al il Sy B SKA o’
07900 or | PRIEIETHEAMRLAAE TR ind Wl defl, B b \RERERR S ©
Portion 10, "frafiped sooAPRs Htefiect RAM e HIARGEP O AN LIENCodRE) Be |
conners ed by cbiigedtRigboR it bO™ B8kt ARYIVIAE stRb3k SR t4rapridds haseml

shape of spreading froma side of the finger el ectrodes 103 toward

the wring neobiésn Wich Théomhed byl slbdwing canletive Qaridddy cbftaining 4 he
Wi ring nmenber 102 are bonded by the resin portion 11. The resin 5
portion 11 mmetapheiargE matingr feseseraturer &l 2680€r omllesst t@ melt and

t hernosetting resin. (It is , noted that the solar cell nodule of the .
present enbodBgrgeta it aoiesin aad compecischs individugldingasnelaptiredes and
formed by allow ng conductive parti.cles contaihing a netal having a
mel ting  enpéPePIHBESRemEEE 4 § e mOTHER (VHiRR % geMPgasc 0f e resin

renhetd and ZEPE R 18 RALDPL OB, ASe AoRRs (REPRCYH, tngretal

and the i ri B uRbef 8 hhge of SoRRHR EnFE PRt BRblois SEREHRAE s
5 genor al |y "Hor AR chBEoffhg (TR LEIaElecll MoMIED AR ot OEl HEE'
connection shECHMiger of damage such as breakages or cracks and satisfactory
connection properties are achieved even after the heat cycle test.
25 Advantageous Effects of Invention |

[0016] According to the present invention, it is possible to provide a
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descri-bed above as a repeating unit.- [0022] The el ectrode wi dth of
the finger electrodes 103 is preferably 20 to 400 um nore preferably
50 to 200 m Wen the electrode width is less than 20 m reliability
‘tends to decrease due to high electric 20resistance and breaki ng of
the finger electrodes, and when the el ectrode w dth exceeds 400 m
conversion efficiency tends to decrease due to the area of the
phot oel ectric conversion body becom ng narrow. [0023] Mbreover, the
connecti ng péolar eslirosdale inhehidhghsolas cellhasgless danger off dmnags such
ratio of the area of the netal portion to the, area of the 25resin
portion, [me@albisgkagesnpr[eiaskn aael (Wish, exhibitsr sabisfacterys copnegion
80/ 20, nore prefer.ably of ,20/80 to 70/30, jp terns _of the t al
portion andPIPRETHES PreThafter & Ssdisle 1 MveSide itlaine modgle,

nmedian line of~,he wirjn nber _in,a | ongitudinal djrection of. the
Wit ng membelt NRBREEAL INEPR; can dhkieve Htuchin It oSt THROUTPR s8R,
f th t al i . . i i

O o T2 A RS HHholilE GREGE! e R SRS RIS shios
metal porti OE}éc%old@r ge, heat cycle resistance tends to decrease.

[ 0024] The solar cell nodule of the present enbodi ment can be

produced by, Hreéf Béipiton b B rawihgwi ng met hod. [0025] First, a sol ar
cell having finger eléctrodes with a width of 20 to 10 400 Rmon a

li ght recei vidglBuFigace Isisle scheaptatindéabraieXts eapladridpcd icoanactiwsi ve
conposition described below is applied by using a dispenser in a
direction pespuotire bbtweenceletteoddsragera elivng muaiekerin & svdatt ¢gfhinodule
recei ving surface_side. A conductive adhesive conmposition is

simi 1y appreadinghta bempresant gabosii@ent-odes provi ded on a rear

surface 15 side of.the _solar cell, using.a dj,spenser, but the order
of application mayFiEaIads & srhematic Sa%?fmtlﬁ NG FRIGTLAMRIRNET

e et ods | 3gaRRSHES S5 AR SSRIRRIIhE b S RRGURBRACT L° 1
conductve aihestveiERUPES, et daAP Ly 406, LERRGRICL 620,
surface el ec%ﬁﬂgcgirg bé&iohlth & Hgﬁf re%@id%%%uff%é‘ﬁﬁe%? b lar BE1.

application ne the conductive adhgsive conposition Is not

limted to the methpgrdsungsaadi SARNEE] SGRSRARE dcrdBOV Sectidd] aviees een
printing nethod or a transfer nmethod nay be enployed. Further, the

conducti ve adiesiatingc @rpasé tinowhiely the R56ngl ineehbeet isopteviléd on a
el ectrodes but onto a wiring nenber.
conductive adhesive composition in the light receiving surface side.
Figure 5 is a schematic diagram for explaining a connection
structure between electrodes and a wiring member in a conventional
20 solar cell module.
Description of Embodiments
[0018] Hereinafter, embodiments of the present invention will be
described in detail, but it should be construed that the invention is in no
way limited to those embodiments.

25 [0019] First, one embodiment of a solar cell module of the present

invention will be described with reference to Figures 1 and 2. Figure 1



R T B e e R T R LI B O e R T RO P H T P LR I R L I RS R el

[0026] Next, a wiring nenber is placed on the respective conductive
adhesi ve conpositions on the light receiving surface side and the
rear surface side, and bonded by thernoconpression using a

t her noconpr essi on bondi ng machi ne. The tenperature at the

t her noconpr essi on bonding has only to be equal to or nore than the 5
melting tenperature of a netal of (A) conductive particles described
below, and is preferably 150 to 180C. _The pressure at the

t her noconpr es Roishearadicnéageanm fer explsiping, ® congedtian Kpuctune behgesn ne
for the thernpconmpression pondi ng can be to 30 seconds. The step of
t her moconpr e§¥icERdES AR FgVBRREEM PR sfg]a@ Cﬁﬁ FRiuls AgooTdeng ¢ the

ol ectrodee of he solatucell iaunol poncuctod ol vy Lo thed,
Tetod_ 4510 Sbl il AR, R SRS, s e L by
therr O”preéﬁibg'ah%n{h SETR] r(%‘ileﬁ'ﬁ)dﬁfe ‘i@@"cffth% ets%}ktsergbfadﬁe S
possi bl e to produce a solar cell connecting structural body, at’ i s,

a connecting ﬁﬁgéﬁ Elefrdled 20y fbf‘cél‘l‘é&fﬁ% él@cﬂcé’c?aéén%}/atéﬂ S MAnstR oS

each having el &ctrodes on both sides e electrically connected to

each other by ghigostettritOcdiR@RA68 body 10leoPhaseste pliadbMmanilti drigal

connecting portion described above is forned by this connecting step.

20[ 0027] Aft eolat kbell ara psevitedonrelght mwedivang kasfaces ob fier sifler egll rear

| am nated on the light receiving surface side of the solar cell and

the seal i ng seduace eledtradps dD6care myoviderh @kl nedr sutfacsk sisleent ther solar

| am nat ed on the rear surface side, and then, they are heated béea
fas

| ani ik or at celigmdiadusbaaledtieds 697 6 formrd anthenzer sedasnielectn
et eby a ot 1Rt MOBARCc: W lbgrsat cuetace clectiodes {HB af &Fgnf ™
It is noted tha%, hg %Qeﬂ@roq tion netEPd descgib dea o%g an .
exanpl e i n wWATEH: t RPCOANBE TG Por PRI SrnpRgter thearl Bhes i 2
surface si de&a;{é}ggﬁ&nb%?ﬂoi“? ﬁﬂ‘égvﬁin%iexgggl%g‘?cibﬁ dopeed p»f%h U3 A ghi'e

conductive a COMpOSTti on desc el"™ow was expl ai ned;
however, in bRRiodesaDs 6 thESrGRNAREINSE BRI bR RN 4% BRhectHd ace
side, the conE%JPiSe zﬁhesive conpos%#?on gggcribed bel ow i's %cﬂ é
necesparily géﬂ@br_ﬂ[ﬂds @ANhe didhe ResalyingesiR teaids abyn®EhE! ark Sdhects
nmet hods. [0028] Figure 4 is an enlarged schematic cross sectional
view i |l ustr afitinghe aisbhe elevtsakliec 0T hen whe iregr gerfaee +is Ppromhesthgon
the 10 conductive adhesive conposition applied in a direction
per pendi cul apottiont A88fém ey resrenrfasdeddeat ahether gmd. r duogheisotprsealf ace
side. A conductive adhesjve congosition 19 i s provided between the

n

phot oel ect r | B3aBHe dP9icdihe peRsenbambadithent; adrant sydpce elestrpde as sews
s o e LR G5 saTBS 103
Fou b B R e AR AR et P A o
A e
clear, the pE@ﬁLgngg\?iz%gﬂht%ﬁ@ﬂé%g?tiéﬁ‘im?)rc}o@i%gea HIetél%rﬁ?ﬁsl‘U‘%?éhthe

nmetal portion pe desc ove IS surface tension

of the metal jafhshDbigavanFRbhANCHRS PartRies! dhisidML g trh8] RAVinkd €s
contacts thelfnger eIZﬁirod%QQIOS.C ?%636? An exanpl e of aﬁgtﬁer

nmet hod for pigsltifsempeetg® &f 2081C or less to melt and aggregate in a resin;

25 and a resin portion 11 which is composed of the resin packed around the

metal portion 10. The finger electrodes 103 and the wiring member
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95nodul e of the present invention includes a nethod of conducting
bondi ng of the electrodes and the wiring nenber of the solar cell and
sealing of the solar cell at the sane tine. [0031] The nethod of

si mul t aneously conducting sealing of the solar cell is as foll ows.
First, a plurality of solar cells in which the conductive adhesive
conposition described belowis applied onto the 5 finger el ectrodes
on the light receiving surface side and the busbar el ectrode on the
rear surface 182dae geangrted dydhe metal poripmEhisad the metabhpgadipnst has t o
face the finger elegtrodes on the [ight regeiving surface side of the
sol ar cel| af Shage Qﬁépaﬁ@dm&frﬁpaaé@es@f the fegerslectiofesy Bpigmward the

end: 10" i { FiFRE BERAEG Bondltt PYEIOSIGEF POy g IS PERE T el (B ng
th bet w:BUrth | i iLpi I t hel i ght
Focer ving. suPYane BT 107 e HomtRachy ' Be 3o BEGC dghoting B

I th i In. - hand || QS Lp |
bl aced on thETSdt aur Pzt SPitelPs; ENERAANCY, Rufl RiBEr & i,
filmis placegekfibsehfhg ARirS€aq idHotedthit theold @1IShalfle dife ofit | S

heated at a tenperature at which the conductive particles in't

conductive agiffidigeapROSnly & coRlgrisend efetdlr peitiohewdichnRef@ted by
thereby the wiring nenber is electrically connected and bonded to the

finger el ect afidedngncarduuctivenparsicidsacentaidinghe imettiahaeinge br meétign
the rear surface side, and sinultaneously, the 20 solar cell is
seal ed with témepemitiriengt 286870 . onl kess o smetismd aggrepatat and) conmetits ithas
are, for exanple, 150 to 180C for 1 to 60 seconds., The pressure

condi¥Q ons adieger elecdsagiesl en the drontosurfavenmd the osringonemhess asd 2 he
i ri mber i.ncl ud Qu wire, atab wi d by dj ppi

bl at i ng o O TR PATIR WBrEHels COmBOssar o} ST AI8 ST UGS ahptFial o

havi tal _wiging f d | asti.c substr.ate, A f.th

o ass subst r RbEiomap, HeE s pRaislRatie FuNsHigh ppdy ARERLE Shifgrp) o

for ' ol ar_galknfPhhse, AU 65 86, BRALOGESITFI gL 0e 2

sealing resinu zZin ene-'vi nyl "ace e Ccopo r“resin

(EVA) or POl YR0Iyl RHE Mol ol AIRhAS & tHeBreREM BRbbAMd 18 SGIMAP 2

PET type mat a tedlar (registered trademnar PET 5

materjgl, ando@né®!of k@pfraPdnd @ﬁilﬁh@'ﬁ:@drdgﬁhﬁh%aihe 2ofn@diod structure
commercially avail abl e product thereof, a weather resistant film such

as tedl ar (videydrifddabtsovieas esipeptify @aitst er ed trademar k) manuf act ur ed
by DuPont is used. [0033] The conductive adhesive conposition used
for producti §0023] The el®twdearidile of theofinger elecirhdepl @S enpreferbblyi 2t
preferably conprises (A) conductive particles, (B) a thernosetting
resin, and (6 480fmyx nzerei prafasably] Td s L0Rgumhe ‘J%fhyn ¢ alestriode width

Femper at ur o of 150156y 20 049, THRER LR BFITo Sepsegr duests Bish Blectied.
When sych condughh U8 aRahiid liﬁg ot the ﬁ%eggr ieﬂactrodes, and when the electrode
width exceeds 400 pm, conversion efficiency tends to decrease due to
the area of the photoelectric conversion body becoming narrow.
[0023] Moreover, the connecting portion 105 on the light receiving
surface side has a ratio of the area of the metal portion to the area of the

25 resin portion, [metal portion]/[resin portion], preferably of 5/95 to
80/20, more preferably of 20/80 to 70/30, in terms of the metal portion
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15 the conductive adhesive conposition, it is believed that the netal
portion formed by allowing the netal to nelt and aggregate can forma
w de and strong conductive path, and therefore, it is possible to

i nprove power generation efficiency because of | ower resistance and

i nprove resistance to heat strain in a heat cycle test in conparison
with the case 20 of a relatively thin and fragile path fornmed by
contact between particles such as silver particles. The lower |imt

of the melti @gdttg.ﬁﬁematpﬁr@onfsecmn ecrabs sectidnecytglong momedianeline of
particles is not particularly limted, but. is generally, about 120C
[0035] Consi d@e ivigingnnendherdi: allongideliaak direption of theeviring membene
25metal int A), conduct.ive,partjcles 1S _conpose a al ot her
Chan Lead, AR L Bt fedessetB YoR-Fat b i ARRBSt of beSmaT Boydon
particles - .include an e ntal_subst e.an n onpri si,ng
e | east - one it atncre CLEREE FaRmm a5 Sn Rl s Bagibe
(I'n), ginc ( t:he .l | i : I ain
a conp%nent %%%Oﬁg&%t H?’g%ﬁéneléﬁqdrll{gt ?Penﬂgée)trlgﬁﬁﬁ reb% tgtel{)]ggtg Zl&t éb\r{o%é%t 85%1%
Ag, Cu, N, R istﬁhce?é?ﬂlstédEel%a ske in the range in which the nelting
tenperature of ‘the netal as a whole in the (A) conductive particles
i's 200C or | §9624ThYSSolaPr €15 ahbaliRc ofr theC ProRHt | @Abb&InMm&R chhybgan
be achi eved. [ 0036] As the nmetal constituting the (A) conductive
particles, specdidedady,or Swidp i oblosking mmethod.ng tenperature 1380),
Sn48-1n52 10 solder (nelting tenperature 117C), Sn42-Bi 57-Ag 1

sol der (el ti[002%]leFpet, at solar ¢albBhryingnfogexgdecnedss- it . sswadthded 20 to

(nmelting tenmperature 189C), Sn96-Zn8-Bi 3 sol der (nelting tenperature
190C) 10 Sn91- 200 senden @nbpht ngceivingersuriagce deCls, paepprete |INRE aze

preferred because these sol der show defini.te soJidificati behavi or
Pt tor ot CORGRCTOAQH Y FIRROPBRNAHATPSH DRNHE BERiRg BEIRaIE # od
agai n by coolj.ng down after nelting. Anpng. themeit i referred, to
(%6 Snd- B el T 3B befindliR0u, Mdinaer TedfiedsS o the
melting tenp re.: d al - 1N i I or
more. | fo0s7] TERG 1SSeHE SHuPs 8, A SRR TR ThisRiol 1€
particles isg: t i I gl tiaS i dUdE €L . o]
oL 2GRl L] sl dEchodi plot R ol slrfhct 0
viscopjty of sidicofgrdiatir ¥dl adhesd &i?g@ﬂﬁéﬁ%ttth@ Rrd@nsiSaplidafiohanse
and workability tends to decrease. t he ot her hand, the average
particle di aetarchofhat iee epplitmionvid fhertear sesfaex eletodddis ponducted
printing properties tend to 25decrease, and at the same tinme, the
connecti on r ebmabanéausly satsthecappdicatiando the fingenelsctrodes barthe light
inproving the printing properties and the workability of the, .
conducti ve adbegiving sunpesi tiden ort the sHeadugive adhesive” gpmpesiion ds
nore preferably 1.0 t um . Furthernore, . i.n view, of inprovjng

i i sl B st i o,
2 peti il sl eioh Py R Bt e e AR
ggﬁzhcﬁbgod%: cg of k;i{l]ilgm 3%&%1 anﬁﬁi@ﬁm‘{i ng) . f&g@gﬁl h&aﬁiﬁ ]

t he surfacepg:@ﬁp}?rs |%4T2§31n§§r17%%2€djd%ftﬁ§ Iggﬂlhlbgcﬁs%%g%atsie%?léa r(t;(%@ﬁg{r:m% ag

a netal such ggyva @AHaH krecH ?&ﬁﬁngaﬂﬁatﬁod et B FBATE dhethbll Py TBE al
menbr ane conposed of a netal having a nelting tenperature of 200C or

less as wel | eagplogaductiurthepathé ctariuetinposditestnd Yodipaitied anapae ng
a nelting tenperature of 200C or less, or a mxture thereof. 15[0039]

It is2ref er rapglicdaiot bhio themledtradesthut o) a wdndgahembeparticles is

[0026] Next, a wiring member is placed on the respective conductive
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such that the anmpbunt of the metal constituting the conductive
particles is 5 to 95% by mass based on the total anmount of the

- conducti ve adhesi ve conposition. Wen the anobunt of the netal is |ess
than 5% by mass, the conductivity of the cured nmaterial of the
conductive adhesive 20 conposition tends to decrease. On the other
hand, the anount of the netal exceeds 95% by mass, the viscosity of
the conducti ve adhesive conposition tends to increase and the

wor kabi 1 ity tdhesive coapséions. onthe bight recdieingosurfacegsidelanabihic tear of
the cured materjal tends to decrease because the amount of an

adhesi ve conpBHege isidehe ardcohgnded vebndndsimecemppessian ofising  a

relatively reduced. [004Q] It is.preferyed th t he anount of the
s, cony | it bodol IS4G e e ac
wen' he mmm&cweﬁ%%b@?%ﬁ@j Ol 18,5, A0St FRES it T
port 1 o descrr oo SRBIBELRG oFd M BE (AT Bhe iR R 8ed
menber becombelit Rt BERRD oML o B Gnen FRe PRt 7 Btie

met al exceedsh&aigdeynpresston %Bﬁdﬂigsmﬁbfefamsr 0.0¢ t6 NG WIPL uBd 3R ishey ©
conposition tends to increase and the workability tends to decrease.
Mor eover, t hdonthenfhiensiot@mpeddsiont orafing ant the 1 aur3diseainds) afTheasngls to
decrease because the ampbunt of the adhesive conponent in the

conducti ve adfiethemrocamprsiipnobondingebettweeal ther sdringdmenlbret hardnthie,
the ampunt of the metal is nore preferably 40 to 90% by mass in view
of fukd her i slncoodeg of itlee oplak apil lis ngt epndinted onbjuby ithe tyethédinsimera
nore preferably 50 to 85% by mass in vjew of _ 15 fyrther i nproving

t he nounti ngfh%moo?@mpr@w%m B %&r@édﬁ%erﬁn&l mayh bes cppdugipd eby a

et ween t he. fsifof i haESE ci e laSatioaS A o diib collt pigtged
di ) 4 i At h, zi d ik ich I f
(e necar ST R of e 0l Tl 2 SEEGR"
Solder used FICTARmARRIER By (heafe SoEaIPas BB8v Hl PEICH
Ther efore, \gpaélsibféetcf pEicech 88ldrogap cBfifledtify WrhbRgalMBARE $ e

r i
sol ar cell e bonded”just by nelting the netal having a r”retPtgf ng

t enperat ure ebn2&MBgoktrhensal body 2BoNABCHOPlRERRL b i Barotelldgadp! ar
cell nodul e cannot be maintai ned sufficiently after the heat cycle
test. In thehsvingreleetrbdemoiubethnfidehere pleetrtdl lyerdmdictesinto, edcheothenger
el ectrodes and the wiring nenber of the solar cell are electrically
connect ed by byhengizing poembers. f dnnthe present exsbadimens, (1 coonecting ve
particles to nmelt and aggregate, _.and hesi des, the, photoelectric
conver si on b@aw@hge&q@eam%pﬁg iydormed by Bhis SOBRRMAME HP-t he resin

P, O Bl A B e SRR AR
cycl e test . (Bolisht Reatng Bt SR TFedar SEN pR Rt el e St o
ok o B BRI B S
sel ected fr g%ﬁigfn%igﬁ%Agﬁéspd%reqﬁﬁﬁpw QMA%QP?‘%Q%Q%& gg’ge%lﬁ%{’foy
conposed of QViD }IPaNg6E 70 sBEorth! alrd aBNHeSRRL! fHeC oﬁﬂgpgﬁgtééxgﬁéide

an Au powder, an Ag 15 powder, a Cu powder, and an Ag-

powdels As asoppored bgldry alkmeinliabfram®, egdcherebreBllarvdzlicihodsleacan
silver-plated copper powder (manufactured by Hitachi Chem cal Co.,
Ltd., producbempmodlcdds avail abl e. [0043] Exanpl es of the (B)
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20 organi ¢ hi gh-nol ecul ar-wei ght conmpound such as an epoxy resin, a
(meth)acrylic resin, a maleimde resin, and a cyanate resin; and
precursors thereof. Here, the (neth)acrylic resin neans a nethacrylic
resin and an acrylic resin. Anong them a conpound having a

pol ymeri zabl e carbon-carbon double bond typified by the (nmeth)acrylic
25resin and the nmaleimde resin, or the epoxy resin is preferred.
These (B) thernpsetting resins are excellent in heat resistance and
adhesi on properti Bsis motddfthat, herthe rodudtéon niethodhalesorikediabovy, an
because the (B) thernosetting resins can_be handled in a liquid state
when di ssol vedampleinspavietethe ¢pragcing portionsorn & light resetieng swiacg B)

of two or - noBide S S on T e SRR otk [PBSRH o GEDE 08 camaRce
conpound havi aﬂ a %ol neri.zabl,e ¢ raqr?-car bon doijbl e, bond. Exanpl es
of suchdcorrpé_ VRSO Sgl%ﬂﬁ%%ﬁﬁ‘; aeéog’oﬁzﬁﬁlﬁ’f@,alﬁe ONEYFHadt P&t e
, a C . d .
£00851 Beamp a8 BY Y, Sofi MR orsRR bl sl FEy ke 3ids, SRRT R grive
acryl ate, et Mheﬁ%yé% ?;riﬂbﬂp& scﬁ%@&l?%lﬁw ii§0ﬂi’6t0flﬁlébeﬁﬁfi k€ sﬁ% ‘e

n-butyl acrylate, 1so acrylate, t-butyl acrylate, amyl acr

i soamyl acr Yl::@hﬁectﬂﬁf(ﬂay%rééh?év%dﬂye@thﬁf kaswlBé®odectyl acrylate,
2-ethyl hexyl acrylate, nonyl acryl’ate, decyl acrylate, isodecyl

acryl ate, |a[pg28JaBigurat 4, itr ufleenlarged yhaietnatitexadesy bectivngl avew
stearyl acrylate, isostearyl 15 acrylate, cyclohexyl acrylate,

i sobonyl acr yllhadtmtingj et stpteeme whighotheawisihgt menpwiryist bydvéded giy dled
acryl ate, polypropylene glycol acrylate, 2-methoxyethyl acrylate,
2- et hbkyet hy condugiies adhegivpueanpetitign aaplied an e,dlmtmnmpmcﬁymlenm

oxyethy! aor HiEEoncleiRgss 60 e TEEF orane SHoleRSHs Gk aoRgnEREe
Shyerhyt ot ieiPOSBRRRSINRS I RS TV Pl e BB
Gy Ayt acr SPAPESIQY bolE M1k Eyipk G5 Hndly Gelitoged, 103 BRER, ob B,
STl oxyet hy B EEMIAE  SERAETNAS! dd PART e BhikhbeP PIPNA frdind
monongs hacr Ybéh&u&ﬁf@%li}fési\#&c'dggg?d’ﬁﬁ‘ié}w 19 MBbhagTsks ahereghhlh, an

nmet hacryl ate, propyl nethacryl I sopr opyl thacryl ate, n-buty

net hacryl at e cohd@dtiie/partieldld@ aded Suxtactivitor I8edibsertad & the sl 17.
met hacryl ate, isoanyl nethacrylate, hexyl nethacrylate, heptyl
met hacryl at e[0€29])yThoeglntlvs yaaor wiy tiehgonreesing pfortion H&Sras sitosvn rony|
~nethacryl ate, decyl nethacrylate, isodecyl nethacrylate, |auryl

met haer yl at e Figutedbds tfommdwéz hepting theeradadive adhdsios gompesitionett vl
nmet hacryl ate, isostearyl nmethacrylate, cycl ohexyl et hacré’ll ate,

i sobor nyl neShawnyimdagu & HydEhpregeyigols met rakirglyaclear,pthe grespntne
0 ket nobdofebh 106 B S osdoRts CEMR AT iBiton 10 heving

2- but t hyl th I t hoxydi.et hyl I th |.at

e Eggﬁityé#ﬁﬁm%%«%@b%d ﬁﬁﬁﬂg%@%ﬁ%ﬁ@ﬁﬁﬁéﬁae&%@%ﬁ%f 1 |
ot hacr y1 at o SRR EREEY G 0 ATRARACE el s RATRRYY ETYLF BRectodes
2- benzoyl oxygphyl nethacryl ate, 2-hydroxy-3-phenoxypropyl -

met hacryl ate, benzyl nmethacryl ate, 2-cyanoethyl nethacryl ate,

y- net hacryl oXg@3dly Ant ekampld@fysidihae m@lllél&! fi‘)&"e}t)ﬂwhbﬁfg’ YhetsBlar cell

tetrahydrofurfuryl nethacrylate, dinethylam noethyl nethacryl ate,

di et h¥$ am noedddule nef taer plestiet, inwetnbiaar Hauges hy mqhod pbicendaéting
20nmet hacryl oxyet hyl phenyl acid phosphate. [0047] Exanples of the
di acryl at e chopdinglof thd aktetredes brddhewiciak mentbey lodtthe solar cell and

11
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tripropyl ene glycol diacrylate, polypropylene glycol diacrylate; a
reacti on product between 1 nole of bisphenol A, bisphenol F or

bi sphenol AD and 2 noles of glycidyl acrylate; diacrylate of a

pol yet hyl ene oxi de adduct of bisphenol A, bisphenol F, or bisphenol
AD; diacrylate of a polypropyl ene oxi de adduct of bisphenol A,

5bi sphenol F, or bi sphenol AD; anda

bi s(acryl oxypropyl ) pol ydi met hyl si | oxaneand

bi s(acryl oxypseapyg dhtersolan ¢adkatribe dametthye.si | oxane copol yner. [0048]
Exanpl es of the dinethacrylate conpound include ethylene glycol

di met hacryl af@03 4] Fheungthed of simpkancausly eanducting- $pakingeel Hie saler
e e A R SRS i b by
T
il ot 1o y1 af ieth ek 851 eSliEnt REKARBPANERS, G Bhd he buskar
i ot hacr yl at o8 B fhe MRAARTRTHAE e propaEyhia TRHRGThMReP s

bi sphenol F, 18ianBedRH@Rb NS the MiYey RIRPYI8H8n Akt tighPEdeBlin®kurface
bi sphenol F or brsphenol AD;, and a

bi s( met hacr ylsideyef they bolaplcyligreinaydsi hokadnelaed so2és to face the busbar

bi s(met hacryl oxypr opyenet hyl si | oxane- di net hyl si | oxane copol yner.

[ 0049] These ebaxtqdencts the ecarseufaremde of anotlorrdolaacelbat ahothen end,
more. Moreover, when the (nmeth)acrylic resin is used as the .

t her nb&et t i ngvitlesithe  tapplied c copdusiive maghesiveis semyrasitionr éntervenang | v

pol ymeri zed, or y be mxed with the (A) conducfive particles_and
the 25(C) fl thersbe r, Fagthermpse, as seplo é@lsl’élolsrrpiq%’a aRcihe light

oot 0 R T SR, A RS S USSR 0,
doubl e bond. it LS. q : . e
doubl'e bond, sl k3l BLSET =Byt oA IP raRACHSLAEs BRI LR, CORRTS O
pol yner i zat i Qga)l Qirtd AlGhe o the golgf gé‘ﬂ',' @@%@9&9&%@ filRf ﬁ;@ﬁ&&fjoh Phe/! EW
of effectively suppressing voids. Furthernmdre, 10 view I Mprovi ng

curabj{ity angalyAseesht Y I8tRN kiate, @F Whele andusledvar a0Refie¥aure at
conposition, the ©organic peroxide has a deconposition tenperature

preferably ofwhih tthe Léauctive papicidseimtieycaidudve adhefive ctffiibidn
Exanpl es of the radical polynerization initiator include

1, 1, 3, 3, - t et magtbtthgér pressire ps merged)-therelly thewaring meembertistwladticdiy vl
peroxy) cycl ohexane, 1, 1-bis(t-butyl peroxy)cycl ododecane, di-t-butyl
per oxyi sopht tenneesed angubgndedeiootey angaraalectraties oy thepbook sersace ait y|
2.5 i ot hy 115 6ubqt elairptie it g SurtiRyNE-Hil EaRggicously, the
R I
g{ |er ler ?rglr)é 0'c%rlxd{n%nzsoaoé)eP¥‘orn%}sc§mpiE?rI%Op{oefl§6@8|er 9 & &6 s]é%%ggf "TRe
pressure conditions are, for example, 0.01 to 1.0 MPa.
[0032] Examples of the wiring member include a Cu wire, a tab wire
prepared by dipping or plating a Cu wire with solder, and a film-shaped
25 wiring substrate having metal wiring formed on a plastic substrate. An

example of the glass substrate includes a whiteboard reinforced glass

12
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20 preferably 0.5 to 5% by nass based on the total anount of
conponents of the conductive adhesive conposition except for the
conductive particles (hereinafter, referred to as "adhesive

conmponent ™). [0053] As the acrylic resin, commercially avail abl e ones
can be used. Specific exanples thereof include FINED C A-261

(manuf act-.ured by 25Dai ni ppon I nk and Chem cals, product nane) and

FI NEDI C A-229-30 (nmanufactured by Dai ni ppon_Ink and Chem cals, .
product nane)with a dinplesiy assolanecl pasduleesibxampiesal daprpealingsresih be
used without ,any limtation as | o as the conmpound contains two or
more epoxy grlaayéei% ss%@&ﬁﬁ@@uu@ﬁ%ega%e&vem -éfusﬂ WAy eenalymer

L phonol sciEdh (£ REAEaLIRRAL ISR 3,08 kel s,
70 oy T AL, B R e
04 G A ATRL Y 6 e LD IOl bR RGN, 88810

name) ; YL- 98QstrRBMiAR B AthHNY pdGhaR R8s o WeAthsr fldistartt! flm sREPEYCt
nane); YDF-170 (rmanufdctured bit/) Toht o Kasei Co Ltd product nane)

which is a bitsflaen@inyl flvipfidep@sin)r §ebidterdd - 98Ferhak l&laﬁufabﬁﬂe@y%y
Japan epoxy resins Co., Ltd., product nane); R 1710 (manufactured by
M tsui Petrodhdfomrtdb usedlustri es, product nane) 15 which is a

bi sphenol AD tg e gﬁgxy resin; N-730S (manufactured by Dainippon Ink
and Cheni cal §0033bdibetcondneliveradlagsivescempbhsition used ddmpradygstion pdxle

resin; Quatrex-2010 (manufactured by The Dow Chem caL Conpany,
produk® “nanesolaymsell sl phie asesert ambpdisemiopieiarablycsomptises (A)

EocN 100 ( marsePAEEaYe ey s boA %@ﬁ%&?‘éﬁ%&ﬁﬁ and (65 Bafex ackimgor
EPPN- 501 Ni -Ki Co,
whi oh is & mipPRTLAR tera) RREPAFEERAN s trrbbdve pRERTS TR,
h Chem , ;
Mt sui Pot r olhie Sat A L s RRRtere) F 200°G (RS SRR BE, oo

by Japan epo i pvgggﬂ . s : f.agtured
by Dai ni pponﬁ?gr?iézckl %%ﬁgarﬁ E%Ihg?d'pro uctcs'tu Cﬁ?r@) “ﬁ%ﬁ%@%@%&%w
resi nihavi ng the Nettudele nedisdsel £ iodfipdsiiitia, 350G daHekdd 1BMO0Ghd hakfal

manuf actured by Dai cel Chem cal Industries, Ltd., product nane) which
are alicycli poefionormed by;alloviingGlie (metalifantelr @l byerblpsie apafiorm a
Chemi cal Co., Ltd., product 5 nane); EX-216L (nmanufactured by Nagase
Chent eX Cor povigeiamd stpmgoeaductive pathyandcheneenss dds poesibleytoNmprosupan
Chem cal Co., Ltd., product pnanme) which is_an aliphatic epoxy resin;
ELM 100 ( nmandoxésrugereraiorseiiicioney Geeanseapt dawer resistangs gpd dmpiane)

10 Kasel Co. ToPEnCY 5 SaRCARE R HATEFRAS. 2O b FERRASICH o Case
f d M, TSUBI M CAL ~ COVEANY, | .NC, d . :

530" af] 630L A RV Ao FaR S ek Gor et heesh Faidfes

product nare);, penagel 6201 (TRMIAGLIGGH By ubAdERE NGRS, of

Ltd., product name)” Whi I'sSa resorcl h type epoxy

EX- 211 (mnuftﬁgﬁﬂéﬁthmWé&ﬁ&% 700R 98 Bt Plrti A A Hi0R Bt

which is a neopenty type epo resin; acol
(manuf act ur edg }éng@g?scﬁ,ogheggngg Cor porati on, product name) which is a
hexanedi enyl gl'ycol type epoxy resin; Denacol EX series (EX-810, 811,
850, 851, B8210083D CdohsrlerBl environmental problems, it is preferred that the

25 metal in the (A) conductive particles is composed of a metal other than

lead. Examples of the metal constituting the (A) conductive particles

13
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20 and 861 (all nmanufactured by Nagase ChenteX Corporation, product
nane)) which are ethyl ene-propyl ene glycol type epoxy resins; and
epoxy resins E-XL-24 and E- XL-3L represented by the follow ng fornula
(1) (both manufactured by Mtsui Chem cals, Inc., product nane).
Anong these epoxy resins, the bisphenol A type epoxy resin, 25the

bi sphenol F type epoxy resin, the bisphenol AD type epoxy resin, and
the am ne type epoxy resin are particularly preferred because such
epoxy resi ns iedndaian elmentahsubgtancst apdrine allop woneprésingraf lgast one

1 the T or mUICATHOReTk SHlepieddomhs kSR BRIy (i 0L A1 GirsiZ e
;E:ﬁéréisi@@gﬁ%ﬁééﬁ%ﬁh? %ﬁ?@?‘ﬁ%ﬁﬁggﬁ@%@’%; '? 540335’%13(3%' _°V v
adhesi v 16 2Rt e el R Db Bl Qﬁn‘i@?ﬁb%’péﬁ@d
Sch Soxy” cIRE LER AL TR Ioith (R MEHL RRAEERC bENE Haditla
Spec {1 exapies heieo0l) LIRRYIR B snie o s booias figveia

Co., Ltd., product nane);” PP- nuf actured by Tohto Kasel

Ltd., 15 prggtisfactearebhnédddaOiliabilitd@an ban@hived09S (nanuf act ured by
Asahi Denka Co., Ltd., product nane); YED 122 (manufactured by Yuka

Shel | Epoxy K803@r Aduchenaneth] taRivdiatag (thau{Ast cordudtiveShparticiesy
Chem cal Co., Ltd., product nane); and TSL-8350, TSL-8355, and

TSL- 9905 ( maspécificallydSid2-BifiHissilles|(etiNE termperdtue 138AE€), SiMBFhes2:
are used alone or in conbination of two or nore. [0059] The ampunt of

the rEictiveseldetc@ecling tsanpaiate FaitGe, Sndl-BiSdsAghotolden (melting
based on ¢ he (EBPRECEHoUN] SHIO he SBSUEPAah SHBdeY | peedsRoy EmeiibEs0)
the (B). t her SBBFETHS 1L, SRIE PERBIERufe Bre baR flberiEo 6 *
conduct i ve agesiyf COIRRS! FhARNEOBHHSRINR LY, R nE' 1ReCUrd "9
preferred because these solder show definite solidification behavior

15 after melting. The solidification behavior means being solidified again
by cooling down after melting. Among them, it is preferred to use
Sn42-Bi58 solder because of its easy availability and lower melting
temperature. These are used alone or in combination of two or more.
[0037] The average particle diameter of the (A) conductive particles is

20 not particularly limited, but is preferably 0.1 to 100 pm. When the
average particle diameter is less than 0.1 um, the viscosity of the
conductive adhesive composition tends to increase and workability
tends to decrease. On the other hand, the average particle diameter of
the conductive particles exceeds 100 um, printing properties tend fo

25 decrease, and at the same time, the connection reliability tends to

decrease. In view of further improving the printing properties and the

14
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[ 0061] As the curing agent, conventionally used ones can be used
without any limtation, and commercially avail abl e ones can be used.
Exanpl es of the commercially avail able curing agent include H1 10
(manuf actured by Meiwa Plastic Industries, Ltd., product name) which
i s a phenol novolac resin; VR 9300 (manufactured by Mtsui Toatsu
Chem cal s, product nane); XL-225 (manufactured by Mtsui Toatsu

Chem cal s, product name) which is a phenol aral kyl resin;, MIPC

( manuf act ur eavasabidity hof chenicoaduetia sadhesivg, | comppsitign.odbe t avRIARY
15 which is a p-cresol novolac resin represented by the foll ow ng
formul a (I1) papiclyrdigneter isameradrarsedlyy 10 ts 90 rBwt siuthemars) &1

podct nane) bl 2 L5 AnGaLl Yislad ghonst novilac LR My
rane) a5 Bigel A S RS USRETAA ki (0 LD
2 @ {9065) L Sk b Sl P/ B 2060810 el v o
group, pref e%@rén}a%eﬁgﬁg | di netp i‘éraas?hlﬁyddtaﬂl'éﬂuﬁ% ANk QIFRAASGIT S

an integer fro In the formula (I11), R2 represents an

al kyl group, spitedriigglleyhcl (restmibthad M. Dof Handbky Mo & SIR3lting).
represents a hydrogen atom or a nonoval ent hydrocarbon group, and p
represents af0038leGae {(Apnechdumtibe pofitedds Thay abouobndictiviee partidleg
agent is such that the total anount of a .

prepared by coating the surface of particles composed of a solid

10 material other than a metal such as a ceramic, silica, and a resin material
with a metal membrane composed of a metal having a melting
temperature of 200°C or less as well as conductive particles composed
only of a metal having a melting temperature of 200°C or less, or a
mixture thereof,

15 [00391 It is preferred that the amount of the (A) conductive particles is
such that the amount of the metal constituting the conductive particles is
5 to 95% by mass based on the total amount of the conductive adhesive
composition. When the amount of the metal is less than 5% by mass,
the conductivity of the cured material of the conductive adhesive

20 composition tends to decrease. On the other hand, the amount of the
metal exceeds 95% by mass, the viscosity of the conductive adhesive
composition tends to increase and the workability tends to decrease,
Moreover, the mounting reliability of the cured material tends to
decrease because the amount of an adhesive component in the

25 conductive adhesive composition is relatively reduced.

[0040] 1t is preferred that the amount of the metal constituting the (A)

13
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reaction active group in the curing agent is preferably 0.2 to 1.2
10 equivalents, nore preferably 0.4 to 1.0 equivalents, still nore
preferably 0.5 to 1.0 equivalents, based on 1.0 equivalent of the
epoxy group in the epoxy resin. Wen the anount of the reaction
active group is less than 0.2 equivalents, reflow cracking resistance
of the cenductive adhesive conposition tends to decrease, and when
the anobunt of the reaction 15 active group exceeds 1.2 equival ents,
t he vi scosit yondudthee pantidiestis 36 wihEsi emeespesid onithe totdsamount of
increase and the workability tends to decrease. The reaction active
group descri Bl canduativieeadhesives opmppsitiont JVbem thaamaynt @ddhe anetal
activity with the epox sin, and an exanpl e thereof includes a
phenol i c hyd#%h?ﬂs %’uépg/gd{}b%@]& efents aulandgher dapk the sonnesinne

can be. used SITEHEGE CARPTISTE i POTCCHAG HEGHAR EPSITSP SUAYS Bof Lot
el ude Aok, 0Pk ™ St iR el shelfuly RSk R0h AnRirrbtaG) gt
COVPANY, NC. i ' ' i [ '

repr esent ed l?%/&tlk"%g%?gﬂ%ﬁw%ﬂmﬁ?%wéﬁéﬁ%@ﬁg@%gwg I?razﬂr}gs%%teﬂr ed -
by Asahi Chemagal whafWsd EotRt of tHedmetad eRELs IRADY MBLS fhd Fistosity

m crocapsul e type curing agent 5 conposed of a reaction product

between an ep@xthe’ eshuchet adhasiveecaappsitiod. tehidesty dtédengs and the
accel erators are used alone or in conbination of two or nore. [0067]
[ Cheni cal Fomnvorkabidity @6ndsd td devjeak2N- Mér€oRet; Chdlihdiintiy téllabilityr ofil a
(IV), R4 represents a divalent aromatic_group or a linear or branched
al kyl Hhe gr otipe traredryateriabtaglsdardsorease basausperibe anxhing obhthe ediyeséve
group or p-phenyl ene group. [0068] .The amount of the.,curing . .

accel erator c8mpOEERt o yt%é gendyctice IVgy GRRROSIHOR elsprietatively v

e T
O oL 0 YR A O R A
Lends 10 LnCheasen Al ADGARRAPLILYCAS S0 300Gl by of

comefgial ly i i i ili N&LERR h
manuf gs:ct ur ed f%f;ﬁél_%%ﬁgfbo% tg‘g\Lﬁlgﬁl%{LlJﬂ %H%%h%%hé %}lgguﬂé? feﬁfaﬁ?fegmd

whi ch are or gglloper® prefe Bisto BBY by-10ASLER vih Bf fBbvildQ gendl
5002 (all manufactured by San-Apro Ltd., product nanme) which are

tertiary am hatme betvean theeheatfcycle resistance and coating properties using a

dispensetr.

[0041] Bismuth, zinc, and the like which are examples of the metal
20 having a melting temperature of 200°C or less are thought to be harder

and more fragile in comparison with Sn-Ag-Cu solder used in the

production of the conventional solar cell module. Therefore, when the

finger electrodes and the wiring member of the solar cell are bonded just

by melting the metal having a melting temperature of 200°C or less, the
25 connection properties of the solar cell module cannot be maintained

sufficiently after the heat cycle test. In the solar cell module of the

16
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25CUREZOL 2PZ-CN, 2PAMHZ, Cl17Z, 2PZ- (K, 2PZ-CNS, and Cl11Z-CNS (al
manuf act ured by SHI KOKU CHEM CALS CORPORATI ON, product name) which
are imdazoles, and the like my be used in addition to or instead of
t he products descri bed above. [0070] The anount of the curing

accel erator just described is preferably 5 20 parts by nass or |ess
based on 100 parts by mass of the epoxy resin. The anount of the

curing accelerator is nore preferably 15 parts by nmass or |ess.
[0071] The cprésegt a@@ﬁdgnamthmﬁng@nﬂﬁ@@&ea@@@omlr@@e@m ofi e

s conuets RCAIL L el v By i Sinty s, of
T il R il
ol yether e BFHIEk e e o e 8 Rl D d 0B AL B3t Hre

Pher gl st ofSed 1Y HRPRestiHorlibn ScRiReH B (1R iR CTHhERIGIL iR,
used al one OpokilbROTDI RASIVENHY britleRiss Brmoh0&Y the ThRtATIMEn@fa t he

(B) thernosetting resin in the conductive adhesive conposition Ts

preferably 1tk Yerpere® oI MPoLIRE 2R Ympred theR¥isiincBRS heat
still nmore preferably 10 to 30% by mass based on the total anmount of

t he adhesi vesiranpiontheteaf Oftdtesthe (C) flux activator is a conpound
having a function of renoving oxidi zed nmenbranes forned on the
surface of t(@0423) Itde matest that cpndudtitespartinkestdoaases el metaldravingrown
conpounds can be 25used without any limtation as long_as the |
conpotthd doeg meltinghtesnpespirgihighenthan #4036 meachs spedin cpmbimtion

h [ . in. I f h d ipncluyd i.
Fesi e comBithdhh 0 FGTRUERY® BRACIET oLRRRPeoRE FAF bRSYIOG B up,
| cohol i G,.h I in.th I i basi id
P T S U el s R B B
9005 | i ' _ _
g?iat hyl - 3- plr %‘B{;I%gu{ig? N%’ngf%‘q’ %ﬁ%%@ﬁéﬂﬁ gglbgl‘%ﬂ msgd OE t(‘:vé)rr%%und
having a car Hﬁi&l&'of&h@?ﬂe‘uéﬁdaﬁd%Qéiﬂéﬂxaﬂfggiﬁgiﬂbgldiﬁ?ﬁh;ﬁ%vdﬁﬁﬂn Ag

particularly, an aliphati p’_di hydroxy car I's preferre
becauge suchpeoieeuny €xhigyvidersaindf aet digiplatak @at ipoviderand Ayasa

satisfactory reactivity wth the epoxy 10resin used as the (B)
t her noset t i ngonesemialSpevailiblel byodurt,c SVMAOSK" r whicks éntee dilvgr-plaged
followng formula (V) or tartaric acid_is ﬂeferr_ed. c[0075 [ Chem cal
Fornul a 5] Re&opper powder (manufactured by Hitachi Chemical Co., Ltd., product
'name) is available.
[0043] Examples of the (B) thermosetting resin include a thermosetting
20 organic high-molecular-weight compound such as an epoxy resin, a
(meth)acrylic resin, a maleimide resin, and a cyanate resin; and
precursors thereof. Here, the (meth)acrylic resin means a methacrylic
resin and an acrylic resin. Among them, a compound having a
polymerizable carbon-carbon double bond typified by the (meth)acrylic
25 resin and the maleimide resin, or the epoxy resin is preferred. These

(B) thermosetting resins are excellent in heat resistance and adhesion

17
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HO (CH2)---CG (CH2)-OH (V) 11.1 In COOH [0076] Here, in fornmula (V),
Rs represents a substituted or 15 unsubstituted al kyl group having 1
to 5 carbon atons. In view of exerting the effect of using the
conmpound represented by formula (V) nore effectively, it is preferred
that R5 is a nmethyl group, an ethyl group, or a propyl group.
Moreover, n and m each independently represent an integer fromO to
5. In view of exerting the effect of using 20 the conpound

represent ed ipyopaties) and \urther,eexddllent i inethe, workalslify dfeeausedthehdB) n
is 0O and mis 1 or both of n and mare 1, and it is nore preferred
that both of theramsetiing gesins (@D by hapdladpines liguid a@ta:whpmcﬁssolved or

represented by fornula (V) includ 2, 2-bi s(hydroxynet hyl ) propi goni c
acid, 2,2-bi 9‘{ %e%nmrg@u@aﬁﬁw@nfaés deegsg. 1 eme) t{iennosettmg

i fect of ¢ heSHPE B RrIRAALR dfe BEtPlo ABGYBTHRA ETL0F B4 PLEIGTE. ¢ ne
arount of NS0k T GRGYINELEY da T hesha R Sbool RiE £
having a ol poNintSERAE A Rl BBAC, BRIESBondlr ( IBLIRIES bR Mgl ©f

t he storage Ity and conductivity, tThe anount 0

activator is cBRfRuRdetRd1as Ya ﬁn@n&&r{g%tgaéélﬁggdn ,135%0%%’:5%?&?@“”'[

of the (C) flux activator is less t .5 parts y mass,

nel tability ebnipgeRndeadiadrplatdoropdundahidri dittethatiylab onipRpd. t 0
decrease and the conductivity tends to decrease, and when the anmount

of the (O fI[0845cExamipdss efcehds nishamarglatebycommssund Heackider agethyl
stability, the printing properties, and the coating properties using

a di shenser werdatep atbyl eardate] 5propyd]adrplate)disopoopstl oattybate.o mpbwtarht s
descri bed above, the conductive adhesive conposition may conprise one
or nore addi erpdates cisebyly 4%@@»@' uﬁcédﬁ'@i AMYg aﬁfylates | isgamyl ity
P 9, 295 L S B R e
2gent . N 8AKE! RIS A8k, Bhed? AR SRR Sl o1
et oo oIBR8y SR Chok e 35 el MURTH 001l A08AL
00820 cnScper LN, EFB QU GIENIBANR oo
" NI SSO- PB- C- 26804telgialy@hiene dglg¥oNappfate Sqidyzopylehb dglycolaerylate,
2-methoxyethyl acrylate, 2-ethoxyethyl acrylate, 2-butoxyethyl acrylate,
methoxydiethylene glycol acrylate, methoxypolyethylene glycol
acrylate, dicyclopentenyl oxyethyl acrylate, 2-phenoxyethyl acrylate,

20 phenoxydiethylene glycol acrylate, phenoxypolyethylene glycol
acrylate, 2-benzoyl oxyethyl acrylate, 2-hydroxy-3-phenoxypropyl
acrylate, benzyl acrylate, 2-cyanoethyl acrylate, vy-acryloxyethyl
trimethoxysilane, glycidyl acrylate, tetrahydrofurfuryl acrylate,
dimethyl aminoethyl acrylate, diethyl aminoethyl acrylate,

25 acryloxyethyl phosphate and acryloxyethyl phenyl acid phosphate.

[0046] Examples of the monomethacrylate compound include methyl

18
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the flexibility inparting agent is contained, it is generally
preferred that the amount of the flexibility inparting agent is 0.01
to 500 parts by mass based on 100 parts by mass of the total -anpbunt
of the thernosetting resin. 5[ 0081] For the purpose of inproving the
adhesi on, the conductive adhesive conposition may contain a coupling
agent such as a silane coupling agent and a titanium coupling agent.
An exanpl e of the silane coupling agent includes product nane

"KBM 573" namuthatiylatd, byth$hi mdthsarylangm mabylComethdatylahd)r evgropyt or
t he purpose of 10 inproving the wettability, an anionic surfactant,
a fluorosurf axtthadrylate, tirbutylk enethgctydatepnisabuyd nnethherytaseduehutyk
adhesi ve conposition. Furthernore, the conductive adhesive

conposi tion migtheolaen amyill | mefwcoylateyr ishemyl k enethactydatent iblesahi ng
agent, or may contajin an aliphatic ester such as castor wax obtai ped
by hydr ogenam‘ﬁgaqy & BeDoi | methacegat, 1aaibm awi@@n%ethﬁb exyl

ot o ng AR L Pontl bbbt l el Nl BTER. TS
i i 1. i Ltiv

Co o7 o Sty Op i | BB R bl OB RARL bR T @
amount of L NEARAAYHL VSR SALIECLATBONdst byl AAHRAAN S Ay cRIMRPE! N

the workability _e’ pr ron the conc _
conposi tion andheQ4t89ideBbEAR! Mitacflatd) Cdibitier® gliicd] URBtha

b s Sl
can be contained in the conddctive adhesive conposition as neéded.
Preferred exaobletlylehe tiptoldedestiyliats! ptflzpﬁfpy@érﬁaaglﬁ& Gh¥abrylae ng

a relatively high boiling tenperature such as 25butyl cell osolve,

carbit®l, bulymetimixyetinllve asetlmteylatear bi thkthasgethye, dimethayhydate,
gl ycol nononet hyl ether, ethylene glycol diethyl ether, and

ct -t er pi neol 2-butoxyethybfmethagrilate; mbdhogydisshylene glysohimethacrylate,
anount of 0.1 to 30%.by. nass based on the total  anpunt of _the

conduct i ve adMEBoXEUBeBYiane; ghycol opmthactilate o diyeloneaterh e sxyethyl
conposition ?@% conﬁPzi n,a filler f Exgngl s of . the Hijliige{ incf udf
pol ymer par t figthactylate, 2phenpxyethyl mgfhacrylate, pheaqxsdictaylengqelyco

. . ! o . N/ Cur i de.
o untna, - ana a1ty o A RERB RIS PRS TSR "l HECH " THORRRBIAE of
t . t i

S E g e R F S L S o S

[0085] The cesmp 1a%ede%ﬁlgg§d Iﬁ%‘é@?%@ S@chﬁﬁ@éiwfhrq}éﬂha late,

di ssol uti on, decoagul ati on ading or di sperston, eati ng as
needed at ong.thitHacslokyetByP! UrtihidiNo®fsilans! al Igipeisl andefhaerlatehe
conductive adhesive ‘conposition of the present enbodi nent is obtained
15 as a past ¢éetrahydnofiinfirie oocthenrghits, adenelbykeninedthybi froethayrylate,
Exanpl es of a_di spersing/di ssol ving apparatus used here include known
stirrers, knda@ibyg,mmoe b ntﬂth@,rygm phethecadgxystielr sphosphajeoo@s] | n
view of the pripting properties, and the coating properties using a

di spetle: th@%ﬁﬂ&W@)ﬁ&h@@Yb@iéméBmtﬁon is preferably a 20

can be pr odubOU Dy BERRRR: S iasTyials CompeRt,PEle SOETS: EBREL by
and t hor ef or Sraeryg DO bB BT S ialethe: Lirimanidal | niepdIae
ber pages or  drsEpRaRbE iy WaTRARATEL dhdlfied ficheRPIEh B
conventional J5ph-8fat&eliettiREM Slycol diacrylate, triethylene glycol diacrylate,

25 tetraethylene glycol diacrylate, polyethylene glycol diacrylate,'

tripropylene glycol diacrylate, polypropylene glycol diacrylate; a

19
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produced by connection at 260C or nore using Sn-Ag-Cu sol der.

Exanpl es [0088] Hereinafter, the present invention will be
further described with Exanples, but it should be construed that the
invention is in no way 5limted to those Exanples. [0089] (Exanple 1)
[ Preparati on of conductive adhesive conposition] 26.7 parts by
mass of YDF-170 (manufactured by Tohto Kasei Co., Ltd., product nane
of a bisphenol F type epoxy resin, epoxy 10 equivalent = 170)
serving as (Bpacidnherotset betveenedi molg. af daspleenoy Andsisplier@iP4Nror
(manuf act ured by SHI KOKU CHEM CALS CORPORATI ON, product nane of

2- phenyl - 4- wbﬂ&;ﬁjenﬁi dabblanyd Sermpley af glysidylr aeiylater diseraiase , ofiral
2.1 parts by ss. of BHPA (2, 2-bi s(hydroxymet hy|) propi gni c _aci d)
serving as (@?’?ﬁéﬁhﬂ@ma@ﬂﬁ%@@éﬂcﬁs&g}l@mﬁédﬂ\, éw&ﬁﬁa@s& of frshigRoh

S M N T e g
di 20 nx i : i A d i
oL 20, Bl TP P TR () e v
o oy IR ORI GO ol o i vy

defoamng tr gglzg,ﬂ h&Ssel j LAg a
vacuum m Xi ngﬁga(n %@Q’&?ﬁg)ﬁ%m}ﬁg aﬁd&&@lmé%ﬁﬁjﬁql@bgdhesi ve
conposi tion Jag4PbEabfples 49 8RO dimbéfMaeduste eompbundl Riclhed letiylbhe t ab
wire] The |iquid  conductive adhesive conposition obtained above was
applied in aglyoddctimethperypsiadi lgdibmtartedidlr dithethacfydate, f1,64=xanediol

el ectrodes (material: silver glass paste, 0.15 mmx 125 g;% formed on
a lighd receidimethesuylatese of,9mmahediotel | difk2iBaarplate,1251 Frputahédivhess
310 iim and at the right back position of rear surface el ectrodes so

that the 5 afdmgthesryleice seepudyh igrcolaglimethacyylaia.i disthylaae oglycnb
S e e S R e, el 81
& ectrodes natmrieLlof motisthiBRL el@S L RREEuRR iPromeE ebiet eon
Fher mocomr e L SHAS IR SN PrIshE R ML FRERER  SAM ApltEh i °
of 1506, a | eRfwein G- molik BT i%x%éh@' dis ﬁgxg&lnP & bﬁgh&%aom a@@

sane treatnent was conducte el ectr es on t rear surface of

the sol ar celphplea™d gifcidgl methadrilits ditdetledriRteMbf B fAPethhlopeXige

pr oduced.

adduct of bisphenol A, bisphenol F, or bisphenol AD; a polypropylene
oxide <adduct of bisphenol F or bisphenol AD; and a
bis{methacryloxypropyl)polydimethylsiloxane and

20 bis(imethacryloxypropyl)methylsiloxane-dimethylsiloxane copolymer.
| [0049] These compounds are used alone or in combination of two or
more. Moreover, when the (meth)acrylic resin is used as the
thermosetting resin, these compounds may be used after preliminarily
polymerized, or may be mixed with the (A) conductive particles and the
25 (C) flux activator, and then, subjected to mixing and polymerization at

the same time,

20
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15[ 0092] [Evaluation of-cell damage rate] The exterior
appearance of the solar cells with tab wire was visually observed,
and presence or absence of breakages and cracks was confirned. The
darmage rate was evaluated and the result is shown in Table 1. In
Table 1, the denominator in the cell danage rate represents 20 the
nunber of the evaluated solar cells, and the nunerator represents the
nunber of the solar cells in which damage such as breakages or cracks
was confirmed00f00IBher Con{B) tedriranetingcresieds comppsed iofrz] compound

An epoxy resin was casted so as to cover the whole of 1 set of 25the
sol ar cel | whakingb palymetizablemadbetbosmdbonadeiible doods itsis qurefenred) that
connecting portion when cut along a nedian |ine of the tab wire in a
| ongi t udi nal tAer econ@icte t ehesivew compasitisnf i gorBREiseshe acr dgedical

of the cr ogs POUERPOREAN JRuAoRerAs! BETRGET 1P Y e GaHpRr AP
cross section_of .the ‘ad.li acent finger elect rg&&c?s ne: obsekvat i 13{1
unit. Wen tﬁ’égarfi“ﬁg&@}"%d&%cﬁrf%e&%@g B Vieg of TEEY] STHRICTSHE VA Swi r e
are connecte t ; k.al . | [

area ratio bg“t]‘%ggmgﬂr’fe@;w lggégf ihggr%ﬁé 3@1‘?"%@%%‘2& %ﬁsndg)g{t&eﬁ%bgﬁp(oﬁg in
conversi on begy (g REEpadeife Sorio it 160 SHhd Prgibofa 4 °
[ Product i on Qfec§f?ﬂg%§itf&1! !erxéﬂ@é‘ﬂt@& referably 0% BP{R1 70, mbkd Prefefabry r e
produced above was prepared, and g seal ing resin (nanufact tired by

M TSU CHEM GAISS toARRRO.NC, product nanme: Sol ar Ever SC50B) and a
protecting film (manufactured by KOBAYASH & CO., LTD., product nane:
koba t@ch PV)00&tExanipes naf etheornrativel r patymenifamsn sindiatof (ddudel ar
cell, and a sealing resin (lmanuf actured by M TSU CHEM CALS FABRO

I NC, Sol ar EVel.35cSeBamatylabytyds pex@no Xethyd hexgneaje, wéylebistinbutit ed

on the light receiving, surface sjde of the solar cell. The |,am nated
body thus obPET9mEHC hﬁ?‘@%did“‘i’lﬁ tbupsk e Xy elededeqansy tncewybd

cont act od 22%%?3%@%@%??3 ?dt?lﬁ%ryﬂigeml%%&é?? B@@iﬁé&% &g-thite
arm nat or v as SR eheat Priotaie OB PoflERiel T obRr o herane,
pressyse of b alambar, H0SMAhES LMY LAdIELAGA solgn cel Lyapgyl e.

25[ 0095] [ Conversion~efficiency’ and surement, heat cycle test]

An |-V curve 615‘&05&16@" NEbsE OArar u&Rl hldRAYF nV\esmBRASBheHSf o BB N9
a solar sinulator (manufactured by WACOM ELECTRI C CO., LTD., product
name: WKS- 155%efk), AM 1.50), and a fill factor (hereinafter,
abbreviated to as F.F) was obtained, which was taken as an initial RE
(0 h). Moreo6652hiThetemountne thehedivah pelyghenzatidn miigatoy isvasefdrably so
obtai ned. Next, a heat cycle test in which a cycle of -55C for 15

m nutes and Gt &0% Dyniass,emovmpraferndly 8d 1930% byemask stiflemiose ned
on the_solar cell nodule. ‘I(;he F.F of the salar cell nodule after the
heat €Ycl e t aselarallyfbadoda byiwrshbased emihentosal smoyniogiocomponetty; e

of FT change fore and after,the heat cycle test (AF.F) was 10,
Obt a1 ot b e U pBReR s FdRElEs FompoYeRRERpPt 0T thePariictives

used as an evaluation indi-.cator. If is, ed that engkally, AF.F
value of -osooartigiss Cbretarks dferred e’ fa0RhESys PwdlBH) comnect i on

reliability. [b@@?fshs( @&%ﬁé résih? cgl)nmerciaﬂy available ones can be used.

Specific examples thereof include FINEDIC A-261 (manufactured by

25 Dainippon Ink and Chemicals, product name) and FINEDIC A-229-30

(manufactured by Dainippon Ink and Chemicals, product name).
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15Conducti ve adhesi ve conpositions were prepared by the sanme process
as that in Exanple 1 except that the conpositions were those shown in
Table 1. Then, solar cells with tab wire were produced by the sane
process as that in Exanple 1 except that the obtained conductive
adhesi ve conpositions were used, and eval uation of cell 20danage rate
and confirmation of connecting portion were conducted. It is noted
that, in Exanple 7, the thernoconpression tenperature between the
finger el ect [0084] AscheRpowy resig, keowarcongsouidl Can[0as&d Witheut/ sy
solar cell nodul es were produced by the sane process as that in
Exanpl e 1 exdigpitatioraes ldng abthe ertpewidconiainstiwe ohmaes cPOWY rEyoups e
used, and the AFT before and after the heat cycle, test was neasured.
The resul ts aRé@ngABAlsculs. Tabiagpes of such epoxy fesin include any egpoygy resin

Details of the materials, | n,_Tabl e as f T it of
ol endi ng.  at (TP CROTCOPRRRAN 1A, PROFSBRIGEID RSl A By OF o€ Hkepad 70:

bi sphepol F t epexy,.resin, product nanme manufactured by Tohto
Kasei %o Lteéfca%%%x&l?: am ne type epoxy resin, product nane

manuf act ur ed .S G : - : iljkot e
828, product [Qg%g %ﬁfaﬁofﬁg%s%{%éﬁgﬁrepo @%ggﬁafggo@cﬁf?g&%d '

2PAMZ: 2- phe ~4% Mg dygi.- i .
10SH KOKU CH e@L@%@%f N MR hy@rzomx[yiﬁneiétft;ltleyj‘ By Pleahi .
aci d 2, 5- DEARhcafealxehisith A0h. PLEA apH oS ARE) SiicIBiv2bBLhBnobAdgpe
particles, average particle dianeter 20 um nelting tenperature 138C
15Sn40- Bi 56- 2péxy Seélhr; BRSEDIZ(thasofcdeuredaly i Japas  epaxer aginsp&d | the,
dianeter 20 um nelting tenperature 130C

10 product name); YL-980 (manufactured by Japan epoxy resins Co., Ltd.,

product name); YDF-170 (manufactured by Tohto Kasei Co., Ltd.,
product name) which is a bisphenol F type epoxy resin; YL-983
(manufactured by Japan epoxy resins Co., Ltd., product name); R-1710 .
(manufactured by Mitsui Petrochemical Industries, product name)
15 which is a bisphenol AD type epoxy resin; N-7308 (manufactured by
Dainippon Ink and Chemicals, product name) which is a phenol novolac
type epoxy resin; Quatrex-2010 (manufactured by The Dow Chemical
Company, product name); YDCN-702S (manufactured by Tohto Kasei
Co., Ltd., product name) which is a cresol novolac type epoxy resin;
20 EOCN-100 (manufactured by Nippon Kayaku Co., Ltd., product name);
EPPN-501 (manufactured by Nippon Kayaku Co., Ltd., product name)
which is a multifunctional epoxy resin; TACTIX-742 (manufactured by
The Dow Chemical Company, product name); VG-3010 (manufactured
by Mitsui Petrochemical Industries, product name); 10328
25 (manufactured by Japan epoxy resins Co., Ltd.,, product name);
HP-4032 (manufactured by Dainippon Ink and Chemicals, product

22
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MACBK: Ag plated Cu powder, product name manufactured by Hitachi
Chem cal Co., Ltd., nelting tenperature 1083C [ 0099] (Conparative
Exanple 1) 20A tab wire coated with Sn-Ag-Cu sol der (manufactured by
Hitachi Cable, Ltd., product nane: A-ITS, a product of width 2.0 mm
melting tenperature 220C) was arranged on a busbar (material: silver
gl ass paste, 2 mmx 125 mm) fornmed on a light receiving surface of a
solar cell (125 mmx 125 mm thicicness 310 pm as a wring nenber,
25and bondednbme} | ixdncocisnane spory bgsinshayging teh eraphéwaigree sskiebeion;
bondi ng machi ne under conditions of a tenperature of 260C, a |oad of
0.5 MPa, andE&HHD3dbAgand keEL3000 feathnaenuficturednky tiDaigehéhtemiasl
performed on_el ectrodes,on the rear surface, and_thus, 10 sets of the
sol ar cells tdustiiefy bid-e mieduchmsmpedvhichiary atisychioneepmiyarresias)

e e
Ex 1. M

oracess as REE ;ﬁrﬁé’&%@m@ﬁﬁt@@&@%ﬂﬁﬁ ﬁ%&%?@fgﬁﬂﬁy%ﬁfﬁ%ﬁﬁ e
ot vas meabtr i AR oBafed Gl Ry iCIafh IR O

(Conparat i Ve%’?%;%ﬁug name) gﬁi(}é_ltf‘?s""aﬁeal%g&ﬁd e‘ﬁ’%ﬁ‘ Al_%[iiirﬁgEgM-sl@Oder

(manuf acture Hi t achi , pro t na I'PS,” a product

of width 0. 5(mEhuetirad tINSesitothAChiehBedl 0., 18R §R6dE!| @fimd)owhicpnt
surface finger 15 electrO0des (material: silvér gldss paste, '0 15 nm X
125 mm for nixdawandinkitgphé epereiconngoiaid; AEeA3M, dmaahfictaed by Tahto n
X 125 nmm thi ckness 310 pr?}J and at the right back position of rear
sur f dde el ecKasele Ecas Lid.yiprodigetnearne);, TEIR ADAHeendyT[ETRAD-C (both

t hert noconpressi gn by usi ﬁla t her nmoconpr essi on_bondi ng machi ne under

condi ti ons omaufastpedaby NIDIUBLSHES@ASaCHERMIGA Lo COMPAN EnENE -,

el ect rodes oML RIS @3P . 6 0 DhUSSth FomberEhd (eI anaPeR | s

LB el B Ol QL0 FoD e PR L MIAD LB 1.

vere Nl ShoBle CReaTA, BRIl R IS R SR

1 except thajedie §Atol BX-211 (manufactured by Nagase ChemteX
Corporation, product name) which is a neopentyl glycol type epoxy
resin; Denacol EX-212 (manufactured by Nagase ChemteX
Corporation, product name) which is a hexanedienyl glycol type epoxy
resin; Denacol EX series (EX-810, 811, 850, 851, 821, 830, 832, 841,

20 and 861 (all manufactured by Nagase ChemteX Corporation, product
name)) which are ethylene-propylene glycol type epoxy resins; and
epoxy resins E-X1.-24 and E-XL-3L represented by the following
formula (I) (both manufactured by Mitsui Chemicals, Inc., product
name). Among these epoxy resins, the bisphenol A type epoxy resin,

25 the bisphenol F type epoxy resin, the bisphenol AD type epoxy resin,

and the amine type epoxy resin are particularly preferred because such
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| cell with tab wire obtai ned above was used, and the AF.F before and
after the heat cycle test was neasured. The results are shown in
Table 2. [0103] (Conparative Exanple 3) 5A solar cell with tab wire
was produced by the sane process as that in Exanple 1 except that
Sn42- Bi 58 cream sol der (manufactured by TAMJRA CORPORATI ON,
TLF-401-11, melting tenperature 138C) was used instead of the
conductive adhesive conposition, and evaluation of cell danage rate
and confir matpory edsinooneain Revareidans d0ionieippagidyehedre tctiemer
a solar cell nodule was produced by the sane process as that in
Exanpl e 1 examepdactifdy. t he solar cell with tab wire obtai ned above was
used, and the AF.F before and after the heat cycle test was neasured.
The resul ts 40@SGhEviemicalrEptreulz 1] 0104] (Conpar ati ve Exanpl e 4) 15A
conductive adhesive conposition was prepared by uslng 27.9 parts by
wei ght of YDF 70 serving as a reshn and 72.1 parts b ight of a
silver pomder CG 1, nanufactur® by Tol curi ki Chem Resear ch
Co., Ltd., product nanme) sewi ng as|conductive particles|based on the
t ot al anDunt of Y100 parts by wei gh&Haf the conductive @Hesive 20
conpOS|t|onln/0he sane process aspthat described in t preparation
of conductive aphesive conposition| By using this conduftive ddesi ve
conposi tion, y e sane
process as t hiat je rate and
confirmation O s ] goxer, a solar
25cel | nodul e was produced by the sane process as that in Exanple 1
except that the solar cell with tab wire obtained above was used, and
the AF. F befdere, mrtﬁeafbnﬁnlal(m)akhe tesentsl me@er\ﬁaﬁnmw ed. The
results are shown in Table 2. Exanple 9

[0057] The epoxy resins described above a1e used alone or in

combination of two or more.
[0058] When the conductive adhesive composition comprises the epoxy
resin as the (B) thermosetting resin, the conductive adhesive
10 composition may further comprise an epoxy compound having only one
epoxy group in one molecule as a reactive diluent. Such epoxy
compound can be used as commercially available products. Specific
examples thereof include PGE (manufactured by Nippon Kayaku Co.,
Ltd., product name); PP-101 (manufactured by Tohto Kasei Co., Ltd.,
15 product name); ED-502, ED-509, and ED-5098 (manufactured by Asahi
Denka Co., Ltd., product name); YED-122 (manufactured by Yuka Shell
Epoxy KK, product name); KBM-403 (manufactured by Shin-Etsu
Chemical Co., Ltd., product name); and TSL-8350, TSL-8355, and
TSL-9905 (manufactured by TOSHIBA SILICONE, product name).
20 These are used alone or in combination of two or more.

[0059] The amount of the reactive diluent may be in the range that does
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not block the effect of the present invention, and is preferably 0 to 30%
by mass based on the total amount of the epoxy resin described above.
[0060] When the conductive adhesive composition comprises the epoxy
resin as the (B) thermosetling resin, it is more preferred that the
conductive adhesive composition comprises a curing agent or a curing
accelerator.

[0061] As the curing agent, conventionally used ones can be used
without any limitation, and commercially available ones can be used.
Examples of the commercially available curing agent include H-1
(manufactured by Meiwa Plastic Industries, Ltd., product name) which
is a phenol novolac resin; VR-9300 (manufactured by Mitsui Toatsu
Chemicals, product name); XL-225 (manufactured by Mitsui Toatsu
Chemicals, product name) which is a phenolaralkyl resin; MTPC
(manufactured by Honshu Chemical Industry Co., Ltd., product name)
which is a p-cresol novolac resin represented by the following formula
(I1); AL-VR-9300 (manufactured by Mitsui Toatsu Chemicals, product
name) which is an allylated phenol novolac resin; and PP-700-300
(manufactured by Nippon Petrochemicals Co., Ltd., product name)
which is a special phenol resin represented by the following formula
(II0).

[0062] [Chemical Formula 2]

OH OH OH
R? R’ R?
N L)L
L/, CHyf-  dlcn, | D
N VAN
[0063] [Chemical Formula 3]

25
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[0064] In the formula (), R' each independently represents a
monovalent hydrocarbon group, preferably a methyl group or an allyl
group, and ¢ represents an integer from 1to 5. In the formula (III), R?
represents an alkyl group, preferably a methyl group or an ethyl group,
R? represents a hydrogen atom or a monovalent hydrocarbon group, and
p represents an integer from 2 to 4.

[0065] The amount of the curing agent is such that the total amount of a
reaction active group in the curing agent is preferably 0.2 to 1.2
equivalents, more preferably 0.4 to 1.0 equivalents, still more preferably
0.5 to 1.0 equivalents, based on 1.0 equivalent of the epoxy group in the
epoxy resin. 'When the amount of the reaction active group is less than
0.2 equivalents, reflow cracking resistance of the conductive adhesive
composition tends to decfease, and when the amount of the reaction
active group exceeds 1.2 equivalents, the viscosity of the conductive
adhesive composition tends to increase and the workability tends to
decrease. The reaction active group described above means a
substituent group having reaction activity with the epoxy resin, and an
example thereof includes a phenolic hydroxyl group.

[0066] As the curing accelerator, those conventionally used as a curing
accelerator, such as dicyandiamide, can be used without any limitation,
and commercially available products can be used. Examples of the

commercially available product include ADH, PDH, and SDH (all
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manufactured by JAPAN HYDRAZINE COMPANY, INC., product
name) which are dibasic acid dihydrazide represented by the following
formula (IV); and Novacure (manufactured by Asahi Chemical Industry
Co., Ltd., product name) which is a microcapsule type curing agent
composed of a reaction product between an epoxy resin and an amine
compound. These curing accelerators are used alone or in combination
of two or more.

[0067] [Chemical Formula 4]

0 0

(IV)
HoN--NH—C—R*—C-—NH—NH,

In formula (IV), R* represents a divalent aromatic group or a linear or

branched alkylene group having 1 to 12 carbon atoms, preferably

m-phenylene group or p-phenylene group.

[0068] The amount of the curing accelerator is preferably 0.01 to 90
parts by mass, more preferably 0.1 to 50 parts by mass based on 100
parts by mass of the epoxy resin. When the amount of the curing
accelerator is less than 0.01 parts by mass, the curability tends to
decrease, and when the amount of the curing accelerator exceeds 90 |
parts by mass, the viscosity tends to increase, and the workability in the
handling of the conductive adhesive composition tends to decrease.
[0069] As the commercially available curing accelerator, EMZ-K and
TPPK. (both manufactured by HOKKO CHEMICAL INDUSTRY CO.,
LTD., product name) which are organoboron compounds; DBU,
U-CAT102, 106, 830, 840, and 5002 (all manufactured by San-Apro
Ltd., product name) which are tertiary amines or salts thereof;

CUREZOL 2PZ-CN, 2P4MHZ, Cl17Z, 2PZ-OK, 2PZ-CNS, and
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Cl1Z-CNS (all manmufactured by SHIKOKU CHEMICALS
CORPORATION, product name} which are imidazoles, and the like
may be used in addition to or instead of the products described above,
[0070] The amount of the curing accelerator just described is preferably
20 parts by mass or less based on 100 parts by mass of the epoxy resin.
The amount of the curing accelerator is more preferably 15 parts by
mass or less.

[0071] The curing agents and the curing accelerators are each used
alone or in combination of two or more.

[0072] It is noted that, in the conductive adhesive composition, one
type or two or more types of a thermoplastic resin serving as a binder
may be added in addition to the (B) thermosetting resin described
above. Examples of the thermoplastic résin include a polyimide resin,
a polyamide resin, a polyether resin, a polyurethane resin, a
polyacrylate, and a phenoxy resin as a homopolymer or a copolymer of
two or more of the thermoplastic resins described above. These
thermoplastic resins are used alone or in combination of two or more.
[0073] The amount of the (B) thermosetting resin in the conductive
adhesive composition is preferably 1 to 60% by mass, more preferably 5
to 40% by mass, still more preferably 10 to 30% by mass based on the
total amount of the adhesive component.

[0074] The (C) flux activator is a compound having a function of
removing oxidized membranes formed on the surface of the (A)
conductive particles. As the flux activator, known compounds can be
used without any limitation as long as the compound does not interfere

with the curing reaction of the (B) thermosetting resin. Examples of
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such compound include a rosin type resin, a compound having a
carboxyl group, a phenolic hydroxyl group, or an alcoholic hydroxyl
group in the molecule, an dibasic acid having an alkyl group in a side
chain such as 24-diethylglutaric acid, 2,2-diethylglutaric acid,
3-methylglutaric  acid,  2-ethyl-3-propylglutaric  acid,  and
2,5-diethyladipic acid. A compound having a carboxyl group and a

hydroxyl group is preferred, and particularly, an aliphatic dihydroxy |

carboxylic acid is preferred because such compound exhibits
satisfactory flux activity and has satisfactory reactivity with the epoxy
resin used as the (B) thermosetting resin. Specifically, a compound
represented by the following formula (V) or tartaric acid is preferred.
[0075] [Chemical Formula 5]

5

R
|
HO—{ CHz)—m‘Cli‘(CHz);OH (V)

COOH

[0076] Here, in formula (V), R’ represents a substituted or
unsubstituted alkyl group having 1 to 5 carbon atoms. In view of
exerting the effect of using the compound represented by formula (V)
more effectively, it is preferred that R’ is a methyl group, an ethyl
group, or a propyl group. Moreover, n and m each independently
represent an integer from 0 to 5.  In view of exerting the effect of using
the compound represented by formula (V) more effectively, it is

preferred that n is 0 and m is 1 or both of n and m are 1, and it is more

preferred that both of n and m are 1.

[0077] Examples of the compound represented by formula (V) include
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2,2-bis(hydroxymethyl)propionic acid, 2,2-bisthydroxymethyl)butanoic
acid, and 2,2-bis(hydroxymethyl)pentanoic acid.
[0078] In view of exerting the effect of the present invention described
above more effectively, the amount of the (C) flux activator is
5 preferably 0.5 to 20 parts by mass based on 100 parts by mass of the
total amount of the metal having a melting temperature of 200°C or less.
F urthermore, in view of the storage stability and conductivity, the
amount of the (C) flux activator is more preferably 1.0 to 10 parts by
mass. When the amount of the (C) flux activator is less than 0.5 parts

10 by mass, meltability of the metal in the (A) conductive particles tends to
decrease and the conductivity tends to decrease, and when the amount
of the (C) flux activator exceeds 20 parts by mass, the storage stability,
the printing properties, and the coating properties using a dispenser tend
to decrease,

15 [0079] In addition fo the components described above, the conductive
adhesive composition may comprise one or more additives selected
from the group consisting of a flexibility imparting agent for stress
relaxation, a diluent for improving workability, an adhesion improving
agent, a wettability improving agent, and an antifoaming agent, as

20 needed. Moreover, in addition to these components, various additives
may be contained in the range that does not block the effect of the
present invention.

[6080] An example of the flexibility imparting agent includes liquefied
polybutadiene (product name "CTBN-1300X31" and "CTBN-1300X9"

25 manufactured by UBE INDUSTRIES, LTD.; and product name
"NISSO-PB-C-2000" manufactured by Nippon Soda Co., Ltd.). When
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thq flexibility imparting agent is contained, it is generally preferred that
the amount of the flexibility imparting agent is 0.01 to 500 parts by
mass based on 100 parts by mass of the total amount of the
thermosetting resin.

[0081] For the purpose of improving the adhesion, the conductive
adhesive composition may contain a coupling agent such as a silane
coupling agent and a titanium coupling agent. An example of the

silane coupling agent includes product name "KBM-573" manufactured

by Shin-Etsu Chemical Co., Ltd. Moreover, for the purpose of

improving the wettability, an anionic surfactant, a fluorosurfactant, or
the like may be contained in the conductive adhesive composition.
Furthermore, the conductive adhesive composition may contain a
silicone oil or the like as the antifoaming agent, or may contain an
aliphatic ester such as castor wax obtained by hydrogenating a castor oil
as a thixotropic agent. The adhesion improving agents, the wettability
improving agents, and the antifoaming agents described above are each
used alone or in combination of two or more. It is preferred that these
additives are contained in an amount of 0.1 to 10% by mass based on
the total amount of the conductive adhesive composition.

[0082] For enhancing the workability in the production of the
conductive adhesive composition and coating workability at the time of
its use, a diluent can be contained. in the conductive adhesive
composition as needed. Preferred examples of such diluent include an
organic solvent having a relatively high boiling temperature such as
butyl cellosolve, carbitol, butyl cellosolve acetate, carbitol acetate,

dipropylene glycol monomethyl ether, ethylene glycol diethyl ether, and
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o-terpineol. It is preferred that the diluent is contained in an amount of
0.1 to 30% by mass based on the total amount of the conductive
adhesive composition.

[0083] The conductive adhesive composition may contain a filler.
Examples of the filler include polymer particles such as acrylic rubber
and polystyrene; and inorganic particles such as diamond, boron nitride,
aluminum nitride, alumina, and silica. These fillers are used alone or
as a mixture of two or more.

[0084] In the present embodiment, any of the exemplified components
described above may be used in combination.

[0085] The components described above are subjected to mixing,
dissolution, decoagulation kneading or dispersion, with heating as
needed at one time or in a plurality of installments, and then, the
conductive adhesive composition of the present embodiment is obtained
as a paste in which the components are dispersed uniformly. Examples
of a dispersing/dissolving apparatus used here include known stirrers,
kneaders, triple rolls, and planetary mixers.

[0086] In view of the printing properties and the coating properties -
using a dispenser, the conductive adhesive composition is preferably a
liquid one. |

[0087] The solar cell module of the present embodiment can be
produced by connection at a low temperature of 200°C or less by means
of using the conductive adhesive composition described above, and
therefore, it is possible to suppress deterioration in the properties of the
solar cell and decrease in the yield caused by warpages or cracks of the

solar cell in comparison with the conventional solar cell module

32
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produced by connection at 260°C or more using Sn-Ag-Cu solder.
Examples
[0088] Hereinafter, the present invention will be further described with
Examples, but it should be construed that the invention is in no ‘way
limited to those Examples.
[00859] (Example 1)
[Preparation of conductive adhesive composition]

26.7 parts by mass of YDF-170 (manufactured.by Tohto Kasei
Co., Ltd., product name of a bisphenol F type epoxy resin, epoxy
equivalent = 170) serving as (B) a thermosetting resin, 1.2 parts by mass
of 2P4AMZ  (manufactured by SHIKOKU CHEMICALS
CORPORATION, product name of 2-phenyl-4-methylimidazole)
serving as its. curing accelerator, and 2.1 parts by mass of BHPA
(2,2-bisthydroxymethyl)propionic acid) serving as (C) a flux activator
were mixed, and passed through a triple roll three times, thus preparing
an adhesive component.
[0090] Next, 70 parts by mass of Sn42-Bi58 particles (average particle
diameter 20 pm, melting temperature: 138°C) serving as (A) conductive
particles was added to and mixed with 30 parts by mass of the adhesive
component described above. The resultant mixture was passed
through a triple roll three times, and then, subjected to a defoaming
treatment at 500 Pa or less for 10 minutes by using a vacuum mixing
and kneading machine, and thus, a conductive adhesive composition
was obtained.
[0091] [Production of solar cell with tab wire]

The liquid conductive adhesive composition obtained above was
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Tab wire coated with Sn-Ag-Cu solder Connection tenperature (C)

Cel | damage rate Metal portion Resin portion Conversion efficiency
(%9 (oh) a'a v Conductive particles Thernosetting resin Curing
accel erator Flux activator

applied in a direction perpendicular to front surface finger electrodes
(material: silver glass paste, 0.15 mm x 125 mm)-formed on a light
receiving surface of a solar cell (125 mm x 125 mm, thickness 310 pm)
and at the right back position of rear surface electrodes so that the
5 amount of the composition was 0.2 mg/mm in terms of the weight per
unit length by using a dispenser. Next, a tab wire coated with solder
(manufactured by Hitachi Cable, Ltd., product name: A-TPS, a product
of width 0.5 mm) was arranged on the finger electrodes having the
conductive adhesive composition applied thereon as a wiring member,
10 ~ and then, bonded by thermocompression using a thermocompression
bonding machine under conditions of a temperature of 150°C, a load of
0.5 MPa, and a holding time of 10 seconds. The same treatment was
conducted on the electrodes on the rear surface of the solar cell, and 10
sets of the solar cells with tab wire were produced.
15 [0092] [Evaluation of cell damage rate]

The exterior appearance of the solar cells with tab wire was
visually observed, and presence or absence of breakages and cracks was
confirmed. The damage rate was evaluated and the result is shown in
Table 1. In Table 1, the denominator in the cell damage rate represents

20 the number of the evaluated solar cells, and the numerator represents the
number of the solar cells in which damage such as breakages or cracks
was confirmed.

[0093] [Confirmation of connecting portion]

An epoxy resin was casted so as to cover the whole of 1 set of

25 - the solar cell with tab wire obtained above, and a cross section of a

connecting portion when cut along a median line of the tab wire in a
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longitudinal direction of the tab wire was confirmed. The cross section
was confirmed at 5 points, regarding an area from the center of the cross
section of one finger electrode to the center of the cross section of the
adjacent finger electrode as one observation unit. When the finger
electrodes of the solar cell and the tab wire are connected by a molten
material of the conductive particles, an area ré.tio between a metal
portion contacting the finger electrode in the connecting portion and a
resin portion contacting a photoelectric conversion body in the
connecting portion was measured.

[0094] [Production of solar cell module]

The solar cell with tab wire produced above was prepared, and a
sealing resin (manufactured by MITSUI CHEMICALS FABRO INC,
product name: Solar Ever SC50B) and a protecting film (manufactured
by KOBAYASHI & CO., LTD., product name: koba tech PV) were
laminated on the rear surface side of the solar cell, and a sealing resin
(manufactured by MITSUI CHEMICALS FABRO INC, Solar Bver
SC50B) and a glass (200 x 200 x 3 mm) were laminated on the light
receiving surface side of the solar cell. The laminated body thus
obtained was provided in a vacuum laminator (manufactured by NPC
Incorporated, product name: LM-50X50-S) so that the glass contacted a
hot plate side, and vacuuming was performed for 5 minutes, and then,
vacuum at the upper portion of the vacuum laminator was released and
heating was performed at 160°C and a pressure of 1 atm for 10 minutes,
thus producing a solar cell module.

[0095] [Conversion efficiency and FF measurement, heat cycle test]

AnI-V curve of the obtained solar cell module was measured by
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- using a solar simulator (manufactured by WACOM ELECTRIC CO.,

LID., product name: WXS-1558-10, AM: 1.5G), and a fill factor
(hereinafter, abbreviated to as F.F) was obtained, which was taken as an
initial EF (0 h). Moreover, at this time, the conversion efficiency was
also obtained. Next, a heat cycle test in which a cycle of -55°C for 15
minutes and 125°C for 15 minutes was repeated 1000 times was
performed on the solar cell module. The EF of the solar cell module
after the heat cycle test was measured, which was taken as F.F (1000 h).
A rate pf EF change before and aﬁer the heat cycle test (AF.F) was
obtained by the formula [F.F (1000 h) x 100/EF (0 h)], and this was

used as an evaluation indicator. It is noted that, generally, AF.F value -

of 95% or more is evaluated as having satisfactory connection
reliability.
[0096] (Examples 2 10 9)

Conductive adhesive compositions were prepared by the same
process as that in Example 1 except that the cofnpositions were those
shown in Table 1. Then, solar cells with tab wire were produced by
the same process as that in Example 1 except that the obtained
conductive adhesive compositions were used, and evaluation of cell
damage rate and confirmation of connecting portion were conducted.
It is noted thaf, in Example 7, the thermocompression temperature
between the finger electrodes and the wiring member was 170°C.

[0097] Moreover, solar cell modules were produced by the same
process as that in Example 1 except that the obtained solar cells with tab
wire were used, and the AE.F before and after the heat cycle test was

measured. The results are shown in Table 2.
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Conducti ve adhesive conposition Conductive particles Sn42-Bi58 - - -
- Sn40-Bi 56- 7Zn4 - - - - NMA-05K - -

[0098] Details of the materials shown in Table 1 are as follows. The
unit of blending ratio of the components in Table 1 is part by mass.
YDEF-170: bisphenol F type epoxy resin, product name manufactured by
Tohto Kasei Co., Ltd.

5 TETRAD-X: amine type epoxy resin, product name manufactured by
MITSUBISHI GAS CHEMICAL COMPANY, INC.

EP-828: Epikote 828, product name manufactured by Japan epoxy
resins Co., Ltd.
2P4MZ: 2-phenyl-4-methylimidazole, product name manufactured by

10 SHIKOKU CHEMICALS CORPORATION
BHPA: 2,2-bis(thydroxymethyl)propionic acid
2,5-DEAD: 2,5-diethyladipic acid
Sn42-BiS8: Sn42-Bi58 solder particles, average particle diameter 20
um, melting temperature 138°C

15 Sn40-Bi56-Zn4: Snd0-Bi56-Znd solder particles, average particle
diameter 20 pm, melting temperature 130°C
MAOSK: Ag plated Cu powder, product name manufactured by Hitachi
Chemical Co., Ltd., melting temperature 1083°C
[0099] (Comparative Example 1)

20 A tab wire coated with Sn-Ag-Cu solder (manufactured by
Hitachi Cable, Ltd., product name: A-TPS, a product of width 2.0 mm,
melting temperature 220°C) was arranged on a busbar (material: silver
glass péste, 2 mm x 125 mm) formed on a light receiving surface of a
solar cell (125 mm x 125 mm, thickness 310 um) as a wiring member,

25 and bonded by thermocompression by using a thermocompression

bonding machine under conditions of a temperature of 260°C, a load of
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- - Ag - - - 72.1 Thernosett bag resin YDF-170 - - - 27.9

0.5 MPa, and a holding time of 10 seconds. The same treatment was
performed on electrodes on the rear surface, and thus, 10 sets of the
solar cells with tab wire were produced.

[0100] For the solar cell with tab wire, evaluation of cell damage rate
and confirmation of connecting portion were conducted by the same
manner as that in Example 1. Moreover, a solar cell module was
produced by the same process as that in Example 1 except that the solar
cell with tab wire obtained above was used, and the AF.F before and
after the heat cycle test was measured. The results are shown in Table
2,

[0101] (Comparative Example 2)

A tab wire coated with Sn-Ag-Cu solder (manufactured by
Hitachi Cable, Ltd., product name: A-TPS, a product of width 0.5 mm)
was arranged in a direction perpendicular to front surface finger
electrodes (material: silver glass paste, 0.15 mm x 125 mm) formed on a
light receiving surface of a solar cell (125 mm x 125 mm, thickness 310
um) and at the right back position of rear surface electrodes as a wiring
member, and bonded by thermocompression by using a
thermocompression bonding machine under conditions of a temperature
of 260°C, a load of 0.5 MPa, and a holding time of 10 seconds. The
same treatment was performed on the electrodes on the rear surface, and
thus, 10 sets of the solar cells with tab wire were produced.

[0102] For the solar cell with tab wire, evaluation of cell damage rate
and confirmation of connecting portion were conducted by the same
manner as that in Example 1. Moreover, a solar cell module was

produced by the same process as that in Example 1 except that the solar
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EP-828 - - - - Curing accelerator 2P4AMZ - - - -

cell with tab wire obtained above was used, and the AE.F before and
after the heat cycle test was measured. The results are shown in Table
2.

[0103] (Comparative Example 3)

A solar cell with tab wire was produced by the same process as
that in Example 1 except that Sn42-Bi58 cream solder (manufactured by
TAMURA CORPORATION, TLF-401-11, melting temperature 13 §°C)
was used instead of the conductive adhesive composition, and
evaluation of cell damage rate and confirmation of connecting portion
were conducted. Moreover, a solar cell module was produced by the
same process as that in Example 1 except that the solar cell with tab
wire obtained above was used, and the AF.F before and after the heat
cycle test was measured. The results are shown in Table 2.

[0104] (Comparative Example 4)

A conductive adhesive composition was prepared by using 27.9
parts by weight of YDF-170 serving as a resin and 72.1 parts by weight
of a silver powder (TCG-1, manufactured by Tokuriki Chemical
Research Co., Ltd., product name) serving as conductive particles based
on the total amount of 100 parts by weight of the conductive adhesive
composition by the same process as that described in the preparation of
conductive adhesive composition. By using this conductive adhesive
composition, a solar cell with tab wire was produced by the same
process as that in Example 1, and evaluation of cell damage rate and
confirmation of connecting portion were conducted. Moreover, a solar
cell module was produced by the same process as that in Example 1

except that the solar cell with tab wire obtained above was used, and the
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Fl ux activator BHPA - - - - 2,5-DEAD - - - - Sn42-Bi 58 cream
solder - _ 100 -

AF.F before and after the heat cycle test was measured. The results are

shown in Table 2.
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portion 100 100 100 O Resin portion O O O 100 Conversion efficiency
(% 13.9 14.7 14.8 14.7 AF.F (% 96.2 85.5

[Table 2]

Composition (% by weight)

Comparative
Example 1

Comparative
Example 2

Comparative
Example 3

Comparative
Example 4

Conductive
particles

Sn42-Bi58

Sn40-Bis6-
Zn4

MA-05K

Ag

72.1

Thermosett
ing resin

YDF-170

27.9

TETRAD-
X

EP-828

Curing
accelerator

2PAMZ

Conductive adhesive composition

Flux
activator

BHPA

2,5-DEAD

Snd2-Bi58 cream solder

100

Tab wire coated with
Sn-Ag-Cu solder

Connection temperature

GO

270

270

150

150

Cell damage rate

3/10

3/10

0/10

0/10

Connecting
portion (%)

Metal
portion

100

100

100

0

Resin
portion

0

0

0

100

Conversion efficiency (%)

13.9

14.7

14.8

14.7

AF.F (%)

96.2

85.5

74.3

40.4

[0107] It was confirmed that the solar cell modules of Examples 1 to 9,

each comprising a metal portion formed by allowing a metal having a

melting temperature of 200°C or less to melt and electrically connecting

the finger electrode and the wiring member; and a resin portion bonding

the photoelectric conversion body and the wiring member, had no cell

damage at the time of connection, had high conversion efficiency, and
exhibited sufficiently high AF.F before and after the heat cycle test and
then had satisfactory reliability.
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. 74.3 40.4 [0107] It was confirmed that the solar cell nodul es of
Exanples 1 to 9, each conprising a netal portion formed by allowing a
nmetal having a nelting tenperature of 200C or less to nelt and :
el ectrically connecting 5 the finger electrode and the w ring nmenber;
and a resin portion bonding the photoel ectric conversion body and the
wiring nmenber, had no cell damage at the time of connection, had high
conversion efficiency, and exhibited sufficiently high A F.F before
and after theojustOake Q)th@ﬁharﬁil dhé kelar bl s seith s4Reiay of CelipRadivd y.
[0108] On the other hand, the solar cells with tab wire of
Conpar ati ve BExamplesl Janalnﬁ 2 whichvihe kiting membegs plabbudthpSatAg-Cu t h
Sn- Ag- Cu sol der were used and connection was achi eved at 270C had
cel | damage saoldet hwend elsed alet roeanectiodvbwan\aehievied ah@760Gf hagdratll on
of 5 Conparative Exanple 1 using a busbar, the conversion effjciency

decreased. THemsgeandctg yirddudecispsads eOVaS, EBX élm@lcenﬁguratm eh
connecti on achi eved_by uglgg the cr r% ol der const, tut
Sn42- Bi 58 an&omRAraldYe H¥emp &Sﬂ&i%%yé CafeYGBlOnFe ‘H@Mfe

and after th hea e cre urther.rmr ol ar, .cel |
el modR i e &3 it B
s b o et I AR S
and the AF. FOBERGS awsaﬁ?la@*l?%“%h AR e BBl SHRR cldiehRe’ bf
Ref erence S| A%21as ARIAN ct¥nol i o PR bBRiorHnd IIRPARFIRIbHOEhd 16

conductive par resin X ac |va

conductive aghesiMehERRRR ’édst) decrbébd. 200irtI8@ire CfHe' so@%él?mo%@lle

phot oel ectric conversion body, 102: w ring nmenmber, 103: finger

el ectypde, 10€.CAbp araﬁuabmmjiﬁcn ropaetitted of t8: Ag diiecdrid thepepdipn,
106: rear surface el ectrode 07: busbar electrode CLAIMS 1. A

sol ar cel | mpekiheoimpostticxhdal potthiade 4 ynetdl coinecting lpostiemenad the ART
menber for electricall onnectln the solar cells are connected via
a connecti ngbp&‘l‘clanda beat @cfﬂﬁ@s‘adeqrya&@d finger electrodes are
fornmed on a |i receivi ng surface of a photoel ectric conversion
body of the Rele) EIGGISI"BS List the wiring nmember is arranged so as to

Intersect w t[&l(%} 16" m ' l ! t¥t1c(>):r]; lflI Tesin p%lrtei\glgrf)éj conductlve particles, 17:

15 resin, 18: flux activator, 19: conductive adhesive composition, 100, 200:
solar cell module, 101: photoelectric conversion body, 102: wiring

member, 103: finger electrode, 104, 107: busbar electrode, 105, 108:

connecting portion, 106: rear surface electrode, 107: busbar electrode
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t he connecting portion on a light receiving surface side 10
conprises a netal portion which is fornmed by allow ng conductive
particles containing a netal having a nelting tenperature of 200C or
|l ess to nelt and aggregate in a resin and connects the individual
finger electrodes and the wiring nmenber; and a resin portion which is
conposed of the resin and surrounds the nmetal portion to bond the
15phot oel ectric conversion body and the wiring nenber. 2. The sol ar
cell nodule according to claim1l, wgErAIMS& w dth of the finger

el ectrodes is 20 to 400 Fun. 3. The solar cell nodul e according to
claim1 or 2]1.wherAi solaheciomodalé iy vplnichi @plamnlithefl sojit ceBe eindi ag
surface side is forned by using, 20 a conductive adhesive conposition
conpri si ng ( AViringrmentbiey dopaleciridadly cwmeating ibe aolastcglls ke cagnected
melting tenperature of 200C or less, (B) a thernosetting resin, and
(C a flux adtiasgpppecting portign, A sol ar cell nodule in which a

I | i f I |1, T f I i cal | .
Bonnect i ng the. ol Hetsin & ParaliBe otedd Surates Eim it gobrietbn,
wh [ I it fofi l.ect r.od .f i.gh
e
pl ur al | ty of fi nge#ﬂeeﬁg@gggﬂeesd} ‘E?Iﬁé§ i%ﬂ%ggﬁi %(g apsg??i@?l&%%&awmgtﬁpe

receiving Su?ﬁ&%ﬁybf*ﬁngéra%?éﬁése%né metal portion which is forned
onductive [ [

by al | owi ng articles éontaining a nmetal having a nelting

tenperature of 200fe0rcdrpeetiA® BBiiorANGh agglighat Rckivife I Seificdndde
connects the individual finger electrodes and the wiring nenber; and

a resi@® porticompnyesha iretabnretend whidhhés feshed fby laHdwing wuhdubtive
metal portion, and 10a cross section of the netal portion has a shape
of spreadi ng partictes kenfidimgera aletet haddpg si teltimpéendpetaturei of 280 ober .
less to melt and aggregate in a resin and connects the individual finger
electrodes and the wiring member; and a resin portion which is
composed of the resin and surrounds the metal portion to bond the
15 photoelectric conversion body and the wiring member.
2. The solar cell module according to claim 1, wherein a width of
the finger electrodes is 20 to 400 um.
3. The solar cell module according to claim 1 or 2, wherein the
connecting portion on the light receiving surface side is formed by using
20 a conductive adhesive composition comprising (A) conductive particles
containing a metal having a melting temperature of 200°C or less, (B) a
thermosetting resin, and (C) a flux activator.
4, A solar cell module in which a plurality of solar cells and a
wiring member for electrically connecting the solar cells are connected

25 via a connecting portion,

wherein a plurality of finger electrodes are formed on a light
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receiving surface of a photoelectric conversion body of the solar cell,

the wiring member is arranged so as to intersect with the
plurality of finger electrodes,

the connecting portion on a light receiving surface side
comprises a metal portion which is formed by allowing conductive
particles containing a metal having a melting temperature of 200°C or
less to melt and aggregate in a resin and connects the individual finger
electrodes and the wiring member; and a resin’ portion which is
composed of the resin filled around the metal portion, and

a cross section of the metal portion has a shape of spreading

from the finger electrode side toward the wiring member.
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