DESCRI PTI ON TI TLE OF I NVENTI ON SOLAR BATTERY MODULE 5 TECHNI CAL FI ELD

[ 0001] This invention relates to a solar cell nodule | o conprising solar
cells in the formof sem conductor devices. BACKGROUND ART [0002] A solar
cell nodule fabricated fromcrystalline solar 15 cells is generally

manuf actured by providing solar cells based solely on substrates of one
conductivity type and connecti ng £E§ %?Ili in series for the purpose of
increasing the voltage. In this e ) | 1s each have an el ectrode of
first polarity on a light-receiving surface side and an 20 el ectrode of

second polarity (opposite to t.ﬂer;fé rd ﬁg}%ﬁ.#@ﬁ on a non-light-receiving
surface side are used, then t , st polarity on the

| i ght-receiving surface side JRIsAR FATBIeM@E D t he el ectrode of second
polarsjty on the non-light-receiving surface side by a conductor 25
cont ai ni ng sol der and ot her conponents (referred to as "tab wire") in
order to achi eve series connection. Those el ectrodes which are connected
by the tab wire are el ectrodes wEcENrehat FYELp | arge width (about 1 to 3
mm and @ﬁﬂffﬁlly known as bus-bar el ectrodes. 30[ 0003] ~In the
conventional~solar cell nodule nmentioned above, an attenpt is nade to
arrange sol ar Thlibsiavevkdsel yedatpesssoble sbdarackldt medule order to

i ncr.ease e er.si figLe

R S R B

i ght-receiving and non-light-receiving surface sides, an attenpt to
reduce the spaci ng between sol amaaddound ard stance of 3.0 nm or

[o002]
A solar cell module fabricated from crystalline solar

15 cells is generally manufactured by providing solar cells
based solely on substrates of one conductivity type and
connecting the cells in series for the purpose of increasing
the voltage. In this event, if cells each have an electrode
of first polarity on a light-receiving surface side and an

20 electrode of second polarity {opposite to the first pelarity)
on a non-light-receiving surface side are used, then the
electrode of first polarity on the light-receiving surface
side must be connected to the electrode of second polarity on
the non-light-receiving surface side by a conductor

25 containing solder and other components {(referred to as "tab
wire") in order to achieve series connection. Those
electrodes which are connected by the tab wire are electrodes
of a relatively large width (about 1 to 3 mm) and generally
known as bus-bar electrodes.

30 [0003]

In the conventional solar cell module menfioned above,
an attempt is made to arrange solar cells as closely as
possible to each other in order to increase the module
conversion efficiency. However, because of the presence of

35 the tab wire connecting the electrodes on the light-receiving
and non-light-receiving surface sides, an attempt to reduce

the spacing between solar cells to a distance of 3.0 mm or



| ess encounters a problemof cell edge failure due to the bending stress
of the tab wire. This causes a reduction of the packing density of solar
cells relative to the area of the solar cell nodule. 5[0004] One
approach to this problemis by reducing the thickness of the tab wire

itself sinply for the purpose of reducing the bending stress of the tab

w re, although another proble i cre ed W ring.resistance i ses.
Anot her FﬁsﬁpﬁPSBEHtﬁgsdQSPFngﬁm Por ginﬁpge Fﬁ93 §B T4€g%0 ( Pat ent
Docunent bépdinpgopeseny afsﬁhartablhzﬁedulﬁhim mﬂms@saatfﬁﬂmwtronsu@rovided

with ap b rti.on nd _th | [ t h t _the bent
portion %g d?%%%ggﬂ 8 &ég a% ggg% ?%F?E,é?ﬁgggﬁé ?gdﬁggnSEEE © endi ng
stress 15h@fsohertablﬁnmedaﬁé preventing cell edge failure. [0005]

Thi s Jret ggo4gomever has drawbacks that a tab wire having a special bent

portion nust be prepared, and the presence of the bent portion increases
the connecti onOREnGPRTIGHF tichdhilsh PFOPd e Hifs balx FeHISA G Behe fi |

1;3 act or %Ehibﬁné@‘sabeEhé ggguhv&rec_h.fé@ﬂ_ﬂ\lshhﬁIyPAEBENThWe25f0006]
at ent cyment 1; JP-A 147260 S RY PROBLENS, TO BE
SOLVED BYSHHE: PRVERT Pﬁ“ééf‘@oﬁﬂ’ess o%’Wﬁ t%; gEtCor @ ?N“ PAVeR |o%ervm| ch

has beenpnaﬂbemndﬁr1nheeaﬁeﬂewmnungnedscstaunstan¢ess |sAmQ¢¢¢QV|de a
sol af, celbbolBEuh ey ghagpakibgapregf cknfRAU! £nCIPYEI 5bER-ghhLEbENCY DY
|ncreaS|n e packi ng density O ar cells relative to
(Patent Document 1), proposing a solar cell module 1n which a
tab wire is provided with a pre-bent portion, and the tab
wire is connected such that the bent portion is disposed
between adjacent cells, thereby reducing the bending stress
15 of the tab wire and preventing cell edge failure.
[0005]

This method, however, has drawbacks that a tab wire
having a special bent portion must be prepared, and the
presence of the bent portion increases the connection length

20 of the tab wire, thus exacerbating the fill factor of the

solar cell module.
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25 [0006]
Patent Document 1: JP-A 2008-147260
SUMMARY OF INVENTION
PROBLEMS TO BE SOLVED BY THE INVENTJION
30 [0007]

An object of the invention, which has been made under
the aforementioned circumstances, is to provide a solar cell
module which is improved in module conversion efficiency by
increasing the packing density of solar cells relative to the

35 area of the solar cell module.



35 area of the solar cell nodule. MEANS FOR SCOLVI NG THE PROBLEMS [ 0008]
Maki ng extensive investigations to attain the above object, the inventors
have found that when a first solar cell 5 conprising a substrate of first
conductivity type having a light-receiving surface and a
non-light-receiving surface and el ectrodes of opposite polarity fornmed on

the light-receiving and non-|i ht-receiviqﬁ surfaces, respectively, and a
second sol ar cell conpri%ﬁ%%gaﬁgﬁb§9¥¥£¥§eﬁ ductivity type 10
opposi te[pooshe first conductivity type having a light-receiving surface
and a non-light:receivi sur ace an ctraodes of {QPRROosi I e olarity
formed on the aéﬂtngr SCe nd non- J1£1‘Elefh R eg:el Vi ngapglur aceés)o ve
respectivbﬁyptaréhaluawﬂatetw aﬁwangewpdatgokawhealh fraghgite siod-agopefduct ed
in 15 wh gﬂ EFElE% ﬁtsEQE%Ea%%"fh%&&%Q on h%%&%&g% Q& pel halyipRg! grity and
t he secon E e havi ng an el ectrode o secon arity opp05|te to

t he firstipbtareepldied) goe: 9§§eénﬂnaa“@@n%ﬂﬁhﬁraﬁéelYﬁPg éPF§ﬁ@@n§ﬁ
ensures thattbBaeki bgt oppdsseeond190tidly ¢ekhtdaba %ﬁ@ne_cigm recsekiag by
connectlng 20 the el ectrodes .on the Ilght-rece|V|n§ iyr ac; to each ot her
and the Bl8cPPBadIBh TRECAIANG GHELACES! vFRGPEGH-EEe Y 098 cR SER8M Wi t h
tab wiresplanrdcthe cehlbsiaiegchosebytaatangédsatoadspaadegtdfvidyOtypeor

| ess he.packin Si f I, ls Latj we to the area of

t he solar£§9¥%k 58 %E glgggbg%¥ggfgggeg§ %gg hg@ 0 |éproved nodul e
conversubhgbtfrepemgyngTﬁerﬁﬁc&ng@ﬂeﬁtnpacﬂnghétégcaﬂva@ﬁnéﬁﬁféﬁethedtab

wires angd;glbiphRakegst BF 655%§Sp@liarmyt kerhah Wh' ehe RLiGWENLEREiGehL edge
failure and increasing ﬁ manuf act ure, whi ch ensures fabrication

of a hi ght¢ P%Plé59€t3€e§8PHFn8eFPrﬁﬁﬁﬁpe reRBeChHERLYon3FE predi cated on

t hese flaﬂt@gﬁatélylarﬂahgddthatsauakheeeUembaamasl@ncbhetkughbdreﬁelV|ng
in.el ectrodes,of _abo t 50 to 200 m

d I f
o et EhEah o HRE FLEP B SPhaR58RLd) BrvaBer ah BUBR R PARe8Y A ER08E bus- bar
el ectrodeslénitygokhdcthagseubpdt sodne ceflérheding as eflengerdel oft rodes”,
and re'a§é¥8ha b8i8£i@§68b58g§%eOEOaQBHtflrE@ EoEHkW%geaEeruxtaposed

in a common plane. This arrangement ensures that the first

and second solar cells are connected in series by connecting
20 the electrodes on the light-receiving surface to each other
and the electrodes on the non-light-receiving surface to each
other with tab wires, and the cells are closely arranged at a
spacing of 3.0 mm or less, whereby the packing density of
solar cells relative to the area of the sclar cell module may
25 be increased, leading to improved module conversion
efficiency. The arrangement facilitates attachment of the
tab wires and eliminates the stress due to the tab wires,
preventing cell edge failure and increasing the yield of
manufacture, which ensures fabrication of a highly reliable
30 solar cell module. The invention is predicated on these
findings.
it is noted that of the electrodes on the

iight-receiving and non-light-receiving surfaces, thin
electrodes of about 50 to 200 pm wide which are formed on the

35 solar cell front surface across bus-bar electrodes for
collecting outputs are referred to as "finger electrodes"”
and relatively thick electrodes of about 1 to 3 mm wide for



taki ng out the output collected by the finger electrodes are referred to
as "bus-bar el ectrodes". [0009] Accordingly, the invention
provi des a solar cell 5 nodule as defined below. daiml: A sol ar
cell nodule conprising, in an alternating arrangenent, a first solar cel
conprising a first conductivity type substrate having a |ight-receiving

f d - | ight- Vi el d f [
ool ar Ly R REdOBh ERE PRGREL EEEICAGtaRd WBR. FLOHEL: EQEryFRg=S R aces.

respect i vefgrraddta sscbhdssbkar edeklkrodepri-si ng a second conductivity
type subngggf having a |light-receiving surface and a non-light-receiving
surface and efectrodes of 15 opposite polarity fornmed on the

| i ght - r ecei vi ngcaedddasllyi.gfvher dagiefitigns RRYdEes Pe§HEAET W d ai m 2:

The sol afo881L ARdgLeifkachanpwl., including a section wherein the first
and second solar cells are connected in 20 series, wherein the nunber of

first sobd®iBelfs used in the series connection section is 50%to 70% and
t he nunber of seeendrsekan @meldhleusesiprisihe, skinias sbtemcationg section is

0 0 i . . .
First coRLREPOTTy e yhet Ubbrater: eobl Bl Ratat, “subat rate and
t he secondndartdireityityp¢ ypebstbate shaving a plighe meamicdndusugtace
substyat gnq Q 3 Gk 41 1 FOTNE SO M n § ShlirFRAW| £, Ple 1 A Bdbs H0Toppodigeei N the
sol ar ce ?s are arranged at a spacing of 0.1 mmto 3.0 nm Caim5:

The sol aPotaritymeresdfonnthenklight crefekving Gl isrdileohs -diecrdvdRde in

short - Ci §6HFAcES! I £8EpEERSTe Yy ednged Shcdle ddrst cnd seegid ssalgak cel |'s

s up tosggggd conductivity type substrate having a light-receiving
surface and a non-light-receiving surface and electrodes of

15 opposite polarity formed on the light-receiving and
non-light-receiving surfaces, respectively.

Claim 2:
The solar cell module of claim 1, including a section
wherein the first and second solar cells are connected in

20 series, wherein the number of first solar cells used in the
series connection section is 50% to 70%, and the number of
second solar cells used in the series connection section is
30% to 50%.

Claim 3:

25 The solar cell modﬁle of claim 1 or 2 wherein the
first conductivity type substrate is a n-type semiconductor
substrate and the second conductivity type substrate is a
p-type semiconductor substrate.

Claim 4:

30 The solar cell module of claim 1, 2 or 3 wherein the
solar cells are arranged at a spacing of 0.1 mm to 3.0 mm.
Claim 5:

The solar cell module of any one of claims 1 to 4
wherein a difference in short-circuit current density between

35 the first and second solar cells is up to 20%.



ADVANTAGEQUS EFFECTS OF | NVENTI ON [ 0010] The sol ar cell arrangenent and

I nt erconnecti ng nmethod according to the invention permt the packing
density of 5 solar cells relative to the area of the solar cell nodule to
be i ncreased, whereby the nodul e conversion efficiency is inproved.
Additionally, since the stress applied fromtab wires to the edge of solar

cells can be reduced a | he, Pri0 hod, a highly
reliable solar cell i 2GE Q‘%Q Egs 6 nfel I8l ved manufact ure

yi el ds. BRDEF]DESCRIPTION OF DRAWNGS [0011] FIG 1 illustrates an

exenpl ary seri %-Eec%ﬂ%‘ii 107 10f3 12 rtnfin 1€ SllaS 4l e@fo%rn'n%rcta_n g sRdbacel |
nodule, FIG |a being a cross- sectlonal Vi ew an b being a plan view
of the |agaerdérgi yPnghsuipyeetipgepernit theFPEFk2nBIﬁG§§#§ﬂe§fan

exeﬂnJaryoﬁgfleélﬁgnﬂe@htﬁoeotoseharaﬁebl5fl@ha gehat eshh medule to
according to the 20_i nventi on, bei ng a cross- ggctlonal vi ew and

FIG 2b Beihgcreppaft- vW@ﬁFSPYtﬁBeIWBﬂPlFe88 VPRGLClr PACECLPREY EFfG 3 is a
pl an vi esmpfotvéa.| ighitbeealVivg sitdacehsi dereshoappyi ad Exenptas y

'nterCOHHECt'OE% %hah? era%'sgihgrcggégsg ' pgebbalRdy! & 23hbGred 'S @

pl an vi el of° eécelving sur
with the prior art method, a highly reliable solar cell

10 module can be fabricated in improved manufacture yields.

BRIEF DESCRIPTION OF DRAWINGS

[0011]
FIG. 1 illustrates an exemplary series connection of
15 solar cells in a prior art solar cell module, FIG. la being a
cross-sectiocnal view and FIG. 1b being a plan view of the
light-receiving surface side.

FIG. 2 illustrates an exemplary series connection of
solar cells in a solar cell module according to the

20 invention, FIG. 2Za being a cross-sectional view and FIG. 2b
being a plan view of the light-receiving surface side.

FIG. 3 is a plan view of the light-receiving surface
side, showing an exemplary interconnection of an overall
prior art solar cell module.

25 FIG. 4 is a plan view of the light-receiving surface
side, showing an exemplary interconnection of an overall

solar cell module according to the invention.

DESCRIPTION OF EMBODIMENT

30 [00121]
Now, embodiments of the invention are described in

detail with reference to the drawings although the invention
is not limited to the illustrated embodiments. Throughout
the drawings for illustrating embodiments, like characters
35 represent parts having the same function and iteration of
their description is omitted. For ease of understanding,

drawing is made in exaggeration with respect to the spacing



st de, showi ng an exenpl ary interconnection of an overall solar cell nodule
according to the invention. DESCRI PTI ON OF EMBODI MENT 30[ 0012]

Now, enbodi ments of the invention are described in detail with reference
to the drawi ngs al though the invention is not limted to the illustrated
enbodi nents. Throughout the drawings for illustrating enbodi nents, |ike
characters 35 represent parts having.the sane functi d iteration of
their deBBFFBERofOIETofeltldd 2 nﬁoFh§a§glﬁFn&ﬁ§eF§P§F8%ng @fawing i s made

i n exaggebatennenckh sagkepedtingert kaespaoides aret wednted.ar cells and the
thicknesi ngreof For conveni ence sake, flnger el ectrodes are omtted.
[0013] T 8 Jentlon is directed to a solar cell nodule in 5 which a first
sol ar cell(s) GEWpammam}L@Hfuﬁsﬁlc@ﬁ@@étt9|ﬁySPQEE sebitpedeldaliing a

IIght-r%ﬁi&hngafgféeceoﬁaﬁ éeﬂPEe 'emgf;@&ﬁaglalgfﬁfgﬁ Ash ANt 1841661 1 odes

of opposite po ty fornmed on t | i receiving and non-|light-receiving
surf acestyPespaReELvaEg, handng detddat s%?‘"a?l\?e‘w (i Hra fy 10 a second

condluct IhMbhylig‘ﬁe ﬁébé!i_{rilhg b@ﬁf@@eaaxhd g@leé*fﬁ@ids neE &wﬂme:eandfa .
non-1ight-recel vi sur,face trodes o site rit or.nmed on
the |ighP® @E%F% ﬁgr‘ﬁﬁﬂ RBnt ?gﬁfg?gcﬁ??/?%‘él%%r%g% e hfalcct |e¥?ellvmgr

al t er nat ebyfaceangedspdbtsvedyaranedl & second s@mr@kﬂﬂb&mmﬁam in 15

P G \f) 1BoEELRRACkRaGELLS: Ly NavhR e b ste GONARL 1o {aa Re RS igat ©

Vin conducti vit types frate are
al t er nat ehyfaee angdda aﬂd bugshbarees BEiRG dar rﬁi’eﬁﬁ‘@@%ﬁ &b wires

4. Her el BppbleEopdyaLivy! Yokuee oh Eﬂi@ :@i@wﬁé@emlﬂg@ﬂdrst sol ar cel |
e

i S opposi t he 20 conduct|V|t(¥ pe of the substrate of th econd
sol ar ceRpn- #bghExﬁﬁﬁFéV1ﬂﬂeﬁu¥ﬁ% *dr n’é‘?sﬁ’%‘”hl‘f?/lpﬁé e LN Y- t ype.
Al so, thgrpehgsaly miid heorleaddindacaiuliehad icghistrectied ag stlbfvacmnof t he

bst r at f the f t dent I th 40 th
ol ectt odETEn LHERRERIR SRISF oBEIb? nh BA7 MY AT el ee ne
second ssbbstraté, andi selahecelbstzdd@vmgtmesmnd|<g¢ndtrce@emhm@ymface
of the susLEale.ofbe:fbrsheso)ArfohboaNthidians] A5l R R dda 3

| i ght-recelving Sufface o bstrate of the second solar cell are of
t he sarrea-‘eelgﬂlltl?ct@ﬁ bYietahbBiraent - ofianed m30 Bhey SRRAYS TN tEnERRSi n FI G

2b, for gxappbesubbepatBeoti taé sotat Seldrisedi sp@s(qsbcmﬂh tfee the
| i ght-receivi ng surface of its substrg{_e fa%#n upwar d ésecorﬂ sol ar
cel 120 s GPRPBSELVIFYntYRE PFghRe r RRRFLEFALS %?c?r{ds St r4te facing

upwar d, Borté&sambphe, ewkehr e dormee is gm{tymelmmglésmeha@@ 36 tofpet.he
et SOAfho eLhoApdr LhCF! SF! LRUCE PleLibal | SR HECRIH NG ML AGR, of the
second s t ke i near connected 1n pl ane w t"hout a
bend. surface of the substrate of the first solar cell is identical
with the polarity of the electrode on the non-light-receiving
25 surface of the substrate of the second solar cell, while the
electrode on the non-light-receiving surface of the substrate
of the first solar cell and the electrode on the
light-receiving surface of the substrate of the second solar
cell are of the same polarity. In the embodiment of the
30 invention, as shown in FIG. 2b, for example, when the first
solar cell is disposed with the light-receiving surface of 1its
substrate facing upward, the second solar cell is disposed
with the light-receiving surface of its substrate facing
upward, so that the electrode on the light-receiving surface
35 of the first solar cell and the electrode on the
light-receiving surface of the second solar cell may be

linearly connected in a common plane without a bend.



[ 0014] In this enbodi ment, the conductivity type of substrate,
inmpurity diffusion layer, antireflective coating and other conponents of
the solar cells used herein may be in accord 5 with well-known exanpl es.
The solar cells may be prepared by the well-known nethod described in JP-A
2001- 77386. [0015] The sem conductor substrate of which the solar
ceIIs arf g itructed according to the invention may be, for 10 exanple, a
9§ ingle crystal silicon substrate, p-or n-type polycrystalline
S|I|con subst r @ne thasnesbbddmantonmbhendosénttintitz t byps ubSt swisstortd he

Like. Fopyt Qg 5 ”&iff&é%éﬁaia bt %ﬁ%ﬁ}é&# e ac%acéi% A cplyst al

{100} p-type SI i con su strat S in purity SI icon i's doped with
15 a G oopnpenerteneht the cpobar berbhs d#seghlhqmq @Pr dAE d@ #ocelstivity

of 0.5l tﬁlél%émnﬁambﬁ: &5 185 M e BoliuRe callh kCRRySHBShrahgsedoped W th
a Goup V elenent. such as ho;g?orus anti npny or arsenlc are al so useful.

[ 0016] ZEW?t%e$%s%%%WntTF¥¢@§ FEHARAD tHe Ei g1 Lyt -si1i con

substrat ppoisset herein, substrates with a | ower concentration of netal

i mpurities such,as _iraqn, num tltanl ar eferred |n hat

hi gher efficieﬁgf ESF&FoggFFqBEéﬁu%g R Ot nb g’qéﬁlonger M étlne
substrateﬁe GbesBBusiagdl| accpydinb $pl thenisubstianemanybbe preEpared by any

theds LRGhHEL N ;Be & ﬁngygé Uehfedsc-beLal s Tekah! bandtageesi picon

mhlc i S previous urifre process such as the Srenens
process Pyt al¥Le beo @HYFha#ﬁén9b69é1ﬁ@PhéﬂbSBGF9917P°¢h§lﬂhF€Rness of

sem condyshebusdbséhat8naacpbef gﬁsbkya%@%wtﬁeomkean@mrﬁx@rﬁf@jp@l y
150 to 250 for a, balance of the cost X ild of E E iﬁhg ag
conver5|%ﬁy%ﬁ?}c?%ﬁﬁ9°nl?u?ﬁEr?Egrs??vFPg f19eti EbMd0e sPra¥R®is 35
| ower trﬁﬁui&mnab@wetﬂ&teﬁeﬂnrﬁhgeh hhghdpatitputibhcofi ¢endepsdonith
o6 eEYe BuSOL B EELh S FRY BRCOUC,BEA OUE” ga Pl uh"EoCh¥ShEheCgs! MY e

hlgh because’ of i I'on~on
resistivity of 0.1 to 5 @-cm may be used. Similar n-type

gsilicon substrates doped with a Group V element such as
phosphorus, antimony or arsenic are also useful.
fool6]

20 With respect to the purity of the single crystal
silicon substrate used herein, substrates with a lower
concentration of metal impurities such as iron, aluminum and
titanium are preferred in that higher efficiency solar cells
can be fabricated using longer lifetime substrates. The

25 single crystal silicon substrate may be prepared by any
methods including the CZ and FZ methods. Herein, metallic
grade silicon which is previously purified by a well-known
process such as the Siemens process may also be used in the
above method.

30 [0017]

The thickness of semiconductor substrate is preferably

100 to 300 um, and more preferably 150 to 250 um, for a
balance of the cost and yield of substirate, and conversion
efficiency. If the resistivity of semiconductor substrate is
35 lower than the above-defined range, the distribution of
conversion efficiency of solar cells may become narrower, but

the crystal cost may be high because of a limitation on ingot



pulling. If the resistivity is higher than the range, the distribution of
conversion efficiency of solar cells nay becone broader, but the crystal
cost may be low. [0018] 5In the enbodi nent of the invention, the first
conductivity type may be either n-type or p-type. The second conductivity
type may be p-type when n-type is selected for the first conductivity

type, or e i1s,selected for. the firs cond ivity type.
10[0019]1"1"']"1'13g 28@? f% ??leﬁ%lg 5T r At Ehehr FARR %% prefe %ab#ygprOV|ded
with nicdmstnpbutaepebftcesvbmewnnasffuexeucy bfThelaexpaiéS|maHn

effectivg, EE%QSbLBEdﬁﬁduﬁh@gthgecg9§§93605§E'ﬁﬁ apges@f; solar cells. The

texture € rea provi de ipprng 1h a hot al kali aqueous
sol uti onl880tBias sodi um hydroxi de. [0020] As to the inpurity

diffusion layeny the IHHie oW & 1és QthvEmt iRM seﬂr@ctﬂwﬁ om Group V
el ements such as 20 phosphorus, arsenic ang antlnDn and ﬁhg 1]

eIenentscgﬁ@HCE§VbBYoﬁYP§IWﬁ?nbﬁlﬁﬁahﬁﬁlPl %Pelﬁroﬁetgﬁﬁnpl arCF M arity
dlffu5|oeohduetlﬁmyybeyﬁermag by pheypap@hephaseydefﬁsssemepmedeﬁsrusing

phosphor oxychlorid L. osphorus diff ol n In this
exanpl e, Hﬁ%afxf? a?ﬂ%ﬁ?cgl 3 %XPeraBgy cg gﬁt @§§% ggnnsphere of
phosphoraeleayeﬁlﬁordeherfuhetlphedaptSQQtwoth@C for 20 to 40 m nutes.
Also(pref f@hy the inmpurity diffusion | ayer has a thickness of 0.1 to 3.0
m and nnre preferably 0.5 to 2.0 m If the inpurity diffusion |ayer is

t oo thick, thef8didyopaldvai ths sUs tHHte Sudecfhdre PSS AMY and hol es

gener at eﬂr@w&fdé@mﬂ’@hnﬁ@crbgeepmg heparliewes Rgowh eenveesicameeffiThency.
is too_thin, .there e Ies sites where

If the i ur|t dlffu5|§E é d %
eIectronE AR fof BsAHeREFSELAVEr BEPRE 0BT NE§IUGIP St tﬁgﬁ {&Fse f1ow
resi st ancefdéctancendbff kowangcthisughThdet8Stsudshawntlee t veadelyol | ect or

el ectrode b Lhcpease adi t I f I QQch
eff|C|en%rov%9?§u5¥oﬁlBPlﬁ8rhg gfggtegéﬁgﬂg&gﬁggggg 3§$§§?§§ %ycapSFying a
connerC|abﬂyumvhyﬂabkedﬁeron cont ai ni ng coating agent, drying, and heat
treating;gy,§90 to 1050C for 20 to 60 mnutes to forma diffusion |ayer.

As to the impurity diffusion layer, the impurity

source used may be selected from Group V elements such as

20 phosphorus, arsenic and antimony and Group III elements such
as boron, aluminum and gallium. In one example, an impurity
diffusion layer may be formed by the vapor phase diffusion
process using phosphorus oxychloride for phosphorus
diffusion, for instance. In this example, heat treatment is

25 preferably carried out in an atmosphere of phosphorus
oxychloride or the like at 850 to 900°C for 20 to 40 minutes.

Also preferably the impurity diffusion layer has a thickness

of 0.1 to 3.0 um, and more preferably 0.5 to 2.0 um. If the
impurity diffusion layer is too thick, there may be available
30 more sites where electrons and holes generated are
recombined, leading to a lowering of conversion efficiency.
If the impurity diffusion layer is too thin, there are less
sites where electrons and holes generated are recombined, but
the transverse flow resistance of current flowing through the
35 substrate to the collector electrode may be increased,
leading to a lowering of conversion efficiency. Diffusion of

boron, for example, may be effected by applying a



[0021] 5In conventional silicon solar cells, a p-n junction nust be forned
solely on the light-receiving surface. To this end, a suitable neans for
avoi ding formation of p-n junction on the back surface is preferably

enpl oyed, for exanple, by stacking two substrates together prior to 10
diffusion, or by forming a SiQ2 filmor SiNx filmas a diffusion mask on

t he back SH£L%CE EE'Orvto g E bggn gggkdeglghecva oh phase di ffusion
met hod, TR @ § a ?%u3|on ayer may al'so BeCPorned 89 anOther
techn|quérsung agndcheeh preating et spDntooaOBﬂgC £6[F0022F0 60 The

ant 1 of| gk 1 MEbEnPECRRERRLY o Pabiel (1 M forTed Using a plasm CVD
layer m

systemor t including a Si Q2 filmresulting
from t hef@821bxi dation and a Slhk filmforned as above. Its thickness is

prefeyably 20 7§ b@n%@it’l@na[logéﬁ]lc@ﬁ Ts'&@_aie@e(lQ@dU%{[ @-nS Yhsictaba t hus
obt ai ned, el ectrodes usi ng.the screen rlntlggﬁtechnlque or the

e
li ke. Th@u§FaB% ?r%?chPﬁﬁég P8 hBE pAPRLCLPSPEY-BY PPATEEE: THE width of
bus-bar ehestendesai suiypbtal mgahst o3 Hﬁblamdgthermamhen of pus- bar

electrodes |§ grefer@QIyPaCkosu g%ng rgrgkgfggﬁ Xmﬁlgﬁea op gach

surface. TVWHere”a p?uraFl y “of Fodestare &%urf ace, the
el ect r odexampte prey es hbtkifigr hwd EubektehaSpéﬂaethrtDreaéhtgther

30[ 4]d ffu51on|”ofhﬁyszEﬁEnBrhnEiﬁg:Efiﬁ"Bfﬂ#&Néifiiﬁhgé'#e paste
obtalne égn]XIH conducti ve gartlc es such as al um_num powder or silver

powder , sieptmagkgani EnBi Raek sHafafe Prikeri §0s8iEEHSHPPnted. After
printi ngBeH@e@aﬂﬁ@ v8pbakpHadh atf¥@0ibn MOOROAQr thet omBOrfAifputes to form

el ectrodes, El ectrode fornmation by the printing technique.is preferred
o) Chougrt b BerTetel b BSombaopbeptrenchy be. ApbEREF o ahhEaBR L FEh g
t echni ques. sdbsenverineirgt oodepioncoatihgght - recei vi ng and

non- Ilghg ?ffiving surfaces may be baked at a tine. In this way, an

el ectr od irst polarity is formed on the |ight-receiving surface of
the first sol afheephtirpitesgiyef Fidm denpuefevrbyvt pp&idkhstdate and an

el ect r ode, Afie @ cONEy pQ'ﬂibBMaOWstieréﬁ bhechbr $ixB9! 8¢i hymhstioaped on
t he non- Ilggt-rece|V|n surface of the first solar cell Similarly, an

el ect rodel B LRI Ar PL)- |%13f’%r1??e°d1]§r?'“cgr1é;-qqnbh1ih‘?]§??e}r WS ce of

t he secossd s®! sungefilharbpged as above. Its thickness is preferably
20 70 to 100 nm.
[0023]

On the semiconductor substrate thus obtained,
electrodes are formed using the screen printing technidque or
the like. The shape of electrodes is not particularly

25 limited. The width of bus-bar electrodes is typically 1 to 3
mm, and the number ofrbus—bar electrodes is preferably 1 to 4,
and more preferably 2 to 3 on each surface. Where a plurality
of electrodes are formed on one surface, the electrodes are
preferably formed to extend parallel to each other.

30 [{0024]

In the screen printing technique, a conductive pasfte
obtained by mixing conductive particles such as aluminum
powder or silver powder, glass frit, organic binder and the
like is screen printed. After printing, the paste is baked

35 at 700 to 800°C for 5 to 30 minutes to form electrodes.
Electrode formation by the printing technique is preferred

although electrodes may alsoc be prepared by evaporation and



10 second conductivity type substrate and an el ectrode of first polarity
is formed on the non-light-receiving surface of the second solar cell. In
an exanpl e wherein a n-type sem conductor substrate is selected as the
first conductivity type substrate and a p-type sem conductor substrate is
15 selected as the second conductivity type substrate, the el ectrode of
first polarity is a negative electrode and the el ectrode of second
poIarltySP§t§eﬁé§9t¢@€%@PééﬁﬁbdeM0F992§¥ | alerEredear ogelthenodul e of the

inventionggak - E%@%hv&%go@%dﬁﬂﬁﬂ-rigﬂﬂlfaédlvmﬁ@ %hﬂf%%%% e %@p@@ﬁegplar
cell, both deflned as above, are alternatelé conn cted in_series_and/or in

paral | el 2tTRe tiffs cHANEREEJVESK afPcBLPELRR bee thpsuPgteEL Wt hSa
t ranspar €ntrmedson sheh laghﬂi-lndmmgnwhar&aebatoe tR¥AE iaeolsyirerr, cedl

conpl et e,g.90kat, GeLl. MadW 2R Wy GOYEY o bl Tdulg Jray, s forgd to any

of a pro d Stractare asing-a sub
conventlQﬁaBenDﬂdlle@rl&YthQQ§siwnt@oﬁh@nﬁiaﬁalnﬂimnmﬁy dlsorfgrwedh t he

encap3U|6B'@ﬁerﬁ%hﬂilgh%uE%ke%VEﬂgg@hr%%&%ﬁb%r%heaf%EQ%t%%ﬁ%xsh%ﬁiture
and a gl ass package structure. "Additionally, a frame may be attached

for provPdla aﬁ#&teé?u@%eéﬂéﬁﬁ& Pﬁésﬁﬁﬁaﬂepoéééﬁtﬁ 461 &°rEed ofpdiite may
be ”HnUfi@bﬂteﬂebblﬁﬂﬁgmﬁhkf%&@W%fﬁQhBD@%coh@rs@&%&pb%dllmgxﬁﬁbhgd of JP-A

1109-51117. 026] .35 f d odi t of th I I f
the 1%veRtPahSi CONGBEERTRAY 11 ver SUDAREH o BNdr B B 10 HhEsaPIWERGST FI G
1 iIIustpa1331ay ¢xeffprapy serithe conrddghtrregkisdngr seaiflecel ofathe
conventlgggg ?ia& Fﬂqnduig aﬁngxg%é??zwhékgfﬁrgtﬁs cexenplary series

connect i 6n of §'in"a solar ¢ accor to the
|nventloﬁemtﬁgsdupﬁoﬁnéubét&ﬁéecﬂ§s§3§@§¢ﬁ§naﬁ ¢h@w§lr§ﬁdcpm980tﬂﬁiéﬁd 2b

are 5 pl ggp algﬁ@se§afbewﬁa Br omebbe lse@itoh8eeitbrnGuddihage sisde.
IIIustrated in GS. 1 and 2 are first sqlar cells 1 haV|ng a first

condU%tl%?%9CF96ea§uE§?r§P€°n§e€8HGU§GP¥Ft¥eFV?GZSHQW thGte s&&6nd
conduct i ¥gléytiype snbsﬁratepobuiimgrlelechegdeiva edad tiraldewanhes the
10[ 0027] onvent ol ar. cel 85ggdule gchlG. 1 consists of

h i |
col o coPFECHEONRLOE FRPPRA. BRIBEAYi 35 B pRsTonyr, SLeCtAS e the

bus- bar EP@2biode on the |light-receiving surface side and the bus- bar

el ectrode on the %ﬂ%"d%yf'H%%i‘Hd&hﬂ§<ﬁ#ﬁﬁé§%ﬁ%é¥%ﬁ%ﬁ %ﬂﬂ@&%ﬁﬂg by tab

wires to achieve series connection. An attenpt to arrange solar cells as
cl os¥ y @Bepbissh| 80i8F £hRélparfosd dPaPRcPBESFRECNHe S | €eddnvEPEhon

ef ficiengyrersar 88Ukbolr8, 2acel h1edgaataikucendeetea tihe sbeadsnanayeess of
tab mnrein parallel. The thus connected solar cells may be
encapsulated with a transparent resin such as ethylene-vinyl
acetate (EVA) copolymer, to complete a solar cell module.

25 Moreover, the module may be formed to any of a protected
structure which is formed using a substrate as in
conventional modules or a film as in conventional modules
along with the encapsulating resin, a super-straight
structure, a substrate structure, and a glass package

30 structure. Additionally, a frame may be attached for
providing protection around the module. Such a solar cell
module may be manufactured by any well-known methods, for
example, the method of JP-A H09-51117.

[0026] _

35 One preferred embodiment of the solar cell module of

the invention is described in detail with reference to the

drawings. FIG. 1 illustrates an exemplary series connection

10~



20[ 0028] On the other hand, the solar cell nodule of the invention
shown in FIG 2 is constructed such that solar cells 1 having a first
conductivity type substrate and solar cells 2 having a second conductivity
type substrate are alternately 25 arranged Thus cells having el ectrodes of
first polarity and cells having el ectrodes of second polarity are

j uxt aposed. on.a_co n plane, allow.n | ect.,rodes .qn _t i ght- I Vi ng
surface 8% EPEEET §§es Son™ e cﬁﬂqq\%@%%-aﬁecseoll\ﬂrngce&ﬁ? aoglgl ¥ tﬁaéld(’:%‘r:'l[?e‘ct ed
to each ¢t hédubby radieswane exempdanye \sergers e addmrects grplass celdesul t,

adj acent ,6eLl SoqRY RR1G SR AR & PACUNG e ) PLEE | 28S,
espeC|aIﬁy ?. mmor less. If the spacing between cells is too large, the
packi ng @8fsifyage S$E105S -GEqts onadla (vihgarst.0 ae FdGSy P el B @ ecel |

nodul & nRY ahevhieddcad vHewdd ifen Rihd 10w -1e fi vIDd s rdR oM eS| on
efficiency. Al though a shaorter spacing between cells is desirable, a
145 tragep

spacing & M P3RS -s oAl EF Sdddide 521800 1ldSe s PAYViRY & | ows

for cont @tshetonducidhity tyusisulsftiratier,e seiconld polay. derllanat her

enbodi nent. _wherein_an_enc| re.frane.is at ol h )3Gj.Nng between the
encl osurie{af’%gﬁe aﬁg%toﬁg s?c(ﬂ%ar Cel ttyﬁjéa ﬁo@éqg%&gr’i gﬂ%’??’cﬁ out er nost row)
i s prefeedbcyrodest 8.3 apdmhabmwiaesr df.erably 0.1 to 1.0 5 nm I|f the frane
spacifg iiob9q narrow, the frame may overlap the solar cell to invite a

shadow | 0ss, fesulting in a |owering of nodul e conversion efficiency. If
the frame spaciTh§ iR BrRE INEDH LI hJUBRS 18F F1Gol arcdiists

rel at : veotpsbma;;ab@%mf hh%r@'a?-rfi&%:ct:c _d@!ﬂﬂcﬁtiﬁ?}ty@&y&@lﬁﬁ%ﬁﬂ&dﬁsu! ting
In a lowerin ulLe conversion efficie .St 1S _noted that t W res
my be COAnBOFBA WAEh DUSGRF Gl SCIFE O @y o d S S AR B T e cf0020)
Next, Fl&id8 ahBusheabes-barexdepitaode wnertthenmect-ldyhts refcedvimger al |
conventi gﬂé%aég,' %ﬁd%e 'aEe”%%'ﬁ]'n%’ct%'&d b? Ean? oS WeAles 12 L%l Y

i nt et conRect 6n of an-overall solar el modul e accor ing to the

i nvent i ogonpactheni.| | dBt ahtedpexhaphEraggeagodar| sedle afr ehgedlynasl ur al

rows of 4.eghibseb¥ot ¢l $ seORFEGRG el 199 e mdduis (Rersiohl GS. 3
20 and 4 are first solar cells 1 havi nqaa first conductivity type

subst r at 8T T466REYsE6PEr TeSIHE 30h 8y CRd 1a e88C0AG IdFREu SMey ity HiFpe

substr at Bentieh gl Bicresef offi rab pakasi.ty el ectrodes, termni 6 of second
polarity ﬁbggﬁrodes, and an enclosure frane 7. It is appreciated froma
corrp%lori S between FIGS. 3 and 4 that the inventive solar cell nodule
has a hi gher paokithg ddheirt yhaofd,cdéhles spdibat cedlt motdtideno8utkearea than the

Conventigﬂgén§9$ﬁrsﬁ§%h Eﬂdykéz £09§0$0nstructed such that solar cells

1 having a first conductivity type substrate and solar cells 2
having a second conductivity type substraté are alternately

25 arranged. Thus cells having electrodes of first polarity and
cells having electrodes of second polarity are juxtaposed on a
common plane, allowing electrodes on the light-receiving
surface or electrodes on the non-light-receiving surface to be °
connected to each other by tab wires to achieve series

30 connection. As a result, adjacent cells may be closely
arranged at a spacing of 3.0 mm or less, especially 1.0 mm or
less. If the spacing between cells is too large, the packing
density of solar cells relative to the area of the solar cell
module may be reduced, resulting in a lowering of module

35 conversion efficiency. Although a shorter spacing between
cells is desirable, a spacing of at least 0.1 mm is preferred

because a too close spacing allows for contact between cells,

-11-



In the preferred enbodinent, the solar cell nodule 30 includes a section
wherein the first and second solar cells are connected in series. In the
series connection section, the nunber of first solar cells having first
conductivity type substrate is preferably 50%to 70% nore preferably 50%
to 60% and the nunber of second solar cells having second 35 conductivity

type SUbééuéJfﬁelt Qét%f:ér@iglé’hﬁgp@ﬂé’ 58% a'fﬁ%rtﬁeﬁ}r eh8balhn¥n 0%t Pe PR%n | f

the nunber one of first and second solar cells is extrenely
hi gh, t h@%C%‘Pl%u%%rf-’é@“e chbingttdehed ritR) SRAGIRY RATERSRYdDSF o6 érolsiﬁént i on

gaé be Iﬂﬁ&ﬁél@h@ t]ﬁ@()@éiaff%@l)l/%t ﬁé&dlrﬁdcﬁ.{mq&ﬂ@tﬁw t(-oGitedtiols tcur r ent
ensit tween t sol ar cel |l refera | up to
20% %O‘ﬁfejf%rﬁlﬁ? e’ﬂ%bi (18:&) ﬂ'ocf“?ﬁ?cl? (ﬁsﬁefré—lb& cdi nQoyl 9

shor t5— Cirtug Ui tIﬁ:mifreelﬂrauimsagay:,mtghassctloa)r n@ehfbwrm@ihbefhameamshowenlamui t

curr ent E'ﬁé‘séé%’%x\_“%&ﬁ”@é’ Byl Ldnd Shddog Nos LUG-e Bl Sy GUI T curt ent

density anon 0 sefies connecte %0 32] Exanpl e and
Cowparatl@@6¥¥%mp¢é medule vern R Hiphyeiflciengs. | [fusheafra®e but the

i nvent i ogphSiMQtidi Fbd eBrdA@r etife JdrIEPRIGR S} Q¥ sharmadanisst i cs
(short-cifcuit current densit en voltage, fil] factor, and _conversion
eff|C|enE?}a%%V%.E%I%Pec%¥?ad%% Eﬁ%ﬂﬁ?ﬂa?: Gt %nﬂﬂﬁ%}QMﬂqg'ﬁ§h§ﬁP€8 sing a
sol arp sipad@ioingl ighd iowensid yofl soluls &thwirecian A cicnoyl.obht ) .
is noted that tab wires may be connected with solder or the
like by the standard technique.
[0029]
Next, FIG. 3 illustrates an exemplary interconnection
15 of an overall conventional solar cell module, and FIG. 4
illustrates an exemplary interconnection of an overall solar
cell module according to the invention. In the jillustrated
example, solar cells are arranged in plural rows of 4 cells
by 4 cells and connected in series. TIllustrated in FIGS. 3
20 and 4 are first solar c¢ells 1 having a first conduétivity
type substrate, second solar cells 2 having a second
conductivity type substrate, termini 5 of first polarity
electrodes, termini 6 of second polarity electrodes, and an
enclosure frame 7. It is appreciated from a comparison
25 between FIGS. 3 and 4 that the inventive solar cell module
has a higher packing density of cells relative to the module
area than the conventional solar cell module.
[0030]
In the preferred embodiment, the solar cell module
30 includes a section wherein the first and second solar cells
' are connected in series. In the series connection section,
the number of first solar cells having first conductivity
type substrate is preferably 50% to 70%, more preferably 503
to 60%, and the number of second solar cells having second
35 conductivity type substrate is preferably 30% to 50%, more
preferably 40% to 50%. If the number of either one of first

and second solar cells is extremely high, then the series

-12-



[ 0033] Exanmple 1 In this Exanple, a solar cell nodule of the
structure shown in FIG 4 was fabricated as follows. 25Solar cells were
prepared using n-type single crystal silicon substrate as the first
conductivity type substrate and p-type single crystal silicon substrate as
the second conductivity type substrate. Al the cells thus prepared had a

si ze of égﬁnmggﬁ%ﬁmﬁgﬂa &}jﬁ%r %%afﬁt&%ecw skl avehtiBe s@kabecel l's

usi ng n-type substrate I ncl u short-Circuit current density of 35.1
mA cnR, &MPBBEAPYEItage of 0.619 V. a fill factor of 78.3% and a
conver5|@00§ﬁﬁ|0|ency of 17.0% The average characteristics of the solar

cel |l s using 35M0 %e subst({ i ncl uded S%l 2: ort-ci rcwt current density
of 35.1 mA cn®, CaFFen Vol J%%’iﬁ“‘-‘(ﬁ 618 SO T WA (B Y78. 5% and a
conve55|daneitycbemwyenfthé @G st and secoSﬂnselamI@eldslhs were to be

connect esra@eiasmgr upOrBO9BE" Uik BLbrGBhl WALy obfie FoLAracebys were

adj ust ed urin aration,’ so as have qui val ent short-circuit
current uwaabi yféﬁﬁﬁgcgth@rsbﬁaﬁa@ﬂépmsﬁl@§II§P@09$PSIty, theyspagrt he

sol ar cell$;ohohWRe! KASSal BndRtakLid¥udk éﬁﬂ"ren%GdeﬁsiQ!yaEﬂh(i%H mAgdyke was
fabricated within the scope of the invyention. The sp aC|nngetmeen sol ar

cel | s wadioibetnfot hBespawrad S@Pﬁ@eHlFﬁélgeFPr§Fthgeﬁﬁ Ye 2FePEpABRY and
the 40 fgaprevasodnBchBy aedlkhe frame had a width of 5.0 nm Wile tab
wires projected 3.0 mmfromthe cell |ocated at the nodul e periphery in

t he bus-bar direction, they were connected to bus-bar el ectrodes of the
next row. The nodul e t BEX&MPABri cated had a size of 413.5 mm

| ong 15 E %Z 5 mm wi de including the frane. The solar cell
nodul e t hus bri cated was characterized by a short-circuit current flow
of 3.50 A an &pemplel gage C(ompaugd iye Fxanpler fdtepgigteny Pedpw Iyd Wy

convgysi gp efficeeneyoll »atS¥e invention is not limited thereto.
In Examples below, characteristics (short-circuit current
density, open voltage, fill factor, and conversion
efficiency) of a solar cell and a solar cell module were
measured using a solar simulator (light intensity 1 kW/m?,

20 spectrum AM 1.5 global).

[0033]
Example 1

In this Example, a solar cell module of the structure
shown in FIG. 4 was fabricated as follows.

25 Solar cells were prepared using n-type single crystal
silicon substrate as the first conductivity type substrate
and p-type single crystal silicon substrate as the second
conductivity type substrate. All the cells thus prepared had
a size of 100 mm sdgquare.

30 The average characteristics of the solar cells using
n-type substrate included a short-circuit current density of
35.1 mA/cm®?, an open voltage of 0.619 V, a fill factor of
78.3%, and a conversion efficiency of 17.0%.

The average characteristics of the solar cells using

35 p-type substrate included a short-circuit current density of
35.1 mA/cm?, an open voltage of 0.618 V, a fill factor of

78.5%, and a conversion efficiency of 17.0%.

-13-



20Not ably, no failure at the cell edge was observed al though the spacing
bet ween solar cells was 0.5 nm [0035] Conparative Exanple 1

In Conparative Exanple, a solar cell nodule of the 25 structure shown in
FIG 3 was fabricated as follows. As the solar cells, only those cells
using the first conductivity type substrate in Exanple 1 were used in an
array of 4x4 W, res t he spaci bet sol ar. ceIIs t he
spaci ng for |ntséir§l€onnsteog |I§r?%l(\1 t“glbﬁfteospo% c;}gmt?cteoar dlsreerc G%n%as 4.0
mm and €has§pacitng ﬁptlha;‘upellﬂft acdudea ctthen sby aralgedilise vewas a0 j&sied . The

renai ni ngui?%ﬁ@?ﬁ?r@?%ra%ﬁbﬂd' 39 &HRe t3PGiad ah%vyaet;}atlaﬁtc ehbral o g, gedul e

peri phery and rame frame width, and tthe projection of tab wires
from t heCEBFENEt deRS 14EdaMenge PitBREr Fhasackerhe tBGS bar direction were the
sanme As [ooBkxanple 1. The nodul e thus fabricated had a size of

413.5 mmlong by 430 mmw de including the frane. The sol ar cell

nodul e fabri callédnion Wemparlan velbeamsl EwWiadyaies dot @ Agddy of 4x4
short-ciLcykt SUEBQQE Ebaw %dﬁlélgté %%b%&%at 8 ﬁlﬁf tﬁe%g_g}!& S?Tfl |

factor of 77. and a conversion I cl ency /o 5 PAl [ 0036]
1first sEﬂlﬁrlE‘éPPt%Pﬁg TIP‘?s?P%‘éWc‘P‘?W%‘?DtWEU‘B%H%t‘éaS 0.5 mm,

the spacing between the cell at the module periphery and the

10 frame was 1.0 mm, and the frame had a width of 5.0 mm. While
tab wires projected 2.0 mm from the cell located at the
module periphery in the bus-bar direction, they were
connected to bus-bar electrodes of the next row.

The module thus fabricated had a size of 413.5 mm long

15 by 419.5 mm wide including the frame.

The solar cell module thus fabricated was
characterized by a short-circuit current f£low of 3.50 A, an
open voltage of 9.88 V, a £ill factor of 77.2%, and a
conversion efficiency of 15.5%.

20 Notably, no failure at the cell edge was observed
although the spacing between solar cells was 0.5 mm.
[0035] |

Comparative Example 1

In Comparative Example, a solar cell module of the
25 structure shown in FIG. 3 was fabricated as follows.
As the solar cells, only those cells using the first

conductivity type substrate in Example 1 were used in an

array of 4x4 = 16. With respect to the spacing between solar
cells, the spacing for interconnection by tab wires in
30 bus-bar direction was 4.0 mm, and the spacing without
interconnection by tab wires was 0.5 mm. The remaining
parameters including the spacing between the cell at the
module periphery and the frame, the frame width, and the
projection of tab wires from the cell at the module periphery
35 1n the bus-bar direction were the same as in Example 1.
The module thus fabricated had a size of 413.5 mm long

by 430 mm wide including the frame.

-14-



102second sol ar cell using second conductivity type substrate 3bus-bar
electrode 4 tab wire S5termnus of first polarity el ectrode 156term nus of
second polarity electrode 7enclosure frame CLAIMS: 1. A solar cel
nodul e conprising, in an alternating arrangenent, a first solar cel
conprising a first 5 conductivity type substrate having a |ight-receiving

surface and a -1 - i Vi urd age and £lect gﬂgé . .Qpposite
polarity formag'?%n S{(%%Lﬁ |CSPTCTIIG"L \rﬁec%glll\slel r% an norﬁfllﬁghc':- eceﬁjiv%o surf aces,
respect i BEppplanwag shesacteslizedc byl acshpritsicigcaide condeadnddewi oty
type subgtsatg haMi Bged bodRhygeeo® %i.8@ 10 surfiage rakdod of 77.4%,
non-1ight-receiving surface and el ectrodes of opposite polarity fornmed on
the |ighfRfeBefOPKETEAEPNEEIACIRD YO vPng3sur f aces, respectively. 2.
The splar cell nodule of claim1, including a section 15 wherein the first
and second solar cells are connectg I E=g;es, wher ei n t he nunber of
first solar cells used in the seri e

S—-contecti on section is 50%to 70% and
the nunmbé&p0d6isecond solar cells used in the series connection section is

30%to 50% 20, 3. f&%?%ﬁaﬁe&élf%ﬂfg Ofiﬂ@hél}%:ﬂd@ét%‘gwr@&the first

conductivity type substrate 1s a n-type Sem con tor substrat'e and the
second conducti vit ypubgieatstrate is a p-type sem conductor substrate. 25

10 2 second solar cell using second conductivity type
substrate

bus-bar electrode

tab wire

terminus of first polarity electrode

15 terminus of second peolarity electrode

o B = W 1 B - N #3

enclosure f£rame
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4. The solar cell nodule of claiml1l, 2 or 3 wherein the solar
arranged at a spacing of 0.1 nmmto 3.0 mm 5. The sol ar cel

cells are
| nodul e of

any one of claims 1 to 4 30 wherein a difference in short-circuit current

density between the first and second solar cells is up to 20%

10

15

20

25

30

CLATMS:

1. A solar cell module comprising, in an alternating
arrangement, a f£irst solar cell comprising a first
conductivity type substrate having a light-receiving surface
and a non-light-receiving surface and electrodes of opposite
polarity formed on the light-receiving and non-light-receiving
surfaces, respectively, and a second solar cell comprising a
second conductivity type substrate having a light-receiving
surface and a non-light-receiving surface and electrodes of
opposite polarity formed on the light-receiving and

non-light-receiving surfaces, respectively.

2. The solar cell module of claim 1, including a section
wherein the first and second solar cells are connected in
series, wherein the number of first solar cells used in the
series connection section is 50% to 70%, and the number of
second solar cells used in the series connection section is

30% to 50%.

3. The solar cell module of claim 1 or 2 wherein the
first conductivity type substrate is a n-type semiconductor
substrate and the second conductivity type substrate is a

pP-tvype semiconducteor substrate.

1, The solar cell module of claim 1, 2 or 3 wherein the

solar cells are arranged at a spacing of 0.1 mm to 3.0 mm.
5. The solar cell module of any one of claims 1 to 4

wherein a difference in short-circuit current density between

the first and second scolar cells is up to 20%.
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