DESCRIPTION TITLE OF INVENTION SOLAR BATTERY MODULE 5 TECHNICAL FIELD [0001]
This invention relates to a solar cell module io comprising solar cells in the form of semiconductor
devices. BACKGROUND ART [0002] A solar cell module fabricated from crystalline solar is 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-ree&R&Bd ZLkfAte side and an 20 electrode of second
polarity (opposite to the first polarity) on a non-light-receiving surface side are used, then the electrode
of first polarity on the light-receiving surfaggrsidegRusirpesgamected to the electrode of second polarity
on the non-light-receiving surface side %Eﬁ?%%@ ining 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.

TECHNICAT FIELD

[0001]
This invention relates to a solar cell module

10 comprising solar cells in the form of semiconductor devices.

BACKGRQUND ART

(00021
A solar cell module fabricated from crystalline solar

15 cells is generally manufactured by providing solar cells
based solely on substrates of one conductivity tyvpe 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 pelarity (opposite to the first polarity)
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 electreodes.

3¢ [0003]

In the conventional solar cell medule menﬁioned above,
an attempt is made to arrange sclar cells as closely as
pogsible 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



30[0003] In the conventional solar cell module mentioned 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 nop:light-receiving surface sidas..anattemptito teducedheispacing.eeteeen solabealis-tg a
distance of 3.0 mm or less encounters a %rqblem of cell edge fa(yure due to 1I:he t%ending i;[ress of the
iy O

tab WFEIHRE cAtiseSredctio Bithe patikiry dEHE of 8olaCalis Féiativa to the arga of the solar
cell mashhe r[P0OH] =01 s@necapproachato. this problem ds &y retiuchsy trd #icksdds BPdve tab wire itself
simply[g%r tb]e purpose of reducing the bending stress of the tab wire, although another problem of
increased wiring resistance arises. Another approach_is described, for exar?1 le, in JP-é fzot%sé14726o

(Patent Doc@#enERPH5RFbshRY &SHfaPEaPhBtuts ifWhiG aTabwir8Ts broviaBasFitT a pre-bent
portiopaBndg the tak ydng isscapnectédsuchethat:the-bentportimiuisidigpodbed betweean asljaset cells,

thereby_ reducing the bending stress,of the tab wirg and preventing call edge failyea [00Q3kng This
methO(f, however, fhas drawbacks that a tab wire havinga special bent portion must be_preé)ared, and

the presehes oithe Bt Pbrtio AR e2S 3RRECEHhSctiohERGHP B the tdb FifE™Rhis eXRAcitbating the
fill factor of $lae sotarscell medste. GITATEN LIST PATENE DO Ch/MsNT{0Ce6[ Patedt Dociment 1:
JFLA\%%Q%}}ﬁZ%ga wire is provided with a pre-bent portion, and the tab wire

ig connected such that the bent portion is disposed between adjacent

cells, thereby reducing the bending stress of the tab wire and

‘preventing cell edge failure.

[00065]

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

exacerbating the fill factor of the sclar cell module.
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PATENT DOCUMENT

[0006]
Patent Document 1: JP-A 2008-147260

SUMMARY OF INVENTION

PROBLEMS TO BE SOLVED BY THE INVENTION

[coo7]

Embodiments of the present invention seek to provide a solar cell
module which is improved in module conversion efficiency by increasing

the packing density of solar cells relative to the area of the solar

cell module.



SUMMARY OF INVENTION PROBLEMS TO BE SOLVED BY THE INVENTION [0007]

Embodiments of the present invention seek to provide a solar cell module which is improved in module
conversion efficiency by increasing the packing density of solar cells relative to the area of the solar
cell module. MEANS FOR SOL¥ING THE RRAOBLEMS {0808k mmd he inventors have found that
when a first solar cell comprising a substrate of first conductivity type having a light-receiving surface
and a Wﬁéht-reeeiving surface and electrodes of opposite polarity formed on the light-receiving and
non-light-recehéng susfacessrespectively@dndha sevord soldricelkcomprisinged substmate sfsecond
condugtivitytype apposite tothe first conductiyity fype having glightyecgiving siiface.and a,g
non-light-receiving surface and electrodes of opposite polarity formed on the light-receiving and
nonlightFEa&RirtFSurfacBE resifEttiveRy: Hré AterfHiety Sfranged o4 LotrEaF mBtuREottstructed in
whichgbedirst solareethbaving:an eleetrode ok firstepaiarityngnd thelsecond- 3ok cetlshadingran
electragie. pl secong agladt gpposite ja the [ialpelatly ate bixtaposse i a Gami oo plane. dds
arrangement ensures that the first and second solar cells are connected in series by connecting the
electr6desS6R tHE liGREAELENING SUrfaceto ¥RpsdtHer SAd i elbtrBteSBRME HoR-ightste&iving
surfaceste: @ach: othemwith dab wires; and the-celis are closely agtanged-at aispacing 043<0 s or less,
wherepy he.pagiing density of solar.cels glatie g ihe, area of {he solareell madyle ay be.
increased, lea INg to |mppr’8ve& module conversion e iciency. The arrangement may facilitate
attachhiehtofrtretabiire S adadfiinatethieestréss die tGife tab Wires iSrele i8R @dgé failure
and ingraasingdhe yieldofdnaruiashae-whtieh ensue fabricationrofa highlyaeliakieisatarceld; module.
The embodiments af present.invention is predicated on these findings. It is noted that of the
electrc‘)"lélesegr? e cﬁ%ﬁt-r%%e%fnrgsgn Cr)rl]%%ﬁg t-rggév%%esu?f%%%%%th%r? % erctr%%ﬁég oﬁ?%gléﬁ% 58%10 200
um widésghiehdare formeg orrthe solbecellfroAPsedate actoss Bifs-bat efectrdgésd foitEollééting
outputs, gresreferedite as Jingeselgstiades”, andrelativelydhick-elestrodes afraloutdos3 myn wide for
taking out the oug%n coI!Lected b)i Ehe fingeer electroqcesdare referreg to a%"busé%%r elte;&tlrod %e [0009]
Accorditg 16 8F4Spe&fofthe Presént nvention. thers is provided a solarcell foduie comprising a first
solar celkcompiising ern-type sidgleherystalssitidon substraaehaving ehght-reddieing sadacetsnd a
non-lightzraceivipg suifacgandhaving:an imputity; diffusionclayer fsmegdby diffusing./Graup H
elements to the Ii%rtn-receivin surface of the ?ubstrate to fgrm a p-n!unctjon thefregn, the first solar cell
furtherhabhy &acrédés 81%%60%%615%? red BRIRE liGht-rec8RATg Bhd onzlight Fecéing
surfacésgrespéuctively; aricka secondsofancélt romprising a p-g/pessingletiystaltsilidore salysirate
having,a light-recaiving-syriace.and.a RQ%;'BQ@H%%@A!H&%@ rfage @ndsan imputndiffusioulayer
formed by diffusing group V elements to the light-receiving surface of the substrate to form a p-n
junctiotPthErEBh theeSd s 86kar celf RirtHEr ARG SictPsties GHoppodite piarty foimed & the
light-receivingsand wiore kghtredeiving. surfaces, réspectivedyssaidfist solartded andlsaidvseeend solar
cell being alternately.arrangad sodhat the elecirode onthelightrecelvingsurtace,of the-ficst solar cell

and the electrode on the light-receiving surface of the second solar cell is linearly connected in
commBRiREn&ERHSUt ShEREEARa% diffieenBbIR ShoRediéht BurfehtdefGl b&WEEF thefifst and
secondrseldr cells bety upde20%inventhefirstapndsétondsblan cells sray heddomzected in series,
wherein the rymier gl dieatsolaygelisuseddn the sesaconagetiofn.serlignmaye ooy (0.44%. and
the number of second solar cells used in the series connection section may be 30% to 50%.
non-light-receiving surfaces, thin electrodes of about 50 to 200 um

wide which are formed on the solar cell front surface acrogs bus-bar
electrodes for collecting outputs are referred to as '"finger
electrodes”, and relatively thick electrodes of about 1 to 3 mm wide

for



The first conductivity type substrate may be a n-type semiconductor substrate and the second
conductivity type substrate may be a p-type semiconductor substrate. The solar cells may be
arranged at a spacing of 0.1 mm to 3.0 mm. A difference in short-circuit current density between the

fist and gegand.solancells gy edin 1020 APVANTAGEQLSFERECTS OF JNVENTIQRJO010]
The solar cell arrangement and interconnecting method accgrdlng fo embodiments of the Invention
may pefinitthé 1%?@ Ry GIOSHar cells relative to the area of the solar cell module to be
increasedpwhereby the module conversion efficiency is improved. Additionally, since the stress
applied from tab, wires to the edge of solar cells can be reduced as compared with the prior art
method, a hig le/orgi%&% s%l%r cge]fl module %anobtce % ﬁcat%gaei%eilr%pro%%‘%r%%%%?éctu?g%/)?glds:.L%RIEF

DESCRIPTIONIOF BRAWINGS [00Ad)1le Preri filusirates andxemplary sefies conpettionof solar
cells in.a prieypet selaiaell neddles FiG:laikeing ansess-sestianal Mew and Elg« b-being.aplan view

of the Iigh%—receivin surface sigﬁg t“FIG. 2 illustrates ag exemplary series connectjon of solar cells
in a solar call modiile according 16 IRe iRvention "EIG 2R iRy & RrosSRbth8nalView T ERE. 2b
being &idlansiew ofatietighrracsiviny stifalbesside. GroWGT 31s alsmantewof thddightieddeiving

surface.sidexshowing-anexesmplany infgreennedion,okanpverall prior.ar solar cellmadule. .. FIG.
4is a @Ian \éiew %trhecleiigqt-r ceiving surface side, showing an exemplary interconnection of an overall

solar cell'fodtife atcofding 1 the Thvertion DESTRIFADN Ur EMBODMBRT[0012) Formed

on the light-receiving and non-light-receiving surfaces, respectively,
and a second sclar cell comprising a p-type single crystal siliceon
substrate having a light-receiving surface and a non-light-receiving
surface and an impurity diffusion layer formed by diffusing group V
elements to the light-receiving surface of the substrate to form a p-n
junction thereon, the second sclar cell further having electrodes of
oppcsite polarity formed on the light-receiving and non-light-
receiving surfaces, respectively, said first solar cell and said
second sclar cell being alternately arranged so that the electrode on
the light-receiving surface of the first solar cell and the electrode
on the light-receiving surface of the second solar cell ig linearly
connected in commeon plane without a bend, and a difference in short-
circuit current density between the first and second solar cells being
up to 20%.

The first and second solar cells may be connected in series,
wherein the number of first solar cells used in the series connection
section may be 50% to 70%, and the number of second solar cells used
in the series connection section may be 30% to 50%.

The first conductivity type substrate may be a n-type
semiconductor substrate and the second conductivity type substrate may
be a p-type semiconductor substrate. |

The sclar cells may be arranged at a spacing of 0.1 mm to 3.0 mm.

A difference in short-circuit current density between the first
and second solar cells may be up tc 20%.

4



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 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 between solar cells ARdiHé HitkResE thétdot Bor EoAERARAEe sake, finger electrodes are

omittedl §0013] The invention is directed to a sla.r cell module in which a first solar cell(s)
comprising arfist genductivily typg-substatebavng ailighiresehdng surfacewania fomdlighteeceiving
surface and elegirodes.of oppasite palarity.formed an the light-recgiving.and non-ight-Teceiviag

surfaces, respectively, and a second solar cell(s) co%nﬁprlsmg 10 a second (%;on u tl\{ltyt pe %ubstrate
havin&%%%t-?&?@ﬁin& ShfabB%and% nottlight F8ceRiing SUrfate dd efedtrodBRBr Spposite Folarity
formed o treight-redEviigand ron-lighticceivipigrsifacss, reSprelivery aré alterhaistytranged.
This sataricalbmodule isscanstructed aisrehawn in 15BIG owhesgingolarscells l-haviagaefirst
condugfiyity type substrate,and.solar.cglls.2 haying.a second:copductivityype subgirate.are o
altern t%bf\f”ar%ge d, z%?q[d bus-?ar elecce'gli] de§n g, ar cognectg%eby Eag Wires 4dHelre|n,itnrl1e %OQ%UCUVHy
type of tve stibstrate of the first Solarcellis opposi?e t6 the 280 conduc |vi?y ?ype of the Substrate of the
secontSBlar-EeH For eRaftfple, when the foLmer is n-type, the latter is p-type. Also, the polarity of the
electrode on the light-receiving surface of the substrate of the first solar cell is identical with the polarity
of the electrode on the non-lightgeegiving 2mxsurace afthesubstrate of the second solar cell, while
the elect 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 B the B0%ihvBATIGACEE sRBWHHERS b, 3oF sXanfiE fheHtheYrsEEoRT cBfitd Yisposed
with thelighterebmivingsatdcerofits Substiale fadiii§ upvrarke thg secord sot@cesit disposed with the
light-reggivingssurfacef:its substeatefasing apyrard; sgrbat the elecirnde opdbe lightseceiving
surface 35 ofihe first sqlarcell.and the eleciipde.en the lightreceiving. suface ofihe, secand solar cell

may be linearly connected in a. common plane witq:out &bend. 00t1,4c1 FIzr&_}this e ggliqme%t, the
conduttivify typeF sGBstral iptirity TRUSIoMFIayér, ARtirefBLive tBating and otiierComporients of
the sofrasellsSaséd vietéin &y béitfactlfd 2b being a plan view of the light-

receiving surface side.

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

FIG. 4 1is a plan wview of the light-receiving surface side,
showing an exemplary interconnection of an overall solar cell module

according to the invention.

DESCRIPTION OF EMBODIMENT

[0012]

Now, embodiments of the invention are described in detail with
reference to the drawings although the invention is not limited to the
illustrated emwbodiments. Throughout the drawings for i1llustrating
embodiments, like characters represent parts having the same function
and idteration of their dJdescription 1s omitted. For eage of
understanding, drawing is made in exaggeration with respect to the

spacing



5 with well-known examples. The solar cells may be prepared by the well-known method described in
JP-A 2001-77386. [0015] The semiconductor substrate of which the solar cells are constructed
according to the invention may be, for lo example, a p- or n-type single crystal silicon substrate, p-or
n-type polycrystalline silicon substrate, non-silicon compound semiconductor substrate or the like. For
the single crystal silicon substrate, as-cut sin%g crystal {100) p-type silicon substrates in which high

n

purity silicon i@ BbBREAWRA 1 a Wrbtd APEIMEnT SaER 2 HordtEPGatiumRY® provide a resistivity of
0.1 to 5 Q-cmeray¢riased. Sihitar HFipgesilkcbrrsgbseatezrdoped Widta Group V element such as
phosphorus, apgimany or arsenic are also useful. [0016] 20With respect to the purity of the single
crystal silicon substratg,Wsed-hsieiih subpstiates wikh a-lowerseaneenitatiopsimetaldmpurities such as
iron, aluminum and titanium are_preferred in that higher, efficiency solar ¢ells;cap hs fapricated using
longer Iifefr’inmewshullgzstrgtes:.i"xl'%e fgﬁs?ﬁglg%?(sgﬁlsﬁ%éggf Esu'Iti)t{é%raetle may be pre arejél b)%fny methods

including the CFRh B MHthGBMEY&Ei midiic BFEG& SO WRtATR pP&viBusly purified by a
well-known prBeBsssdith-a8 tivd Slemh etarprte st £ 8RS R e inPPRCEBEFe method. 30[0017]
The thicknessafiserhigorfdunteri substrhte isiphaferablyii@0 $o 860 nom-andimoneeprdfetally 150 to 250

pm, for a balaggemidhe costand-yield of subsirale sapgrepnyrsion-efficigncydithe sesigtivity of
SenﬂconqydngSygggﬁﬁeé%nductivity 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, are alternately
arranged. This solar cell module is constructed as shown in

15 FIG. 2 wherein solar cells 1 having a first conductivity type
substrate and solar cells 2 having a second conductivity type
substrate are alternately arranged, and bus-bhar electrodes 3
are connected by tab wires 4. Herein, the conductivity type
of the substrate of the first solar cell is opposite to the

20 conductivity type of the substrate of the second solar cell.
For example, when the former is n-type, the latter is p-type.
Also, the polarity of the electrode on the light-receiving
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 itg
substrate facing upward, the second solar cell is disposed
with the light-receiving surface of 1ts 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.



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 may become
broader, but the crystal cost may be low. [00181 5In the embodiment of the invention, the first
conductivity type a}y be either n-type or p-type. The second conductivity type may be p-type when

fbt the first conductivity type, or n-type when -ty%eﬁis selected for the first
e

m
n-type is sele ted" 5 , _
conductivity type. 10[@018P1s erRrAtGAl: thBSHRARE RN FefetaBRPSoREEd with

microscopic asperitiebkiovifessitexiarerThetssugélisciri effectivdingansdortéducing the surface
reflectance of salgbaelissThe texkrednay hetaadisdsd previded hyydippinginadwisalkali agueous

solution syich as,0qjum ArXIde- 10020 . AS tothg-imRyity diffHsion Javer, g impurity source
used may be slecied figm Group V.elements. such as, 20 phosphpyus, ggaenic and antimony and
Group Il elemerits such as boron, aluminum and gallium. In one example, an impurity diffusion layer
may be formebOB)}?He vapor phase diffusion process using phosphorus oxychloride for phosphorus
diffusion, for instanceThetisisricongdiec hent stekaivietds 26 ploferabilcatfédouttahah atmosphere of

phosphorus oxyehlesigeretnthe: ke at8b8it0dd0ARC fhe 20ne-4E amutes: Also meferably the impurity
diffusion)layehaga thickness 040,30 R gnd Bgredreferabiv.Om 1R Amelf the impurity
‘ﬁﬁugon'aye%ES%E%%%%“ﬁ@??%??@égﬁfﬁﬁgagkiicon substrate, non-silicon

compound semiconductor substrate or the like. For the single

crystal silicon substrate, as-cut single crystal {100} p-type

silicon substrates in which high purity silicon is doped with

i5 a Group IIT element such as boron or gallium to provide a

resistivity of 0.1 to 5 £-cm may be used. Similar n-type
silicon substrates doped with a Group V element such as
phosphorus, antimony or arsenic are also useful.

[0G16]

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 mathod.

30 [o017]}

The thickness of semiconductor substrate is preferably
100 to 300 um, and more preferably 150 to 250 um, £or a
balance of the cost and yield of substrate, and conversion
efficiency. If the resistivity of semiconductor substirate 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 & limitation on ingot



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, Ieading to a lowering of conversion efficiency.

Diffusion of boron, for exa gple ma be effectedb aFEg com erC|aII avall‘e%)le

boron-containfig &5&8ng & %iryl R Ahe hedt tréattd dﬂl 816 6C1r f61%0 to 80 minutes to fault
a diffusion lay@&ts [@UgithWcﬁﬁvéﬁi’dﬁ%%?ﬁ’ébﬁ%Féﬁﬁf@a% reRiFoRThiSt B&%¥ormed solely on
the light-receivigpsar faceafiethisterid thsuttapie alearnss formapoitiingtformation of p-n junction on the
back surface isgereggrably employed, for example, by stacking two substrates together prior to 10

diffusion, or by forming.a Si0, {3k file a&%dﬂﬁwgmﬁskmﬂm@@k surface prior to
diffusion. BeS|des the . yapor phase dlffu5|$n me%hod the r‘?p dlff smg layer Jnay alsg be formed

by another techn On t& st SuCh as s%‘?een p¥|n INg Or Spin coa The antireflective film is

preferably a SIRRHATEfOtAEE GERY &%Yaé’rﬁa%?@?yﬁ’é?ﬁdﬁﬁé’%elﬁr SEheftisfef fifm including a
SiO, film resukthg fidms theraraluwsxidatidy avrtbg SiRR filntfrenetier abdurdtsthickness is preferably
20 70 to 100 =eu40823] Onrthensemicantusiaasulsirateythugpebtained, electrodes are formed using
the scregp pripgggdechnique or the like. The shape of electrodes is not particularly
Additionally, the substrate surface is preferably
provided with microscopic asperities known as “"texture.” The
texture is an effective means for reducing the surface
reflectance of solar cells. The texture may be readily
15 provided by dipping in a hot alkali agueous solution such as
sodium hydroxide.
{0020]
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 exanmple, 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 pm, and more preferably 0.5 to Z.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



25 limited. The width of bus-bar electrodes is typically 1 to 3 km, and the number of bus-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.
30100241 In the screen printing technique, a conductive paste obtained by mixing conductive particles
such as aluminum powder or silver powder, glass frit, organic binder and the like is screen printed.

After printing, TREPESte 3¢ HakBY5 8P 7BOBBI0ETBF 81138 nTinttdd fo At Blectrodes. Electrode
formation by tAE¥mstinFiechifiglic i préfdiedthltABlghelétRBdEsTRAY HsdDebBrepared by
evaporation amtingpettetingiiechnmguest Mersoveraetactrodes on the light-receiving and
non-light-recepgpg surfaces may be baked at a time. In this way, an electrode of first polarity is formed

on the light-receiving §Hrfégﬁﬁﬁgféﬂéﬁsgﬂ£§&5 Qé‘i’é{lg ggﬁggogd gﬂvi%y&gggbstrate and an

electrode of second polarit %%posne to the first polarltéls formed on the non-light-receiving surface of

the first solar Z8ff ‘SIRilAT 5T efsetfode 8P s&BEnd TBIARE ETEIHEY SRTHETight-reteiving surface of
the second sof&f-EefMaviry 891 03k ritredsd e ify 8irelaghsrateaan@arPéldttibde of first polarity
is formed on thenrdridghtre déivirgsirface Hithe Seqpref salab Lelleranydmpterwherein a n-type
semiconductosssathstrate iy selected:as thafisisonduesyity dypesebsiaieaneka p-type

semicongdyictog sphstralg is Jp sglesind aadhe second capdyctivity tyRq sibsirate, the electrode of first
polarity is a nega ive electr%d?{acr)lg tpﬁe elgctr de of;second J;{)g)lfaq:t% ia ositive electrode. [0025] In

51 mas a, L ase I S0,
the solar cell mo u'fe o?r%he Invention, aﬁ leas 25 one ﬁrstpso ar cell an atlJIeasflone second solar cell,

both defined & abt%8, 5he afBRRRRIE6 RSP F-88riBE Htfor HSardRY=#& thus connected solar
cells may be a&sdpsdiated sugranainspfenbredingueh &y etpgithervifgchsdaie (EVA) copolymer, to
complete a sclar selt#padpleinting or spin coating.

i5 [0022]

The antireflective £ilm is preferably a SiNx f£ilm
formed using a plasma CVD system or the like, or a multilayer
film including a 8i0, f£ilm resulting from thermal oxidation
and a SiNx film formed as above. Its thickness is preferably

26 70 to 100 nm.
[0023]

On the semiconductor substrate thus obtained,
electrodes are formed using the screen printing technigque 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 of‘bus~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.

3¢ [0024]

In the screen printing technique, a conductive paste
obtained by mixing conductive particles such as aluminum
powder or silver powder, glass frit, organic binder and the
iike 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 technigque is preferred
although electrodes may also be prepared by evaporation and



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
1109-51117. [6B26}850HE pRefeRErembodiarenvsithecdGiar vefiafodinlecbfthe invention is described
in detail with refereneedodheidranings nlelG 11 ghistratesian egempiancseriesronmesiiooad of solar cells

in a conventiopal solgy:gell madulg: angdRIG. Lilkstiaies an exemplany %i%s_ng@gnggtion of solar cells
in a solar cell gyadilg ageorng, e e IpYenion, £1G3-4a804,22 e Gossiserlional uiys, and FIGS.

lb and 2b are 5 lan views as V|ewed rom the light-receivi ?%:surface S lustrated In FIGS. 1 and 2

are first sdlar E&ils 1havifig =it Wefiatictvity fyse RhpEHRaTE, SEcofd ot IR TRy a second
conductivity type SESSPSL HLRATBAY e RIZBVTEES3 tandiabiHFES 429 biedry] 15 fHa@ednventional
solar cell modate bh& @l -Cormistsafcsolad.oglls afiavg adfif st benddckvitysbfpesubdfrate. As such,
the bus-bar elgetkoderaytheldigbtreraaiviag ssfaer side ppldheryus-bar eleelsoda omthe

non-lightrecelving, 5 8uZaca sileaic-coangetad By fabaHlies 9 2ehiea serlganpection. An

attempt to ) arrange sglar ce Is $¢ oseyé %'ble or therp rpose_of mcreasmg the module

conversion efﬁmency can resultin a te allure due ot Bena’lng &ffess ta[f‘)L eres 20100281
polarity is formed on the non-light- recelving surface of the

second solar cell. In an example wherein a n~type
semiconductor substrate is selected as the first conductivity
type substrate and a p-type semiconductor substrate is

15 selected as the second conductivity type substrate, the
electrode of first polarity is a negative electrode and the
electrode of second polarity is a positive electrode.

[0025] '
In the solar cell module of the invention, at least

20 one first sclar cell and at least one second solar cell, both
defined as above, are alternately connected in series and/or
in parallel. The thus connected solar cells may be
encapsulated with & 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 subsgtrate as in
conventional modules or a film as in conventional modules
along with the encapsulating resin, a super-straight
étructure, 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 manufacitured by any well-known methods, for
example, the method of JP-A H09-51117.

[00286] _

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
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On the other hand, the solar cell module 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 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 tg be connected to each other

by tab wires tAcRRVR s&Hes 50 Bbrih e R 8125 uRCAafacEHt telieHa§ b BhsElfarranged at a
spacing of 3.0 bRfESE Exp cinlREEIPAATDrIesd of tReRpreiPbetife8A ElsA_%bB large, the
packing densitynofasclal gells¢élativedolibesarsardfitie solativellimodois may berrsduced, resulting in

a lowering of iagdute: 3a:c0nvessionificianms Althaugh arshariersspaginghetmeeneells is desirable, a
spacing ofat least, 0.1, mm ig preferredsbecayse,a, (90 glose hacing allows.for contagt between cells,

causing fissure or chi%%m &In ang%her embodéi[ment wh@fr,eln an ericlosur%{rame is aftached, the
spacing betweeh THe BREBIUIE frania and S sélatcelfarthe Hdtile %%rlp%elryftgﬁferfﬁu?st row) is
preferably 0.1%6Z58 MmN MG PreteraBR0 U 0% tnS oA ameEpatibSis4oo narrow, the
frame may ovédapbe sot@ccalfitcrnvieca Shatpw ioss, saebuitingtia .a leweirag of module conversion

efficiency. If theikame spacing isdaodapags Hhe packing density of solar cells relative to the area of the
solar cell;moduylg,may be reduced, 10 resulting in a lowering of module conversion efficiency. It is

noted t_hat tab wires n]@/ebe gggge%%% }ﬂth gglégler o&gﬂenlllgg li)é tk(\jéfslgair&qarfl tegrtl&%%%. [0029) Next,
FIG. 3 illustrates an exemp?ar iRterconnection s of & overall conventional solar ee module, and

FIG. 4 illustrate8 &7 EXEnfHARFintErebrhetibhisftar RevSF E8 VRO RHESELBF§ing to the
invention. In tHe ilkistiatet exdpslebav|aricallsrade anantied ikightarevsividealistfirdecells and
connected in sares.dilastrate doiisFikzS. 3120-andak ace: fitsiesalan ceigithawagiarfingf conductivity type

substrate,;secondrseiar £ehs 2having:mhaeeandspnductiviy dype SURSHAlG «fefmink3 of first polarity

electrodes, termini & 9f;3gcond Polarity, glectrodes, andAn snSloswe AmE 7/l iz appigciated from a

comparison possible for the purpose of increasing the module conversion

efficiency can result in a cell edge failure due to the

bending stress of tab wires.

20 [o028]

On the other hand, the solar cell module 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 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 fo achieve seriles

20 conhection. 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
hecause a too close spacing allows for contact between cells,
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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 e suRSURLS [ RLeGraRladihlp 708 MRUERteTRrally 0Bl and ihe number of

second solar cells having second 35 conductivity type substrate is preferably 30% to 50%, more
preferably 405885 8885 i 1h&RtnSed SFgﬁﬁ%}:r{bn%%f f?%?%ln%gsga?ﬁvg %%é#yé"eﬁé‘ ?sigf({lr}é?nely high,

then the serieE@BaneBoRtRirfFRLEKIFG RUVahtAlE SFABTRVBRTGRIAEY UEiEbEeHte. [0031]
Moreover, a diffeterice prshertatiicuitcdrrent 5-dengity benrepnafiedfiBlang-dedond sblar cells is
preferably updg 20% rapee preiesabiyadpde H¥orWithartoarmudiedifiereacean shet-cieuit current

density, the spjar celhmoduls has.a shertgirguiteasmntdansity-whiah may be limited to the lowest
short-circuit c%r)r_ent densci)t%/ amon the 10 series co%ected cells. %%(wePLfFrL%%:BZ] Example and

Comparative x%?ﬁ%fégare glvenube oW ‘fv*&é&“’" SEELCAenty
spacing is Too broad, the packing density of solar cells
relative tc the area of the solar cell module may be reduced,
10 resulting in a lowering of module conversion efficiency. It
is noted that tab wires may be connected with solder or the
like by the standard technigue.
f0029]
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 sclax
cell module according to the invention. In the illustrated
example, solar cells are arranged in plural rows of 4 cells
by 4 cells and connected in serieg. Illustrated in FIGS. 3
20 and 4 are first solar cells 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 elecirodes, and an
enciosure frame 7. It is appﬁeciated 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,
+he number of first solar cells having first conductivity
type substrate is preferably 50% to 70%, more preferably 50%
to 60%, and the number of second solar cells having second
35 conductivity type substrate is preferably 30% to 50%, moxe
preferably 40% to 50%. If the number of either one of first

and second scolar cells is extremely high, then the series
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15 of'illustration, but the 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/m2, 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 ollows, 2R0lar,cqls.ere RigRaIed S (ype,Single, gysfal sijigon substrate as
the first condup%wty type su stratd an p-t)gpe smgnle grysta silicon Substrate as the second
conductivity tyJ¥8af4ttafe. All the cells thus prepared had a size of 100 mm square. 30The average
characteristicd P #id solar cells using n-type substrate included a short-circuit current density of 35.1
mA/ce, an open voltagepi8:619 \& atfilt facter o 7th3%hand aiconvetsiomretictency of 17.0%. The
average charaglgustigs obhe snlancellusing 3Rpeyps:sUhsiiale inghidedia short-circuit current
density of 35.},1UALGIN5: 91 P b V9age 0L Q018 b2 lIgClRy A7 G546 apd @, cqygsion efficiency
of 17.0%. much difference in short-circuit current demsity, the solar

cell module has a short-circult current density which may be

limited fto the lowest short-circult current density among the

10 series connected cells.

EXAMPLE
{0032]
Example and Comparative Example are given below by way
15  of illustration, but the invention is not limited thereto.
In Examples below, characteristics {shorit-circuit current
density, open voltage, f£ill factor, and conversion
efificiency) of a solar cell and a solar cell module were
measured using a solar simulator (light intensity 1 kW/m?,
2¢ spectrum AM 1.5 globall.
{60331

Example 1
In this Example, a solar cell module of the structure

shown in FIG. 4 was fabricated as follows. -

25 Sclar 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 sguare.

30 The average characteristics of the solar cells using
n-type substrate included a short-circuit current density of
35.1 mA/cw®, an open voltage of 0.619 V, a £ill 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
3%.1 mA/cm’, an open voltage of 0.618 V, a fill factor of
78.5%, and a conversion efficiency of 17.0%.

13-



Since solar cells were to be connected in series to construct a solar cell module, the solar cells were
adjusted, during preparation, so as to have an equivalent short-circuit current density among other
characteristics. 5[0034] Using the solar cells of two types in an array of 4x4 = 16, a solar cell
module was fabricated within the scope of the invention. The spacing between solar cells was 0.5 mm,
the spacing between the cell at the module periphery and the lo frame was 1.0 mm, and the frame had

a width of 5.0 mm. WHiITE'Eb R prEfdd@d™ S B mbR RS IRB G BRatd BEHEMb8ule periphery in
the bus-bar difSRRIERREY WvER EFn e Mois bafhdebrdass &t thé neeond justed The module
thus fabricatedirathg gpze:pbdd 8ivmunsongsl 3 byhdl/S Samnegvide=neluding the franseuIbe solar cell

module thus falarieated wasLhayasharize by a-shor clrauit-gurentilow of 3.50 A, an open voltage of
9.88 V. a fill facigkgf, 77.94, and a conversion efficiency of 15.5%. 20Notably, no failure at the cell

edge was observed although the spacing between solar cells was 0.5 mm. [0035] Comparative
Example 1 In EdHRTardtReSorampte ld Sotfr cEPniotRaE cftheREsFarusé $dwn in FIG. 3
was fabricated assfpllewss Lesrthe=gdalaneéts cortysthoserdells-agingithieifir st censkictivity £ype substrate

in Example 1 vigyeysachividl. The spacing between solar cells was 0.5 mm,
the spacing between the cell at the module periphery and the
1c frame was 1.0 mm, and the frame had a width of 5.0 mm. While
tab wires projected 3.0 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 soclar cell module thus fabricated was
characterized by a short-circuit current flow of 3.50 A, an
cpen voltage of 9.88 V, a fill factor of 77.9%, 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.
Az 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 in 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-



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 in the bql,";:l;lbars g%g%tlon yeere ()t%glsea e as in tEx&trg@llec%.nmg ;[@9 module thus fabricated

had a size of 413.5 mm long By 430 mm wide inclu mEchtﬁe?rame. fie soiar cell module

fabricated in CorfRt§tiVE EXAPRAVES il abierfz By & ShoR e Ut aht fidRMor8.51 A, an open
voltage of 9.90 \b1a fill faptornsfiy Maddagtd afcdhmilsion effiélédcyEafisR®hb PARTS LIST [0036] first
solar cell usingdstcenduetivibty persulasisaiey? a€cand slar cell using second conductivity type
substrate 3bus-bar electrode '

PARTS LIST
i0036]
i first solar cell using first conductivity type
substrate
10 2 second solar cell using second conductivity type
substrate
3 bus-bar electrode
4 tab wire
5 terminus of first polarity electrode
15 6 termiﬁus of second polarity electrode
7 enclosure frame
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4 tab wire 5terminus of first polarity electrode 156terminus of second polarity electrode 7enclosure
frame CLAIMS: 1. A solar cell module comprising a first solar cell comprising a n-type single crystal
silicon substrate having a light-receiving surface and a non-light-receiving surface and having an
impurity diffysignslayer formed by diffusing Group Il elements to the light-receiving surface of the
substrate to form a p-n junction thereon, the first solar cell further having electrodes of opposite
polarity formed on the light-receiving and non-light-receiving surfaces, respectively, and a second solar

cell compyising a,p-1yRe single erysial sllicopsbsirate, having a lighttegealying sujface and a
non-light-receiving surface and an impurity diffusion layer formed by diffusing group V elements to the
light-receiviigPsurfddedofthe Stk ate e formE Pt fuhclion Hssreofuiprtserondisbianeell further

having electriodgs;of,apposite polarity fored,gg the Hsﬁtrffﬁma&@egwm higegeiving surfaces,
respectively, said first solarcell and said second solar cell being alternately arranged so that the
electrode ¥PhBaGHLFe elvitGtFfaes cHihd Arst@Blareef antrfassle&vode 6/ A5 ight-receiving

sgrface Of:;_tfl&.&?cfﬁﬁ %ﬂ%&%‘t@ ”B@?‘HM&%@%@I‘@%@_&QW@%@ planerwithoysa Pﬁ@_d' and a
difference in short-circuit current density between the first and second solar cells being up to 20%. 2.

The solar eRTHSEHE FRUGRTT, iAckidihg #ReEHSRWHEFSIRTRe fiftant isetondSHiar cells are

connected- i seres; wwharekhtheRpmberetigksolar cellsusad in theiseries.conpggtion section is
50% to 70%, and the number of second solar cells used in the series connection section is 30% to

50%. 3. THE'sMRF cdf FGdUE OF SFAML, D RRBret B sEIBFeeNs- B SNAFGEF L a spacing of 0.1

mm t0 3.0-@khectively, and a second solar cell comprising a p-type
single crystal silicon substrate having a light-receiving
surface and a non-light-receiving surface and an impurity
diffusion layer formed by diffusing group V elements to the
light-receiving surface of the substrate to form a p-n
junction therecn, the second solar cell further having
electrodes of opposite polarity formed on the light-
receiving and non—iight—receiving surfaces, respectively,

gaid first golar cell and said second solar cell being
alternately arranged so that the electrode on the light-
receiving surface of the first solar cell and the electrode
on the light-receiving surface of the second soclar cell is
linearly connected in common plane without a bend, and

a difference in short-circuit current density between

the first and second solar cells being up to 20%.

2. The solar cell module of claim 1, including a section
wherein the first and'second solar cells are connhected in
series, wherein the number of first solar cells used in the

series connection section is 50% to 70%, and the number of

16



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

solar cells are arranged at a spacing of 0.1 mm to 3.0 mm.
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