DESCRIPTION TITLE OF INVENTION SOLAR CELL AND SOLAR-CELL MODULE 5 TECHNICAL
FIELD [0001] This invention relates to a solar cell and solar cell 10 module having the
advantages of low cost and high efficiency. BACKGROUND ART [0002] FIG. 1 illustrates one general
solar cell of mass 15 production model using a mono- or polycrystalline silicon substrate. The solar cell
includes a silicon substrate 101 in which an impurity is diffused at a high concentration to form a
diffusion layer 102 and a p-n junction, and elegtpgtasigritonight-receiving surface. The electrodes
include a 20 multiplicity of electrodes (referred to as extraction electrodes) 104 of several hundreds to
several tens of microns (pin) wide, and several collector electrodes 105 as the electrode for integrating
the extraction electrodes together and intm&fnﬁmwmle these 25 electrodes may be
formed by various methods, ones®RiOCEMRNTATY 8of®edHTamMbB Iahdpoint of cost is by printing
a metal paste comprising fine particles of metal such as Ag and an organic binder through a screen or
the like, and heat treating at a temperature of several hundred degree 30 centigrade for bonding to the
substrate. On the surface of the substrate opposﬂe to the light-receiving surface, a back electrode 106
of opposite polarity to the light-receiving sidékdédtddahelisHdihéd by using a metal paste comprising
fine particleg @fpmetal such as Al and an organic blnder 35 screen printing, and firing at a temperature
of about 700 to 850(;T n the re\geoncwhere Ilght IS mct%e%t n the solar. &ell an asngligjlrecélgﬂllm 103 is

l1on reilates ar cel
formed for efficiently
10 module having the advantages of low cost and high efficiency.

BACKGROUND ART

[0002]
FIG. 1 illustrates one general solar cell of mass

13  production model using a mono- or polycrystalline silicon
substrate. The sclar cell includes a silicon substrate 101
in which an impurity is diffused at a high concentration to
form a diffusion layer 102 and a p-n junction, and electrodes
on its light-receiving surface. The electrodes include a

20 multiplicity of electrodes (referred to as extraction

electrodes) 104 of several hundreds to several tens of

microns {(um) wide, and several collector electrodes 105 as
the electrode for integrating the extraction electrodes
together and interconnecting solar cells. While these

25 electrodes may be formed by varicus methods, one method
commonly employed from the standpoint of cost is by printing
a metal paste comprising fine particles of metal such as Ag
and an organic binder through a screen or the like, and heat
treating at a temperature of several hundred degree

30 centigrade for bonding to the substrate. On the surface of
the substrate opposite to the light-receiving surface, a back
electrode 106 of oppesite polarity to the light-receiving
side electrode is formed by using a metal paste comprising
fine particles of metal such as Al and an organic binder,

35 screen printing, and firing at a temperature of about 700 to
850°C. In the region where light is incident on the solar
cell, an antireflective f£film 103 is formed for efficiently



taking in light. A silicon nitride film which is formed by chemical vapor deposition (CVD) or the like is
commonly used as the antireflective film. [0003] 5The antireflective film also has a further important
function of passivating the silicon surface. In the interior of crystals, silicon atoms are in a stable state
due to the covalent bond between adjacent atoms. However, at the surface corresponding to the
terminus of atom arrangement, 10 where no adjacent atom to be bonded is available, an unstable
energy leveltatolmyad tiddnigling bordd"ssgpears. Sinteide dédadgingrbdndisielefricakiyl abtive, it
captures angextingidshes pbardedniegansrated/withigysilaan, defracting figmqiheigpaiation of a
solar cell. To suppress thl:e Io%g %5 the S%:tar fells have been subjected to surface passivating
treatment or'otherwiss treate t%) reduce ahg‘ﬁr']g bonds. [0004] On the other hand, it is known
that danglind $®fdd are not passivated at the interface where metal and silicon 20 contact, and a

recombination rate ofRarriens isreary dughi thereall i hat iss ansieciradertristbe eppiaeied: with the
silicon S“rfaﬁ%ﬂ%rt%ﬁcg%g ﬁgggoéf%gﬁ%tidtﬁ%”%ﬁ?ﬂ%%@aé421%2' gon/ %CLE%‘%‘?C%%ré%‘ieci?ecomes

a significant loss com%%nen 0 sol characteristics. Therefore, for 25 high-e ncy solar cells,
some appro2éh&Eet@kan t& iriiiZe HOBSnBEE atdh FetfeRRSicdRedifd Slaetrb8e t86ch

approaches inclade narrowrcbritedtvasnehpeidticortatt sttuctsres. Hdieseestructitresiase formed by

partially remoyingthe Rassivatign filkn by rhotelithogranhy{see.Jer exampler-Jasgdinaploch, A. Noel,
E. Schaffer, U. Schubert, F. J. Kamerewerd, S. Klussmann, W. Wettling, Proc. the 23rd IEEE

S \
Photovdltaic™SFE&alitls EoAPsiEREe 35971 FP08s) Oéigﬁ’lﬂg Tt Bty %o eXPol8 T BhGerlying
silicon, and evapwtiAg ve prifteyra nstal Grraddnan bitadhatieppeathed isHimfoemirigea metal 35

film on the passiyatien filkeHadiatingdaserlight ag spetsitheret 4o Agptihemetalgand letting the
metal penetrate through the passivation film, for thereby forming silicon/electrode,contacts.(see, for
ample, & G FGr oo e e ot e e b S gt KT LageanE
Willeke, Proér®fe 28R IPRETHot6eVolRfic ShepémfisCdnferdfcE {RPEE D0d)e 1oss,

15 the solar cells have been subjected toc surface passivating
treatment oxr otherwise itreated to reduce dangling bonds.
(00041

On the other hand, it is known that dangling bonds are
not passivated at the interface where metal and silicon

20 contact, and a recombination rate of carriers is very high
thereat. That is, an electrode must be contacted with the
silicon surface for extracting photogenerated carriers whereas
the gsilicon/electrode interface becomes a significant loss
component to solar cell characteristics. Therefore, for

25 high-efficiency solar cells, some approaches are taken to
minimize the contact area between silicon and electrode. Such
approaches include narrow contact and point contact structures.
Thege structures are formed by partially removing the
passivation film by photolithography (see, for example, J.

30 Knobloch, A. Noel, E. Schaffer, U. Schubert, F. J. Kamerewerd,
5. Klussmann, W. Wettling, Proc. the 23rd IEEE Photovoltaic
Specialists Conference, p.271, 1993) or etching paste printing,
to expose the underlying silicon, and evaporating or printing
a metal thereon. An alternative method is by forming a metal

35 film on the passivation film, irradiating laser light as spots
thereto to heat the metal, and letting the metal penetrate
through the passivation film, for thereby forming



5 SUMMARY OF INVENTION Technical Problem [0005] However, formation of narrow contact or
point contact 1() structure electrodes requires increased costs because of many steps involved and
also because a resist material, etching paste or the like is newly necessary for patterning, failing to
take full advantage of the passivation effect. Also, the method using laser requires an expensive
apparatus and 15 cumbersome evaporation and other steps for metal film formation, suggesting that
the merits areiadanonicady vifsei: [RR06]act sA ibject f theitmeaptien whichiis magdeainder the
aforementioed Gircumsianeesds 10 Provide Asolakealband 20 sojar gefhmgdyle haying the

advantages of reduced charge losses at the electrode/silicon interface, improved short-circuit current
and open-cifdaASH e, fprovdd ¥ defitharkbieridfdd aHifhaRiRtareHdtdd% costs. 25Solution
to Problem [8BéPL1al Tetattdivtitieabove object the id0&dtibn provides a solar cell and solar cell
module @s defined below. [1]A solar cell comprising a crystalline silicon 30 substrate having at least a
p-n junction, a passivation film formed there I ormed thereon by printing and heat
treating a conductive paste, characteriz 5 %ﬁ efHGﬂ %Eopﬂlude a first electrode which is
formed such that an extraction electrode may:gantagt thesilican35 substrate for extracting
photogeneraég%gg riers from the silicon substrate, and a second electrode which is formed such that a
trode

collector ele ay contact the first
However, formation of narrow contact or point contact

10 structure electrodes requires increased costs because of many
steps involved and alsc because a resist material, etching
paste or the like 1s newly necessary for patterning, failing
to take full advantage of the passivation effect. Alsco, the
method using laser reduilires an expensive apparatus and

15 cumbersome evaporation and other steps for metal film
formation, suggesting that the merits are economically offset.
[0006]

An object of the invention which is made under the
aforementioned circumstances is to provide a sclar cell and

20 solar cell module having the advantages of reduced charge
losses at the electrode/silicon interface, improved
short-circuit current and open-circuit voltage, improved

solar cell characteristics, and manufacture at low costs.

25 Seolution to Problem
[00071

To attain the above object, the invention provides a

solar cell and solar cell module as defined below.
1] A solar cell comprising a crystalline silicon

30 substrate having at least a p-n junction, a passivation £ilm
formed thereon, and electrodes formed thereon by printing and
heat treating a conductive paste, characterized in that the
electrodes include a first electrode which is formed such
that an extraction electrode may contact the silicon

35 substrate for extracting photogenerated carriers from the
silicon substrate, and a second electrode which is formed

such that a collector electrode may contact the first



electrode for collecting the carriers drawn in the first electrode, and the second electrode and the
silicon substrate contact only partially or nowhere at least outside the point of contact between the first
and second electrodes. 5 [2]The solar cell of [1] wherein the area of the non-contact portion between
the second electrode and the silicon substrate, excluding the area of a contact portion between the
first and second electrodes, accounts for at least 20% of the area equal to the area given by the width
10 and the ovétdltiendth dicthe Setdrd bidguirodeemirusithe zyed ofwrcobtact portfoirbétween the first

and second glestrodea<[3] Biriseink calbeblid ot 1dwherein hedirshelestiade ismpartigiy santacted or
entirely overlaid )éwth the siecond e{:ectrf)ge 15[4 Th solar c:?II(ff an one of ]%eboglg Whereln the first
alo

electrode is Formed rom a gor?&hc ive pagte con alnlng §)Uln or Refdr a compound
thereof, and @fregfSH-B&Fn§ ati§R R oRbentfdionto e demenidietissd aesiteR-is included in the
silicon substiat¢ bengath thelfirskalectade.1[8] Tine selan celhef amypane of fHdo [4] wherein the

passivation (g compdses. slisan exile. sieannitide, slcon ceraile, Bl g amorhous

silicon, mlcrocri/wtalllne silicon or titanium oxide or a combination 25 th The s ar cell of any
one of [1] to BT WRERIFHRSIIRERr efErdtt ASmpREINGTRE iRk afd<RbAT el@QIddE combined is
formed on atightveeneivihg sfiffacd oradopelightdeedivmigrsuttace cidhesolas cébhor odth. 30 [7]A

solar cell module; eompsising elgelrigallycennesied golay celis-aecqrdipng{opyene ghldi Lo [6].
Advantageous (li:_ffecgs %fv!g¥%'1t5_0nlength of the second electrode minus the area

of a contact portion between the first and second electrodes.
[3] The solar cell of [1] or [2] wherein the first
electrode is partially contacted or entirely overlaid with
the second electrode.

15 [4] The solar cell of any one of [1] to [3] wherein the
first electrode is formed from a conductive paste containing
B, Al, Ga, P, As, In or 5b alone or a compound thereof, and a
reglon having a high concentration of the element diffused
therein is included in the silicon substrate beneath the

20 first electrode.
[5] The solar cell of any one of [1] to [4] wherein the
passivation film comprises silicon oxide, silicon nitride,
silicon carbide, aluminum oxide, amorphous silicon,
microcrystalline silicon or titanium oxide or a ccombination

25 thereof.
[6] The solar cell of any one of [1] to [5] wherein the
collector electrode comprising the first and second
electrodes combined is formed on a light-receiving surface or
a non-light-receiving surface of the solar cell or both.

30 71 A solar cell module comprising electrically connected

gsolar cells according to any one of {11 to [6].

Advantageous Effects of Invention

[0008]
35 Since the passivation film is completely or partially
left between the collector electrode and the silicon, the

invention reduces charge losses at the electrode/silicon



[0008] 35Since the passivation film is completely or partially left between the collector electrode and
the silicon, the invention reduces charge losses at the electrode/silicon interface, improves the
short-circuit current and open-circuit voltage, and ameliorates solar cell characteristics. Furthermore,
the process can be implemented using the existing screen-printing technology or the like, 5 which is
extremely effective in reducing costs. BRIEF DESCRIPTION OF DRAWINGS [0009] FIG.1is
a schematic jpetspettive vielnpfanexeniptaryhkbrstructumdfta camventionahsolar cell. FIG.2is a
schematic pejspRCMEWEORAM eXxRfBPIaLy stririke OF gsolar £61ldn opg gmbodiment of the

invention. FIG. 3 is a schematic perspective view of an exemplary structure of a_solar cell.in

another embBRAMERSTIHE TEGRventish. " eTBRE & iR PIARFAEN 5t oty pRRfIPLRESH
electrode forasation ddvording 6 inginventen,-@F showing & paltemlofaxtrctiohelddtkade alone, (b)
showingsa pattgrarof collestor-slpcirpde dena; ang () shewing: a gosbined 20 pattern of extraction
and collector electrodes. FIG. 5 is a diagram showing one impact on solar cell characteristics

according to the invention.
BRIEF DESCRIPTION OF DRAWINGS

[0009]
FIG. 1 is a schematic perspective view of an exemplary
10 structure of a conventional solar cell.
FIG. 2 is a schematic perspective view of an exemplary
structure of a solar cell in one embodiment of the invention.
FIG. 3 is a schematic perspective view of an exemplary
structure of a solar cell in another embodiment of the
15 invention.
FIG. 4 is a plan view of a printing plate for use in
electrode formation according to the invention, {(a) showing a
pattern of extraction electrode alone, (b} showing a pattern
of collector electrode alone, and (c¢) showing a& combined
20 pattern of extraction and collector electrodes.
FIG. 5 is a diagram showing one impact on solar cell
characteristics according to the invention.
FIG. 6 is a diagram showing the impact of the amount
of glass frit added according to the invention.
25 FIG. 7 is a view illustrating the area of passivation

film beneath electrodes according to the invention.

DESCRIPTION OF EMBODIMENTS

[0010]

30 FIG. 2 illustrates a solar cell in one embodiment of
the invention. The solar cell includes a silicon substrate
201 in which an impurity is diffused at a high concentration
tc form a diffusion layer 202 and a p-n junction, that is,
silicon substrate 201 having at least a p-n junction, a

35 passivation f£ilm 203 formed thereon, and electrodes formed
thereon by printing and heat treating a conductive paste.

The electrodes include a first electrode 204 which is formed



FIG. 6 is a diagram showing the impact of the amount of glass frit added according to the invention.
25FIG. 7 is a view illustrating the area of passivation film beneath electrodes according to the
invention. DESCRIPTION OF EMBODIMENTS [0010] 30FIG. 2 illustrates a solar cell in one
embodiment of the invention. The solar cell includes a silicon substrate 201 in which an impurity is
diffused at a high concentration to form a diffusion layer 202 and a p-n junction, that is, silicon
substrate 20&detvinghatdeast &pirjpmcion, & 36passivatinafilnn2b8dfotimen shereananad electrodes

formed thereog-y priniing4nd beatlieating,a ?HB‘E{B@Q&%E%SE%&T%%EF%PQG%MU%@ first

electrode 204 which is formed such that an extraction electrode may contact the silicon substrate for

extracting pHotdg& R aBaR i igSromN e BilRBR Wb sFaks Thade séloh Bk chods 2885 W5iEn is
formed suchstheatha tblecter eledtredd nrayed@ttécicifie finstyd elsttradé 2o ¢alkecting the carriers
f'rawnzior!sztheéii%%?@%%%-f%tﬂe@%tltﬂééﬁg@d ﬁf@t@@%@@”@%m%&ﬁﬂiénﬁfﬂgﬁ diﬁUSO:O”
ayer contact only par or powhere gutsjde the point of contact between the_first and secon
electrodes 28?%%%%% 1%%3 énaglgesgpeaas%%/aﬁéﬁ of og%%gsiﬁg“oencglfr?ﬁ:ee \ge%r(ié’eaafﬁl?hé: 48cond
electrode 20BiNbtap eehddiasieeRrodd iFuagieredld@yzos6. 001 Jon tagtaprdféradnbddiment,

the area of the:- nasweetact patinneetweengbesecond electinde andthessilicanesubstate alsa
excluding the ar f rtion betyween firs seco lectr aceounts for at least
20%, especi%f%/c%%)%o %gg‘%t%f%ﬁgéargg%q%gﬁto% %‘ar;Ia% grl%e%%ﬁqt%e% gvé)t%%a%r%\a g%%,%r& length of

the secddnd el@&rctielmfiti HBHr8S%f Bedtiiddt pofifiort BERTEEPHHRFHECAT $8cond electrodes.

Notably, a back electrode is depicted at 206.
[0011]
In a preferred embodiment, the area of the non-contact
portion between the second electrode and the silicon substrate,
15 excluding the area of a contact portion between the first and
second electrodes, accounts for at least 20%, especially 40 to
100% of the area equal to the area given by the width and the
overall length of the second electrode minus the area of a
contact portion between the first and second electrodes.
20 [0012]

Also, the second electrode is preferably formed of a
conductive paste having a less content of glass frit than the
glass frit content in the conductive paste of which the first
electrode is formed. Specifically, the second electrode is

25 preferably formed of a conductive paste having a glass frit
content of up to 2% by weight, more preferably up to 1% by
weight. The glass frit content may even be 0% by weight.

In this embodiment, the first electrode is preferably
formed of a conductive paste having a glass frit content of 8

30 to 20% by weight, more preferably 8 to 10% by weilght. A
glass frit content of less than 8% by weight may result in
insufficient contact with the high-concentration diffusion
layer, which can increase electric resistance and degrade
solar cell characteristics. A glass frit content of more

35 than 20% by welght indicates an excess of electrically
insulating glass component, which may result in a lowering of

conductivity of the electrode itself, and excessive



20[0012] Also, the second electrode is preferably formed of a conductive paste having a less
content of glass frit than the glass frit content in the conductive paste of which the first electrode is
formed. Specifically, the second electrode is 25 preferably formed of a conductive paste having a glass
frit content of up to 2% by weight, more preferably up to 1% by weight. The glass frit content may even
be 0% by weight. In this embodiment, the first electrode is preferably formed of a conductive
paste havingiafjidssifatdamentioiod 3640 &ffp dyemaighty Mmarevpreterakbly Sstoeli%odyeveaight. A glass

frit content of jessthan 826 Ry weightimay raalﬁys@asza&aff@'g%eontﬂ@%ﬁn?%Bigﬁ%&@ﬂon

diffusion layer, which_can increase electric resistance an ade solar cell characteristics. A glass
frit content of WF&35%hER SH84 BY SWeigREindratacsq e§8é%of°§1é&tn88ﬁ’fﬁ1§ﬁﬁlﬁaﬁg§s‘

component, WhidBrhay result in a lowering of conductivity of the electrode itself, and excessive

infiltration of glass campanangin bekveernie eleeisadeand thahigh-gancepiratign diffusion layer,

leading to incre ed eI tric resi nce and d ded solar cel harac ristics. [0013 Althqugh the
first electrodeqzr%% IS pa%tc Iy!&c?%)n Sted Wltcﬁn??ge siecodﬁﬁc’(?ectr%o}f]lg %es otar cefl ﬁr]FI . 2, the

first electrodBB04 rhay Becerftitdl§ oveHarlwitHehe Sécaiy eleetrosé -3953@5 ST LI N otably,
a silicon substates3@hradhigh«cpnceataton difusirolayen 10 B2, a passiustignfiin 303, and a back

electrode 306 are szt in I 3,§9014) Riefaraly, ey elesioge s orme g1 gonductive

paste containing B, Al, Ga, P. As, In or Sb alone 15 or a compound thereo en a region having the

elemert®difftdrath H@ﬁ%ﬁ%@ﬁﬁﬁtl&i’m&ﬁéd itk &liBarEupdrat IR atPthe™igt electrode.
[0015] illustrated in FIG. 3.

f00l1l4]

Preferably, the first electrode is formed of a

conductive paste containing B, Al, Ga, P, As, In or Sb alone
15 - or a compound thereof. Then a region having the element

diffused at a high concentration is formed in the silicon

substrate beneath the first electrode.

[0015]

Preferably the second electrode has a higher resistivity

20 than the first electrode.

[0016]

It is noted that the passivation film is preferably
formed of silicon oxide, silicon nitride, silicon carbide,
aluminum oxide, amorphous silicon, microcrystalline silicon

25 or titanium oxide or a combination thereof.
[06017]

Preferably, the collector electrode comprising the
first and second electrodes combined is formed on a
light-receiving surface or a non-light-receiving surface of

360 the solar cell or both.
[0018]

Now, one exemplary method of fabricating a solar cell
according to the invention is described. The invention is
not limited to the solar cell fabricated by this method.

350 [0019]
An as-cut monocrystalline {100} p-tvype silicon

substrate in which high purity silicon is doped with a Group



Preferably the second electrode has a higher resistivity 20 than the first electrode. [0016] Itis
noted that the passivation film is preferably formed of silicon oxide, silicon nitride, silicon carbide,
aluminum oxide, amorphous silicon, microcrystalline silicon 25 or titanium oxide or a combination
thereof. [0017] Preferably, the collector electrode comprising the first and second electrodes
combined is formed on a light-receiving surface or a non-light-receiving surface of 30 the solar cell or
both. [0018]III Mdwmend exewplary nBethodGH fabricatinga sdlarcall aecordintutbtiire dvention is

described. The.inyentjons not limited to the salay cell fabricate his method. 35[0019] Ill element

such as B org| G]ai i)oagtgigi€§ ajfgsi%%\(/:%yeof 51.31%!5 5 Q?(?nI}I(I:S' e?gjﬁ%y Fk/@‘lthsé{elcttlj%%.o aIkaIt solution of

sodium hydregidievor putdssisrhdsydroxide taving a condewrdtibn dfed/io1@0% by weight or mixed acid

of 5 hydrofhf@aiﬁ@efcﬂﬁt@a@?aﬂc @gidsfmﬁaer@%!zingfh@awié@a&a%@ﬁ%&fa@@ilay% Thﬁ . "

monocrystalline silicon substrate ma ve been prepar, either the CZ or FZ method. Notably, a
¥ h ?fﬂﬁ%u IH % 3 trlé}a%ﬁé;#@é'RF§EVln (ﬁﬁ

monocrystal -type sTiicon substrate i whic puri con'rs doped " With a Group V

element 10 S\FIRES P W 6Ask8 e a rERRIMRPBFDNSbaELd1ag may beusesuhstead ! Besides
the monocrysiatinesiicosaolyorysialtine siiconisithstratesepreparad by the:easting or ribbon growth

n“ﬂhOd'naxﬁ§§9£§ﬁqsgg'%%%%&rystalline {100} n-type silicon substrate in

which high purity silicon is doped with a Group V element
lo such as P or Sb so as to give a resistivity of 0.1 to 5 Q-cm

may be used instead. Besides the monocrystalline silicon,
polycrystalline silicon substrates prepared by the casting or
ribbon growth method may also be used.

[c020]

15 Subsequently, the substrate surface is provided with
microscopic asperities known as texture. The texture is an
effective means for lowering the reflectivity of solar cells.
The texture may be readily provided by immersing the
substrate in a hot alkaline solution of sodium hydroxide,

20 potassium hydroxide, potassium carbonate, sodium carbonate,
sodium hydrogencarbonate or tetramethylammonium hydroxide
{concentration 1 to 10 wt%) at a temperature of 60 to 100°C
for about 10 to about 30 minutes. Often, a proper amount of
2-propancl is dissclved in the alkaline soluticon to control

25 the reaction.

(00211

The texturing is followed by washing with an agueous
acidic solution such as hydrochloric acid, sulfuric acid,
nitric acid or hydrofluoric acid or a mixture thereof.

30 Washing with hydrochloric acid is preferred from the cost and
property standpoints. To enhance cleanness, washing may be
carried out by mixing 0.5 to 5 wt% of hydrogen peroxide with
aqueous hydrochloric acid and heating at 60 to 90°C.

[0022]

35 On the substrate, a high-concentration diffusion layer
is formed by vapor phase diffusion using phosphorus
oxychloride. In the other embodiment using an n-type



15Subsequently, the substrate surface is provided with microscopic asperities known as texture. The
texture is an effective means for lowering the reflectivity of solar cells. The texture may be readily
provided by immersing the substrate in a hot alkaline solution of sodium hydroxide, 20 potassium
hydroxide, potassium carbonate, sodium carbonate, sodium hydrogencarbonate or
tetramethylammonium hydroxide (concentration 1 to 10 wt%) at a temperature of 60 to 100C for about
10 to about 3@ bsnutese Oftehea ipighercamoenttafa?-poapahit Sudissolvad retheiak&linensdlution to

control 25 thgyreagtion. [BA2UThe: textiringis Jellawed Dywashing Wik apamuepusaAcidig,solution

such as hydrochloric acid, sulfuric acid, nitri§ acid or hydrofluoric acid or a mixture_thereof. 30 Washing

with hydroch‘f@ﬁgnggid%%ﬁﬁgﬂeﬁ ?arjo‘?ﬁ:tk?ee dét arfd Brblbe?t’g}%?éﬁdﬁbimggfo %ﬁhgﬁggl%ijeanness,
washing magbéxcarried ot by aliing 9% iy v o6 b hydrdentperoxieiedvitts ugtieddshydrochloric
?cid ag% he@:«m@;l @Q:B:t_?f%- [992;1135?@ tahe(syas&ﬁgtﬁﬁwghﬁoa@@%@&m gjfgugiﬁ@ laygiids
ormed by vapar phase diffusion usin sphorus oxychlaride. In other e iment using an
n-type subsfr% e,afﬁg hig ?gor?c}é%r{ll%gg?ﬁ g[l)ﬁ%s?gr? Fa‘%%l?s forme be \I/Jaspjbcr)%h‘g%sl:é‘olcﬁfffsvf(?n of boron
bromide or cth&®HEE HAToRfRoR 3 ie6n So&R defis - a prn RINCHSA iR badkm&RDnly on the
light-receivinfiisile sTothis epdrsuitable & medes musidpedaken forievoidieg aoyp:a ¢gunaiion on the

back surface,far gxanple, by carrying,qui,dfysiop hils,two ubsirates. are mated fagether, or by

etching away the diffusion layer on gne side in aqueous alkaline solution or the like. At the end of
diffusiorf, the*§iaE896rmd BTN $6 Sufrhed id¥ehBled ashg HatsHuricH d dHife like. [0023]

Next, an antiréflectibn/passivation film is formed on the light-receiving surface. Using a chemical vapor

Next, an antireflection/passivation film is formed on
the light-receiving surface. Using a chemical vapor
deposition system for film formation, a silicon nitride or

15 similar film is deposited to a thickness of about 100 nm.
Often a mixture of monosilane (SiH,) and ammonia (NH,) is used
as the reactant gas although nitrogen may be used instead of
NH,. Also the desired refractive index may be obtained by
using H, gas to dilute the film-forming species, to adjust the

20 process pressure, or to dilute the reactant gas. The film is
not limited to silicon nitride, and may be replaced by silicon
oxide, silicon carbide, aluminum oxide, amorphous silicon,
microcrystalline silicon or titanium oxide which is formed by
heat treatment, atomic layer deposition or the like.

25 [0024]

The passivation film is not limited to silicon nitride
£ilm, and it may comprise silicon oxide, silicon carbide,
aluminum oxide, amorphous silicon, microcrystalline silicon or
titanium oxide or a combination thereof, as mentioned just

30 above. These films may be deposited by the standard technigue.
[0025]

Next, only an extraction electrode corresponding to a
first electrode is screen printed on the light-receiving
surface of the substrate using a printing plate having a

35 pattern as shown in FIG. 4(a). Once a silver paste is
prepared by mixing silver powder and glass frit with an

organic binder, the paste is printed and heat treated so that



deposition system for film formation, a silicon nitride or 15 similar film is deposited to a thickness of
about 100 nm. Often a mixture of monosilane (Si!-!4) and ammonia (NH3) is used as the reactant gas
although nitrogen may be used instead of NH3. Also the desired refractive index may be obtained by
using H2 gas to dilute the film-forming species, to adjust the 20 process pressure, or to dilute the
reactant gas. The film is not limited to silicon nitride, and may be replaced by silicon oxide, silicon
carbide, alumihlmeoxigeramolplsousasiigem eniceacry stattina giliconeorgisanitira®dde Whick is formed
by heat treatment atpmjc layer depositiep pi dhe fikg, %%togé%labl%ﬁe pageyayQ film is not limited

to silicon nitride film, and it maty&comprise silicon oxide, silicon carbide, aluminum oxide, amorphous

silicon, micr&tPEtafihg Wi TBFRENI GRFo Kl B EsmBRStioR et i S8 nenfiBnEd §ust B0 above.
These films ma§besdepdsietintpdberstanddmdeprtigaen[00258epidiexd, etly4lilextraicton
electrode coygspeRding & eftalelgetiods issaen rntetban thelighivegeiying surface of the
substrate usiﬁ]goazgr]inting plate having a 35 pattern as shown in FIG. 4(a). Once a silver paste is
prepared by mixing silver powder and glass frit with an organic binder, the paste is printed and heat
treated so that silveriFarf&esdiPpeneraeehidighfthélpakavhasn fif tHpicaiy-ailicenitride film
to establish elgciricaleandycting bstiween te electrode angdhe silicopi sk G e @clitsiiglest@de
printing pattgry is QEE:‘E&%%‘?‘E@%% ?QggeS §gc%n%gl§ggogg SD{;Q%% pattern depicted at 402. [0026]

r e

In order to enhance the fill factor of the solar cell by reducing the ochmic contact between the first
electrodfe anBAE HRBALHHERAED &Wb‘?’r@&séﬂrﬁ@?%ﬁ%iéﬁ%ﬁc@ﬁﬁ’aﬁ@n rREIRS diffusion
layer may bectoemeillin¢hea skicbs substeatedrereith the fist ekectretlectt Bodd,.Gay £.#\s, An or Sb
alone or a ceqgpoynd fheregtis prewigusly sdded:to dhe firss elegirodedpuping; consluctiye paste, then
a high-concegtn(g tignémpq{g %Efusign layer can be formed in 15 the silicon substrate at the same time
as the firing gef 16Ring BlebFddep&et& PrntiAG - ARRBIIT tHECRAB GRS hB 3 hbtrity-26ded to the
conductive pasEWwaERIE X Eompdsipivn of Yol dfivelgasté Ay sy ermaraberétomeénded from a
ﬁpnhsidegatiomm‘;trﬁ_wgsgfur%?g@_&e%wta#@n@%@ §ai;§er)|§qﬂ@jL@gtr@qimmi,&r%a@%wﬁuch that the
igh-concentratign impurity diffyusion. layer fqormed in the silico strat ave a maximum
oty concaAToN e 4 e A 1B AT Re e T o AL AT G o D8 dtamoms. The
upperHnﬂtoFﬁﬁnﬁﬁ?%ﬁﬁE@hﬁ%ﬁ%ﬂﬁsto the conductive paste varies with the

composition of conductive paste, it is generally recommended

from a consideration of the work functions of metal and

20 silicon to adjust the impurity amount such that the
high-concentration impurity diffusion layer formed in the
silicon substrate may have a maximum impurity concentration
of at least 2x10' atoms/cm’, more preferably at least 5x10'°
atoms/cm’. The upper limit of impurity concentration is

25 2x10% atoms/cm’.
[0027]

On the first electrode thus formed, a collector
electrode corresponding to a second electrode is screen
printed. The printing plate for the second electrode may

30 bear a pattern of collector electrode alone as shown in FIG.
4{b), or a printing plate bearing a pattern of extraction and
collector electrodes combined as shown in FIG. 4(c} may be
used whereby the first electrode may be overcocated. In the
latter case, solar cell characteristics may be further

35 improved by setting the conductivity of the second electrode
higher than the conductivity of the first electrode for

thereby reducing the electrode resistance loss.

~10-



252x1022 atoms/ce. [0027] On the first electrode thus formed, a collector electrode corresponding
to a second electrode is screen printed. The printing plate for the second electrode may 30 bear a
pattern of collector electrode alone as shown in FIG. 4(b), or a printing plate bearing a pattern of
extraction and collector electrodes combined as shown in FIG. 4(c) may be used whereby the first
electrode may be overcoated. In the latter case, solar cell characteristics may be further 35 improved
by setting thé @daddctivity of the second electrode higher than the conductivity of the first electrode for

thereby reducing the glectiagledesistanceloss - 28t o rm A1 S8RORd Sleqtode; fgsming silver
paste, a paste |n hlcp1 adg |ves are modified éo that the ‘ﬁasswatlon film fire-through Cﬁﬁablhty of the

second electrode oring SCsiivar B8s@fiall BRIowaFtHih thaRbf tmq‘lrglaﬁgath&éL?& ngSilver
paste is used Igrth&prepete ceradihingtthe pastivatisadiim dtisdrethin ode fifst siscti@de-forming

region. [902%]111333@ mﬁ@ti@@jil@girgd{;}&ugﬂ@paﬂiﬁgﬁ ofeonrductive paste can be controlled by
the content of ass fri é gl épaste Th Iass frit sed herein i g p%gfer%dgg selected fron}glass
materials mc?u SiZbb- E) §| PB%l 8 B SI-Bi-Pb $ER I Malrials. 15[0030]
The back eIé&%@é3§?&n@@b§’ﬁﬁﬁlﬁﬁaﬁ&rﬁﬁluﬁ%b@vﬂ’é?%’thté‘rﬁﬁrg%ﬁz Bikd@é&tand screen printing
the resultingguaste: IRrddingdsitalloyveckly &iring at a temperature of 700 to 850C for 5 to 30 minutes to

form the backglgefrode 20 and second electrode. Firing of the back electrode and the light-receiving

surface electrode may be performed at a time. Also, the order of forming electrodes on opposite
surfaced mayberewgégdpaSSlvatlon film fire-through capability of

conductive paste can be controlled by the content of glass
frit in the paste. The glass frit used herein is preferably
selected from glagss materials including B-Pb-0O, B-S8i-Pbh-0,
B-5i-Pb-Al1-0, B-5i-Bi-Pb-0, and B-5i-Zn-0 materials.

15 [0030]

The back electrode is formed by mixing aluminum powder
with an organic binder and screen printing the resulting
paste. Printing is followed by firing at a temperature of
700 to 850°C for 5 to 30 minutes to form the back electrode

20 and second electrode. Firing of the back electrode and the
light-receiving surface electrode may be performed at a time.
Also, the order of forming electrcdes on opposite surfaces
may be reversed.

The electrode forming methed is not limited to screen

25 printing and may be performed by dispenser, aerosol spraying
or the like.

EXAMPLES
[0031]
30 Examples and Comparative Examples are given below by
way of illustration and not by way of limitation.
[00321]

[Experiment ]

Study on area of passgivation £ilm beneath second electrode

35 and glass f£frit content of conductive paste

Solar cell characteristics were examined as a function

of the area of the passivation film left beneath the second

-13i-



The electrode forming method is not limited to screen 25 printing and may be performed by dispenser,
aerosol spraying or the like. EXAMPLES [0031] 30Examples and Comparative Examples are given
below by way of illustration and not by way of limitation. [0032] [Experiment] ~ Study on area of
passivation film beneath second electrode 35 and glass frit content of conductive paste Solar cell
characteristics were examined as a function of the area of the passivation film left beneath the second
electrode (i.&laorcodrct area bemmsercsadonetelesteadd attysiizon): opdste eas-pepared by
mixing silvergaQyder; agerganic binder and B-Pb-O glass frit. The paste was printed 5 onto a silicon
substrate having a hifgoh-con‘gtentration diffusion Ia%er formed therej'[n and a silécolp nitride film

(passivation film) of Opr?rﬁ ﬁ.oY%%’sep%EﬁBé‘ ]fﬁéilreox, and ﬁpe% Sy‘iLe &%6 FPSolaréell. The cell was
immersed inHRAYEGiLHHE30I9E AnayFR-Re®iddtfodasithereffoim. BySIoediemg), Heinted
electrode-formning ragisn Wasoautsail esra test satinlke; AN BpeR-CHeut ¥akkaga was measured by

placing probgs 2k Q0RASI'e S{acr.aily seR A LR AP TIU L SUHENE YR AM 1.5 to
the light-receiving surface. 15[0033]
{paSsivation film) of 100 nm thick deposited thereon, and
fired, yielding a solar cell. The cell was immersed in aqua
regia to dissolve away all the electrodes therefrom. By

10 dicing, the electrode-forming region was cut out as a test
sample. An open-circuit voltage was measured by placing
probes at opposite surfaces of the sample, and irradiating
simulative sunlight with AM 1.5 to the light-receiving
surface.

i5 [0033]

FIG. 5 shows the open-circuit voltage versus a
percentage of the area of the passivation film left beneath
the electrode. The percentage of the area of the passivation
film is an average of 6 samples for each conductive paste.

20 For the open-circuit voltage, an average, maximum and minimum
values are plotted.

As seen from FIG. 5, the rise of open-circuit voltage
slowed down near a beneath-electrode passivation area of 20%
and the wvoltage became substantially saturated at an area of

25 40% or greater. It is regarded preferable from these results
that the passivation area beneath second electrode accounts
for at least 20%, more preferably at least 40% of the second
electrode area.

[0034]

30 In the diagram of FIG. 6, the glass frit content of
silver paste used in the test is on the abscissa and the
percentage of the area of the passivation f£ilm left beneath
the second electrode is on the ordinate. The glass frit
content of silver paste which results in a beneath-electrode

35 passivation area of 20% and 40% is about 2% and 1% by welght,

respectively.

~12-



FIG. 5 shows the open-circuit voltage versus a percentage of the area of the passivation film left
beneath the electrode. The percentage of the area of the passivation film is an average of 6 samples
for each conductive paste. 20 For the open-circuit voltage, an average, maximum and minimum values
are plotted. As seen from FIG. 5, the rise of open-circuit voltage slowed down near a
beneath-electrode passivation area of 20% and the voltage became substantially saturated at an area
of 25 40% ol §fsd%dr. It is regarded preferable from these results that the passivation area beneath
second electrode acegunts i i {east 9% BQre piriarably-aldeasiHita of the seeerd glecirode
area. [0034] C’-.~OIrL11 ;tlhdeedrisaggaorﬁo FCIJ(an. g,ltgne g)ass frit content of silver paste used in the test is on the
abscissa ang?he percéntage o he"hréa of the passivation film left beneath the second electrode is on
the ordinate. The gla&d &it cOnfEHtRaiNERPdste WhiEH FEsUt8 $n & HeHeali¢efatbae8passivation
area of 20% el 4Q%6dsabenke2rayik 1 Yoy eigierispectivelyhf0Q8blar Jdielpassivation area
beneath the seeand electrode 3(?4 gge@q%gg_ogggqﬂ ﬁ@lsgl'\:r:ﬁl (AT m 'ﬁ@lly illustrates a sample
the solar ce

surface of 5 the second electrode-forming region in rom which the electrodes have been

dissolved avi8? Théaliafibfards idaéinétad 8qGard fhkCarkife it ifetit ™ §6Cond
electrode-forimiafjdegmnstdcant eleudmngdestsecoihtice eeigidmini@rbeatiohe %04 (fiatis, net

second 10 electrodeareal minysibedatal apa eLapats 792 Where the secend elpctrode pengtrates

through the pissivati(()ﬁgu film 70 tage of %Lassivation area is a ratlo of the passivation

) A
o g R e BT oA Lot RS e et B ettt ded s iEas Gifacs
image by 15sedigitdl caperaratbintage pritessingh f003H) the passivation f£ilm 705].

A percentage of passivation area is a ratio of the
passivation area to the net second electrode area. The
passivation area can be measured by taking a surface image by

15 a digital camera and image processing.
[0036]

Examples and Comparative Examples

To demonstrate the benefits of the invention, a solar

cell having a conventional electrode structure as comparison

20 and a solar cell having an electrode structure according to
the invention are compared for electricity generating ability.

There were provided 100 as-cut boron-doped {100} p-type
gilicon substrates having a diffusion depth of 250 um and a

resistivity of 1 Q-cm. The subsirates were immersed in a hot

25 conc. potassium hydroxide aqueous sclution to remove the work
damaged layer, immersed in a potassium hydroxide/Z-propanol
agueous solution to form a texture, and then washed in a
hydrochloric acid/hydrogen peroxide mixture. Next, the
substrates, with their back surfaces mated, were heat treated

30 at 870°C in a phosphorus oxychloride atmosphere to form a p-n
junction. After diffusion, phosphorus glass was removed with
hydrofluoric acid, followed by washing with deionized water
and drying.

Thereafter, using a plasma-enhanced CVD system, a
a5 silicon nitride film was deposited over the sample surface as

a light-receiving side antireflection/passivation film.

-13-



Examples and Comparative Examples To demonstrate the benefits of the invention, a solar cell
having a conventional electrode structure as comparison 20 and a solar cell having an electrode
structure according to the invention are compared for electricity generating ability. There were
provided 100 as-cut boron-doped {100} p-type silicon substrates having a diffusion depth of 250 pm
and a resistivity of 1 2-cm. The substrates were immersed in a hot 25 conc. potassium hydroxide
agueous solution to femadvel thepwarkcdahagecdayeh anmensad-snte potassen hytldedde//2epropanol

aqueous solpfian 4o forpradextyie. mndsthen washad ini a hydiockipric aciditydiogen perexjde mixture.

Next, the substrates, with their back surfaces mated, were heat treated 3Q at 870C in a phosphorus

oxychloride SHRSSHEEY0 LALLM fancHSA &xEr AFuBon" BhEdstctulyddisnas PEBYER with
hydrofluoric @€idf slitwah By aeehing withdeiomieed water anuuning Critspafter, Hsmgrain

plasma-enhaneed CVd) systems 8 3nailiseraitide filmmrasidepqsited aventhe sagmie syrface as a
light-receiving_sid tireflection/passivation fim. tti%is oint of time, the substrates were
divided into f%cj)' Ié%ié;soﬁ%%da@,d;i lc(::ﬁoéln'sis |ﬁg %}?%Ossuu Stra etse." N eggl%isr%ra es %?ﬁlr}&p? A. using

a printing plREFRARG alpsitietn BATEEAnd REbherdlebfodes st accbrnbndserédiPag stdvih in 5
FIG. 4(c), firstar@secaendrlectrofas Wrte sinaltaneausty piinted ence-and dsieda® npthersidastrates

of group B, usjng &A1ining plata Baing.a paliem,aLfirst electrade alane;op A sqresn as shown in FIG.

4(a), only first electrode was printed and dried. An identical silver paste was used for groups A and B
while the pa8fFedhidinett3dbhy REJFHE of BESRARPH-G §idE #ie4A8 futffe Pedtialibd®Hr by weight
of a phosphgd.asconipdindfet faumiherhigbndericendralidniaiffusidyiay e £ 00 3FhdNexhatusminum

paste was seiggRJiied o¥ekiaiagck L5 sugace ol adihe subsirates andsdrigd. jERgtgafter, firing at

780C was ¢ r(gigg,i c:lut in air atmosphere for causing the silver electrode to penetrate through the silicon
nitride film t esta% ish conduction to silicon and simultaneously causing the aluminum electrode on
the back surface to 2e&dtabishebHdietiBAIE SiliEaR. Fravap ANha bittodeestaisishedkconduction

to silicep ovelits asiresutentlinticatisgibathiesiomaantagtdea beteen-alest-ode apgsiicon was
g:ﬁ’ét'rrc‘)ggou%ﬁ- FYINUng plate of Fl G4l vasused- 1, Igr0R RSN FCligde: ;3 the second

silver electrode to penetrate through the silicon nitride
film to establish conduction to silicon and simultaneously
causing the aluminum electrode on the back surface to

20 establish conduction to silicon. In group A, the electrode
established conduction to silicon over its entire extent,
indicating that the non-contact area between electrode and
silicon was 0%. In group B, a printing plate of FIG. 4{c)
was used to form a second electrode, and the second electrode

25 was formed to overlie the first electrode. A silver paste
was prepared by adijusting the amount of glass frit added such
that the non-contact area between second electrode and
silicon might be 80% and adjusting ingredients such that the
paste might have a higher conductivity than the first

30 electrode-forming paste, and this silver paste was coated by
screen printing and heat treated at 750°C in air atmosphere
for curing.

In order that group A follow the same thermal history

as group B, group A was subjected to heat treatment at 750°C

35 in air atmosphere in the same firing furnace as group B.

The sclar cells of groups A and B were measured for

cell characteristics by a current-voltage tester using

-14-~



25'was formed to overlie the first electrode. A silver paste was prepared by adjusting the amount of
glass frit added such that the non-contact area between second electrode and silicon might be 80%
and adjusting ingredients such that the paste might have a higher conductivity than the first 30
electrode-forming paste, and this silver paste was coated by screen printing and heat treated at 750C
in air atmosphere for curing. In order that group A follow the same thermal history as group B,
group A wasssubiaégtedive heianfréatnientiatly589C 35 3n air&nissphefaripnthBadahee liringMigrnace as
group B.  cdhesobr celsh grounsod AR were tneasuied farieall chesacterpliasiby-a
current-voltage tgg’&e{éjlsln&lsirgulggve E%r&li }H with AM 1.5. As seen from Table 1, the cells of group
B according o The nvention show sup%rior haracteristics to group A. 5[0038] Table 1  Short-circuit
current (mA/cm2) Open-circuit (V) voltage Group A

5 [0038]

Table 1

Short-circuit current

Open-circuit voltage

(mA/cm?) (V)
Group A (prior art) 36.0 0.622
Group B {invention} 36.2 0.629
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(prior art) 36.0 0.622 Group B (invention) 36.2 0.629 CLAIMS: 1. A solar cell comprising a crystalline
silicon substrate having at least a p-n junction, a passivation film 5 formed thereon, and electrodes
formed thereon by printing and heat treating a conductive paste, characterized in that the
electrodes include a first electrode which is formed such that an extraction electrode may contact the
silicon substrate for extracting photogenerated carriers from 10 the silicon substrate, and a second
electrode wHigiiB¥6rmed such that a collector electrode may contact the first electrode for collecting
the carriers drawn in the first electrode, and the second electrode and the silicon substrate contact
only partially.or nowt}%rg a Ierast gﬁsi%e ;[{per;:)Loir.l;[1 15 a(.)f gontagt Eity\ﬁeeen thle_ first and second
electrodes. i The solar cefl of SIai | Whersin the aréa of the ﬁon-%:ontasc%p%ﬁ%% between the second
electrode an84RéE SHRRbA uBSirhee, @kcl@fRfthe dreh ofincontast pottimssivation £ilm

5 formed thereon, and electrodes formed thereon by printing and

heat treating a conductive paste, characterized in that
the electrodes include a first electrode which is

formed such that an extraction electrode may contact the
silicon substrate for extraciling photogenerated carriers from

1¢ the silicon substrate, and a second elecirode which is formed
such that a collector electrode may contact the first
electrode for collecting the carriers drawn in the first
electrode, and the second electrode and the silicon substrate
contact only partially or nowhere at least ocutside the point

i5 of contact between the first and second electrodes.

2. The solar cell of claim 1 wherein the area of the
non-contact portion between the second electrode and the
silicon substrate, excluding the area of a contact portion

20 between the first and second electrodes, accounts for at
least 20% of the area equal toc the area given by the width
and the overall length of the second electrode minus the area
of a contact portion between the first and second electrodes.

25 3. The solar cell of claim 1 or 2 wherein the first
electrode is partially contacted or entirely overlaid with

the second electrode.

4. The solar cell of any one of claims 1 to 3 wherein the
36 first electrode is formed from a conductive paste containing
B, Al, Ga, P, As, In or Sb alone or a compound thereof, and a
region having a high concentration of the element diffused
therein is included in the silicon substrate beneath the

first electrode.

-16-



20 between the first and second electrodes, accounts for at least 20% of the area equal to the area
given by the width and the overall length of the second electrode minus the area of a contact portion
between the first and second electrodes. 25 3.The solar cell of claim 1 or 2 wherein the first electrode
is partially contacted or entirely overlaid with the second electrode. 4.The solar cell of any one of
claims 1 to 3 wherein the 30 first electrode is formed from a conductive paste containing B, Al, Ga, P.
As, In or Sb alone or&heormpdand deeréof; indrayregien dévingaal lighlconcedtraficir efithetdlement

diffused thergifsisineluded in-thersilieaty syhsttate bepeath theifitst elgetiaqde,, 5 Theisplar cell of any

one of claims 1lto 4 Wherei%t e pasiivation film co@grises silicon oxide, silicon nitride, silicon carbide,
. Sa 1Con cl;]ar 1lde 4 LM NI qftl I amorP OlilL? S d‘leC8n . .
aluminum oxide, amorphous silicbn, microcrystalfifne Silicon or Titanium oxi r'a combination 5

thereof. 6. THeCsBlgrvEtaldypens bl élaihs Ao BlivhRidln tifséSifecear dlecpodenompeRing the
first ancssecene etastrodes combined is formed on a light-receiving surface or 10 a non-light-receiving
surface of the solar cell or both. 7. A solar cell module comprising electrically connected solar cells

according to any one of claims 1 to 6.
6. The solar cell of any one of claims 1 to 5 wherein the

collector electrode comprising the first and second
electrodes combined is formed on a light-receiving surface or

10 a non-light-receiving surface of the solar cell or both.

7. A solar cell module comprising electrically connected

solar cells according to any one of claims 1 to 6.
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