DESCRI PTI ON [ Ti de] COVPOSI TI ON FOR FORM NG N- TYPE DI FFUSI ON LAYER,
METHOD FOR FORM NG N- TYPE DI FFUSI ON LAYER, AND METHOD FOR PRODUCI NG

PHOTOVOLTAI C CELL [ Technical Field] [0001] The present invention
relates to a conposition for formng an n-type diffusion |layer of a
photovoltaic cell, a nmethod for formng an n-type diffusion |ayer, a nethod

for producing a photovoltaic cel I DEBBREPIEP2Ei fically, the present invention
relates to a techni que which enables the formation of an n-type diffusion

| ayer on a certain portion of silicon which is a sem conductor substrate.

[ Backgr et Art] [0002] A related art fabrication process of a
silicon photovoltaic¢ cell is_described hereinbel ow. First, in order

to realize m%@l\@QSIH%NéP%OB\FVHIﬁ& NrbY B QIERUSION LAVERMETHOR FOR a
p-type lsd)kl\/ﬁﬁl@.‘r]ﬁypﬁ’ﬂ@tIFFﬂ?ﬁOT@%Aa{%SEquegﬂF‘{’H%FBR@ ﬁeqlNen a |ight

receiving side I1s prepared, an | ecte 0 a treatnment at a
t enper abHPFOMOIDBIE GEBBOC for several tens of mnutes under a mixed gas
at nrosphere of phosphorus oxychl ori de (POC13) as a donor el enent-cont ai ning
material, nitrogen and oxygen, thereby uniformy formng an n-type

di f f usi [echry Fieldjccording to this nmethod of the related art, since
difoS|®ﬂﬁ phosphorus is carried out using a mxed gas, the n-type

di f fusi ayer is formed not only on the surface, but also on the side

face and the TiR3fre3Hf thd&Gion TQAtet %&iﬁﬁﬁﬁﬂsfor fobRl Jﬁ%tg?@ﬁﬂf&dﬁ%ﬁ for a

side etching process to renove the n-type diffusion on the S|ée face.
Fur t herof aphetayoltgis el afmsibp@fprlf@zy@ng ot nitype difusios myﬁa@enmb@lj@r prodpeing

convert t s i,ngl | u num past e
o assi Cpchofaft B, " WRe Hckiiah Bl A S hAGRRAN DS TV
conver s:nahles)ﬂaeﬁbmanmmqﬁ en di-t_f/}frﬂJdiﬂimoh myer ott A tertdil pogtibn by pilicel Whitkiion | ayer

t hr ough_t he ffusion of alum num [0003] Meanwhi l e, in the

manuf act ar oM u‘ftPIésTu SE¥-seni conduct ors, there has been proposed a nethod for

f or m ngBatkgednderifli f f usi on | ayer by applying a solution containing
phosphjtpﬁg such as phosphorus pentoxi de (P205) or ammoni um di hydr ogen
phosphaP8%4INl - 14H2PO4) as a

A related art fabrication process of a silicon photovoltaic cell is described
hereinbelow.

First, in order to realize high efficiency by promoting optical confinement effects, a
p-type silicon substrate having a textured structure formed on a light receiving side is
prepared, and subsequently subjected to a treatment at a temperature of 800 to 900°C for
several tens of minutes under a mixed gas atmosphere of phosphorus oxychloride (POCI;) as
a donor element-containing material, nitrogen and oxygen, thereby uniformly forming an
n-type diffusion layer, According to this method of the related art, since diffusion of
phosphorus is carried out using & mixed gas, the n-type diffusion layer is formed not only on
the surface, but also on the side face and the rear surface, For these reasons, there has been 2
need for a side etching process to remove the n-type diffusion layer on the side face. Further,
the n-type diffusion layer of the rear surface needs to be converted into a p+-type diffusion
layer, correspondingly an aluminum paste is assigned to the n-type diffusion layer of the rear
surface to achieve conversion of the n-type diffusion layer into the p'-type diffusion layer
through the diffusion of aluminum.

[0003]

Meanwhile, in the manufacturing field of semiconductors, there has been proposed a
method for forming an n-type diffusion layer by applying a solution containing phosphates
such as phosphorus pentoxide (P2Os) or ammonitm dihydrogen phosphate (NFLH,PO,) as a
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donor el enment-containing material (for exanple, see Japanese Patent
Application Laid-Qpen (JP-A) No. 2002-75894). Furthernore, a nethod is
known for forming a diffusion |ayer by applying, onto a silicone substrate,
a paste that becones a diffusion source and that contains phosphorus as a
donor elenment, and conducting thermal diffusion (for exanple, Japanese

Pat ent Nonor4EnBa6eintaikimgenaieral i(for sxmiple, seefdpatese PateobApplitation Leidedpmt or

s ar P RDNpr AR Rent, SRERAERE: ARARENS BRop Moot B S BREY gas.
di f f usi epplghg dbes pBiticots: @O aghstt et Bedtends ackffiadich fRede mdithaeentdiasi ng t he

formation of a diffusion layer, and an n-type. diffusion layer is also
formed PhesRROTSs 83a denes elemsah apdeondueting emmal diffusinn (frrsrample, Fpgnesed.

| DY £C1 OPHER 10, bnysHR). Oftdweleh AR sAiTFa fuliBe, sHle\EAbaBY cibiiEpd dRuBRbd ON] [ 0004]

As descri be ébqu, 'n a gas-phase reaction using p phorus oxychloride in
t he f or dlamepircataining nompemddiaponies dier agevtionser pasteysimilaily fatbeon | ayer is

f ormed I n ide that reduires t.he essent i n-t.ype diffusion
ayer - (ARyeRBich RS EbpriBiod GE 4 it e FAEKR Bt SRl of her
face ( nthesldeginde anegedrsuifacesheing theeformation dfen)iffodiosiager, b@lan ndypet her, even
in a method, invol i | yi ng a phosphor us-cont aj ni sol ution, or paste
foll ovveé‘? OPWFHEIE‘T% f%?xﬁgc%a n azg3 qthqrghan tg‘f" freade th%‘@%?asreslsapﬁaf%f ornmed on
por ti onmigMesiré Bf Melionpn to the front surface, simlarly to the gas-phase
reaction nmethod. Accordingly, in order to secure a p-n junction structure
as an elFepilpms tpbesfeiued by eimmﬁ@n]be etched, and a rear surface should be
subj ect gdok the conversion of the n-type diffusion layer into the p-type
di ffusion layer. Cenerally, the conversion of the n-type diffusion |ayer
into the p-typedarfbadsibone,liny @ns-plase cductoredsilyy plapphoyiingyycbloridadn thear
surface, a paste of alum.numwhich is an.elenent of . G o Xl Ll of the

e et Y R R i A e

whi ch asii@giatregoindsahd esdentitd BAyped i ENEIGh <yEtordifar® liphRfREOsSides fisppl i ed as a
di ffusion,s ugce has. a %rea%(\,ba?k in.that,it iis difficult to forma

di ffusi%ﬁfaﬁéy yt also op the Pk fage (noarlishit Fecriviieotide: Fras awdise) oF i%efRfown net hod,
a donor FghiRERL GONhAMBH R CRRPAHMInY aP8bih8RisiRnfidfifdSRuidh Sifask region
than just a region that requires the eSsential n-type diffusion |ayer.
[0005] followed phéheanalrditfusion apmelypediffusipadayes is Asesfobpehompertionnevendy of t he
above p i hi - )| . [ Ly 1 heet of the
pres entgcgaﬂ%/@@ iﬂggri@t)% S%‘?%ﬁ/éfj%lgﬁ EEE g&n%iéga% #g%e? %%Chf) gg%lﬂ#tg a?lxcg&tdg%lef %{‘ ffusion
| ayer, awlecth sesureapahuectoin stucmraas arelementpeside fake shombd bagtehedoandia ceart ai n

ti { , . Wt t the f ti f -t
ot uer Bfer gAY et oS B MRt 8p- HpRlmibF e kb
si | i condiffasibs layas. e GeaBehlly the batvemsich sfahe apal diffofio biyei M @B paypd ayer or an

ri++ layer .(referred to as a selective emtfer) on a_certain paqrtjon of an
n-type ?lﬁgf%'ﬁ“rﬂ vafiwpafymméhww &.iagpaplg ok R vdieh iiag

por ti orglétherit o ER&LY RITE of AeFolifRL bW, RIRSWEING Steiing. Y FRir@bihdis) %d\ﬁ?’er , _and
a nmethod for producing a photovoltaic cell. "(Means for Sol ving Probl ens]
[0006] TFeflod b wbick 2Beste qonis6nipedons el sisbed apposiherisys elieAgs oans.  <1>A
conposi §iffflod YBur i NraWballc bRG i EHSLRD FBNS aieh G HYLNH 23LORR

certain region, because in the known method, a donor element-¢containing compound

vaporizes fo diffuse in other region than just a region that requires the essential n-type

diffusion layer.

[0005]

Therefore, the present invention has been made in view of the above problems

exhibited by the background art, and it is an object of the present invention to provide a

composition for forming an n-type diffusion layer, which is capable of forming an n-type

diffusion layer on a certain portion of a substrate, without the formation of an unnecessary

n-type diffusion Jayer in a manufacturing process of a photovoltate cell using a silicon
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el enment - cont ai ni ng gl ass powder and a di spersion nedium <2>The conposition
for formng an n-type diffusion |ayer according to <I>, in which the donor
el enent is at | east one selected from phosphorous (P) or antinony (Sh).
<3>The conposition for form ng an n-type diffusion |ayer according to <1>
or <2>, in which the donor elenent-containing glass _powder contains at

| east osibs@gpAndditirrempres aerable eidomuing ri af layed erened fayenGdi206] toRBA5 or

Sh203, : 0 X ek ] al te . | 02, K20,
oz, LPB5 O gfRE o Gl R BEANE B B GG st Byt o
Mb03. <fordibdon arfatgh poionfof e shimtrrieng nethod-foy fremitigf dnustypa diffyston lagapsidi ng to
any one of <é> to <3>, further containing at |east one netal selected from
Ag, Si,?8gthogdor praduging g phateveligie ¢elinposition for forming an n-type

di ff usi PedndY&ISAMAREPRILIGNd]0 <4>, in which the netal is silver (Ag). [0007]
<6>A nmet hod for formng an n-type diffusion |ayer, including:

appl yi ni#206h a semi conductor substrate, the composition for formng an

notype di TTUSHOLLGY Shtel rimORE aBreSitd bl the Rilowiih&RIIUCt 1 NG @ thermal

diffusion tr
<1> A composition for forming an n-type diffusion layer, including a donor

element-containing glass powder and a dispersion medium.
<2>  The compoesition for forming an n-type diffusion layer according to <1>, in which the
donor element is at least one selected from phosphorous (P) or antimony (Sb).
<3>  The composition for forming an n-type diffusion layer according to <1> or <2>, in
which the donor element-containing glass powder contains at least one donor
element-containing material selected from P;03, P2Os or Sby0;, and at least one glass
component material selected from SiOz, K20, NaxO, Li;0, Ba0, 81O, Ca0, Mg0, BeO, ZnO,
PbO, CdO, V405, SnO, ZrO; or MoQs.
<4> The composition for forming an n-type diffusion layer according to any one of <1>
to <3>, further containing at least one metal selected from Ag, Si, Cu, Fe, Zn or Mn.
<5> The composition for forming an n-type diffasion layer according to <4>, in which the
metal is silver (Ag).
[0007]
<6> A method for forming an n-type diffusion layer, including:

applying, on a semiconductor substrate, the composition for forming an n-type
diffusion layer of any one of <1> to <5>; and

conducting a thermal diffusion treatment.
<7> A method for producing a photovoltaic cell, including:

applying, on a semiconductor substrate, the composition for forming an n-type
diffusion layer of any one of <1> to <5>;

subjecting the substrate to a thermal diffusion treatment to form an n-type diffusion
layer; and

forming an electrode on the n-type diffusion layer.
[Effects of Invention]
[0008]

The present invention enables the formation of an n-type diffusion layer on a certain

portion of a substrate, without the formation of an n-type diffusion layer on an unnecessary
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<7>A met hod for producing a photovoltaic cell, including: appl! yi ng,
on a sem conductor substrate, the conposition for formng an n-type

di ffusion | ayer of any one of <I> to <5>; subj ecting the substrate to
a thermal diffusion treatnent to forman n-type diffusion |ayer; and
formng an electrode on the n-type diffusion layer. [Effects of Invention]
[ 0008] region inthpampsrdaniitring proesss PHhnphsiatilair ceHasingranli¢asrsubstrats n-t ype

di f fusi rd.ai n rtion of a substrate, without the formation
e e D o -

of an nT¥type an unnecessary region in the manufacturing
process[0@h9p photovoltaic cell using a silicon substrate. [Brief

Descri ption t he Draw ngs 009 . I s a cr ectional view
concepti onal |4 G%IE SR FgsssFcl ‘H:hﬁ cﬁm’é’“ﬁﬁ}ﬁ%%%?“?ﬁ@%ﬁeg@@ of a

phot Ov%hﬁihfﬁctﬁﬁﬁ% ﬂo&s%@?a@ﬁ&%%imé EER thOresentinPenttdh, | S @ pl ane view of a
photovoltaic celT  as seen fromthe front surface. FIG 2B is a partially

enl arged per sifée 2Aviea plaagyvistv ¢fj aphopayoltgie sell pp erenffenm Serfrapit serfacgt t he
I nventi on] FIG. 2B is a partially enlarged perspective view of FIG, 2A.

[Best Mode for Carrying Out the Invention]

[0010]

First, a composition for forming an n-type diffusion layer in accordance with the
present invention will be described, and then a method for forming an n-type diffusion layer
and a method for producing a photovoltaic cell, using the compesition for forming an n-type
diffusion layer, will be deseribed.

In the present specification, the term “process™ denotes not only independent
processes but also processes that cannot be clearly distinguished from other processes as

long as a purpose is accomplished by the process.

In the present specification, “to” denotes a range including each of the minimum
value and the maximum value of the values described before and after the reference,
[0011]

The composition for forming an n-type diffusion layer in accordance with the present
invention contains at least a donor element-containing glass powder (hereinafter, often
referred to simply as “glass powder”) and a dispersion medium, and may further contain other
additives as necessary, taking into consideration coatability or the like,

As used herein, the term “composition for forming an n-type diffusion layer” refers
to a material which contains a donor element-containing glass powder and is capable of
forming an n-type diffusion layer through thermal diffusion of the donor element after
application of the material to a silicon substrate, The use of the composition including the
donor element in a glass powder for forming an n-type diffusion layer ensures that an n-type
diffusion layer is formed in a desired portion, and an unnecessary n-type diffusion layer is not
formed on a rear surface or side face.

[0012]

Accordingly, when the composition for forming an n-type diffusion layer according

to the present invention is applied, a side etching process essential in the conventionally

widely used gas-phase reaction method becomes unnecessary; consequently the process is
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[0010] First, a conposition for form ng an n-type diffusion |layer in
accordance with the present invention will be described, and then a nethod
for formng an n-type diffusion |ayer and a nmethod for producing a
photovoltaic cell, using the conposition for formng an n-type diffusion
Iayer descr | bed. In the present specification, the term

proces ?mpéfé‘ﬁ‘gt el Eﬁléttwanql ProcsdpresoaNFiing ap afxpeditsion Jayentosmst ea degeathat
cannot ce po S e
R e S i S b e e R S
denot esffmmlwfgg -an-: Idlfﬂaswg lases lon dlfe nebn@um‘am mdﬂw abustitmntimatedalyshaprand vaI ue

of the and ter ef eren The
conposi tjlﬁ%% ?Sor Sg" eﬁécﬁxroﬁy B@”ﬁ’ ; t% Bret ﬂf?cl?é%%g%ﬂgé’gu\ﬂ% h the
pr esent nieﬂmemtcbmxmmmmﬁlsaindlsb@:&k mawmeﬂm eilﬂmagﬁ denis ﬁimbm@sodﬂﬁhﬁs powder
(herei nlafter often referred t i nply ag, " owder") and a dltﬁper si on

medi um DeRkAHEs b QFPRERRCE ssrmal S g aa@%cml Sakstrals dﬁéé%@gamykn% % into
cons | defeaf hifhce 9@&@&1@' ik ppRssdd? %oﬁéeg ntly warpag%%f ‘tlﬁes‘ilh&%rs%bihaté figisher m

"conposition for formng an n-t iffilsion layer”™ refers to a materi al
whi ch cowpeisses a donor el enent - contai ning gl ass powder and is capabl e of
form ngofé :Q type diffusion |ayer through thermal diffusion of the donor
el enent afli5 r application of the material to a silicon substrate. The use
of the conposhrihen ai gk pdivder donmimkdrin rﬂwedompminoh owfoghmgsnmetwe diffusion

form ng,_an .n-t dlff on | ayer ensures .t an n edlff 5|onlayer i's
f or med TRek et SO Rres SvaRtohis ated By ot b SR Gring bl e s
not f or Bpet r an h-oade cﬁfﬂzix&@ﬁy&r a@awteﬁo%n{r@%ﬁ:h gas-phaseA64edbs h{wion,orwhen
the conposition for faornin -type di ffusj on | ayer according to the

pr esent & FRYERONghmethod o pp ulng& Pévpa&a@c%qma@ns seluEaR oprastaflsuiormsa glass
convent j,00aley ah- el 886 B3, &litfﬁag ‘%ﬁégi g&;{é}%&aqg reagecessary;
consequentl the process Is Ion, a process ftor
convert mﬁgﬁ@m can by p@nweﬂfbomt@ms, aymiarlbfdp rﬂmjccmmentmalr wethod.ur Aecwedinglyo a

p+-type f i becones r For I thod of
form ng‘*‘%hd‘f’ﬁ‘% §&P%‘i%¥f“ﬂ%‘\ ec?révegﬁ axmt%hﬁio%r‘ élgrc %lggé?ué‘rfag@ﬁ con 9t uent
mat er i adhffusbabagremmchctdmdmkd&a&ﬂl thfe peeseptdnveatiioh aeseraeensd nosheesngy parodlucts mted,
and the@é{a gﬁ-&‘ﬁ %anj i cabl e produci ng nmet hods, constituent materials and
shapes 7% i HYeHEL §¥Stf8t ai s will be described hereinafter, the
occurremoespf internal stress in a silicon substrate due to the thickness
of the rear surface el ectrode is suppressed; consequently warpage of the
silicon substiusther sincap denen sogmesgedn thegrlasgpowder is hmqlhf H‘é?ﬁlllédgr’%s powder

cont ai nggirg %lﬁm}% QERAFHd Jh@iﬂsﬁ)ﬂ'iayfepfsqﬂré\gzn?é& fftch ¥RE b@fngfmeafbrﬂ Y lar | N

accordance wth the present Inventio d by neans of sintering to

f or m a YrAssol Bgeiacoatherthanon ;lmefrtmtfstﬂnf@e@&pﬂeal}aerto the@sesration of whatilent i onal
gas- ph:%‘e’ Jeaction method or a conventional nethod of applying a

phosph 8- ¢ont ai ni ng solution or paste also forns a glass |ayer over an
n-type dif f udi Brashmyeelrthatathel réaber fof drieisttha the dasr kayipondnocormbineswithan pr esent
inventiqgn can be renoved by, etching, simjJarly to th onventi onal met hod.
ACcor i TS 108 G OO FE A A e LS P AT IS 2L MR B O

CONMPOSi dorHdnk@is h@dy vidataizel- t ype diffusion layer in accordance with the

present invention generates no unnecessary products and no further
addi ti of985]pr ocesses.

As described above, since the composition for forming an n-type diffusion layer in

accordance with the present invention can form an n-type diffusion layer in 2 desired portion
at a desired concentration, it is possible to form a selective region with a high n-type dopant
concentration. Meanwhile, it 1s difficult to form a selective region having a high n-type
dopant concentration by a conventional method such as a method using a gas-phase reaction
or a method using a solution containing phosphates.

[0016]

The donor element-containing glass powder in accordance with the present invention
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[ 0014] Further, since a donor conponent in the glass powder is hardly
vol atilized even during sintering, an n-type diffusion layer is prevented
fromal so being forned on the rear surface or side face, rather than on the
front surface alone due to the generation of volatile gases. It is
assuned that the reason for this is that the donor conponent conbines wth
an el eneill be deserilggdds snopodeteri., or is absorbed into the glass, as a result of

whi ch the donpr. c onent is hardly. volagtilized. (001 ‘v descri bed
Above, o1 nce T BREHE e tn B iekthE i S e I s dn el
accor dafee@ing dnh-fype difie e thydr by 6ping thedédt cnal siticon sabétyape didthedomir | ayer in
a desired portion at a desi{ﬁ% conce _tréﬁi on, it is Eossi ble.to forma

sel ect i SlempRigFlements PhOpPW YN oh thepceiodisiaile cabbrosiity abramplenplihodens, it is
diffic : Iﬂﬁ,tr j VhNG: ' p
concentL%H::aI%IiEl‘glrlllfl ééﬁd@alﬁgpgﬁk ent?dcéﬁ’aslv l?ﬁ%{l}a’s%c xﬁ%ﬁg%%%%&g??ggqgkga%? phase
react i ofiewpoint cvéafe@d cosyemignge obvigrification onthailivie Ry opi isppnefexsdle. [ 0016] The
donor Ogm\r}\:-cont ai ni ng gl ass powder in accordance with the present

i nventi'on i1l be described in nore detail. As used herein, the
term "donor dixampids oftief dumdr tlemant-einediming matdrizh whichda psddl for mfrodwing thg an

Gonor © AeEE HE BRI BG dor SRR G % SPP e R PO B Safied.
Exanpl eﬁifgf,, sh A sHONOTAQLRANBAY sellddfddusiin B,OR POS LAY w@% is ppBret-dN hdwany) , Bi

(bismuth) and As (arsenic). Fromthe viewpolnt of safety, convenience of
vitrifil®81%lon or the like, P or Sb is preferable. [0017] Exanpl es of
the donor el enpiks ][EFE&&H I,GR: e S € ' | t he
donor el enent |ntg%ﬁ%h%eéhf(§%%?ne engh%ﬂg#%%;gag#’n%k%ﬁgagéﬁ%%\?g%?’%lﬁ%igfcgge P203,
P205, ShedqlityRir 28likearfdhed\glag&3owaAter baslst capirellsdbe edjedingrtbnedaften2is, and
Sb203 i er.at ure,

sof t eni ii 68%%{&%%{1 g‘#@g’g %ﬁar%{%g%@gﬁr lffsjf'cml{lfg‘?r‘ﬁé%s‘%:g’let@%F g%rlpig‘!?l? t%’%?’ﬂaé i ke of
the gl asentipaedibelogan be controll ed by adjusting the conponent ratio, if
necessary P Lher, Lie uass pouer Pl SLARL G GORB! R0 I s

Ca0, Mg0, BeO, ZnO, PbO, CdO, V20s, Sn0, Zr0;, W03, Mo03, MnO, La;03, Nb,Os,

Taz0s, Y205, TiO;, ZrOs, GeOs, TeOs, and LinQs. At least one selected from Si102, K20,

Nap0, Li;0, BaO, 8t0, Ca0, MgQ, BeQ, ZnO, PbO, CdO, V205, Sn0, ZrO,, and MoO; is

preferably used. At least one selected from S10;, K;0, NaxO, Li;0, BaO, SrO, Ca0, MgO,

BeO, Zn0, PbQ, CdO, V1,05, Sn0, Zr0O;, and MoQ; is more preferably used.

[0019]

Specific examples of the donor element-containing glass powder include materials
including both the donor element-containing material and the glass component material, for
example, P05 based glass which includes P2Os as the donor element such as P,05-510; (the
donor element-containing material and the glass component matertal are listed in this order,
and are listed in the same order below)-based glass, P;05-K;Q-based glass, P20s-NazO-based
glass, P05-Li;0-based glass, P;0s-BaQ-based glass, P20s-SrO-based glass, P205-CaO-based
glass, P,0:-MgO-based glass, P2Os-BeO-based glass, P20s-Zn0-based glass,
P705-CdO-based glass, P,0s-PbO-based glass, P20s-V20s-based glass, P»0s-Sn0O-based glass,
P205-GeOy-based glass, and P20s-TeO>-based glass; ShyO; based glass in which P2Osis
replaced by ShaOs as a donor element in the P,Qs based glass.

The donor element-containing glass powder may include two or more donor
element-containing materials such as PoO5-Sby03, P2Os-As205 or the like,

Although composite glass containing two components was illustrated in the above,
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Exanpl es of the glass conponent material include Si02, K20, Na20, Li 20,
BaO Sr0, CaO MO BeO, zZnO Pb0, CdO V205, SnO Zr02, W3, MO03, MOQ,
La203, Nb205, Ta205, Y203, h02, Zr02, Ge02, Te02, and Lu203. At |east one
selected from Si 02, K20, Na20, LiZ20, BaO, Sr0, CaO MO, Be0O, ZnO PbO,
CdO, V205, SnO Zr02, and Mb03 is preferably used. At |east one sel ected
from Si@xpokiz@gladia@taiting tireeBa@rorScomp@ets, Mypd as BeOs-SiwY.Wu, CdO, V205,

SnO, Zr referably used. [0019] Speci fic
exanpl elgz a@%@@«:ﬂ’&? alégg %)Sbj%nt ai ning gl ass powder include nmaterials

i ncl udippgzdjot h the donor el enent-containing material and the gl ass
conponent material, for exarrpl e, P205 based tg{gass whi ¢h i ncl ud?s P205 as
the donor el Srsrenisuicef thaelpsspompopent maiwrial inde slase pewderdopeBrahlig materi al

and th @g@ %g%t I rfel i sted
in the(nﬁ or&o bel &?%@%ﬁ%‘?lg@%eDllaﬁ%dtKg%B%gggdﬂglgﬁeg E%B)%(I)Igf Na20 based

gl ass, mmalng@pmaseud gheaisal depilitRa 0Gisnesally, HleawntenPolibe glags based gl ass,

200 ARG 9Bt s BERBe RN 1808 o BL B R R o
P205- anbﬁ%dygim& 90%89&:a§310 based gl ass, P205-6e02-based gl ass, and

P205- Tiﬁé?-ﬁased gl ass; S1203 based glass in V\/ni ch P205 is replaced by Sb203
as ad el enent in the P205 based gl ass. The donor

el ement - cont gjpakifigalg), ?&%x&apﬁeglai@aéntaﬂﬁh%%e&s&«@n@ﬁew@éﬁr&ﬁIsemz, K,0,
el enent - cont ai ni ng material s such as P20 203, P205- As203 of the i ke,

Al t hougfzBoFz6% Be®, SIAdEQ deQi BrPrainOhd b F96h EnPs Zrmsarid Mo e theedlassn t he

L e i o R S i

cont entnobfendine 3 mssidcompemtredtedrwith hyddofluari¢ ied.ghasforptmeteglasses pref er abI y

R e e e R e

Ge ner aldlass cbiiipoﬁdhlﬂ hﬁtﬂnaptfmt é}@n@@ﬁog-wpgbmﬂ plEsd)etheabnicst gfr®giabl y from

.1% Db mass rmre r ef er abl fr m 0, 5% by nas o 90%
by msﬁm%%m%m Wby {01 50P% g.*( m@R%\PFﬁ %abbg ‘%ﬁﬂ%ﬁﬁ% | east
one Sell:%‘:ﬁx@ﬁg frélﬁ'ﬁlesh% olP 08 10Na3 akie%ﬂ: t@ﬁ%rat%ﬁ@or £adfenMyQoid?e0, ZnO PbO,

CdO,  Sn Zr02 and V\Das t he gl ass conponent naterial is preferable, froma
Vi ewpm[ﬁéﬂ]hat a reaction product with silicon does not remaine as a

resi due when f s are
preferable. %\%%qzﬁﬂa%t %Wtﬁ%gla%}%ﬁ&&é eﬁrggfatbggr?ﬁ g?%ﬁ% L‘QF g%lgiogoé er
cont ai MHPOVRAD2nd mete Gledérshlg FHRAOBEITC tHBOETC, dord fiRIvi@MFITH didl[ﬁ&@\ﬂty\éﬂﬂﬁagbas ed
gl ass),_ the_ content of V205 is pref erably from 1% by mass to 50% by nass,

and nortee diflsiopdrsptment. swd JuPPYErass to 40% by mass, from the vi ewpoi nt of
| ower i r[gozzp,]nel ting tenperature or a softening point. [0022]

The shape of the glass powder includes a substantially spherical shape, a flat shape, 2
black shape, a plate shape, a scale-like shape, and the like, From the viewpoint of the
coating property and uniform dispersion property upon forming a composition for forming an
n-type diffusion layer, it is preferably a spherical shape, a flat shape, or & plate shape. The
particle diameter of the glass powder is preferably 100 pm or less. 'When a glass powder
having a particle diameter of 100 um or less is used, a smooth coated film can be easily
obtained. Further, the particle diameter of the glass powder is more preferably 50 pm or less.
The lower limit of the particle diameter is not particularly limited, and preferably 0.01 wmn or
more.

The particle diameter of the glass powder means the average particle diameter, and
may be measured by laser diffraction particle size analyzer.

[0024}

The donor element-containing glass powder is prepared according to the following
7



The softening point of the glass powder is preferably in the range of from
200C to 1000C, and nore preferably from 300C to 900C, fromthe vi ewpoi nt of
diffusivity during the diffusion treatnent, and dripping. (0023] The
shape of the gl ass powder includes a substantially spherical shape, a flat
shape, a bl ock shape, a plate shape, a scale-like shape, and the |ike. From
t he vi eff¥6FHES-0f the coating property and uniform di spersion property upon

formng a co i {',,qﬁlff i E@ga&% L Us] or 1ty
preferably ani?p ’elJ;al ca tg%%%g‘g{ a F%Pn % ogélgae’g%tacl&g#ag{i%é g%ge%gl_ é'nflhdééﬁlél?s[ icle
di armet etomporchematensls anoovaiighed iasd plasédemaddiycikB0 Gramples ebthe mabheial Hrghass

powder havi artl.cle dianmeter .of 100. gmor .less is used, a oth
oat ed PaHHaRBEb kiR, i g o ntindh efkyind s e tioaneBER RS ¢ he
gl ass psppieriately s8lE@ePaRIG 1B lcynA&ergivrthe hidkng téthgeﬁw@hnh&s?h&mpf the
particle dianmeter is not particularly limted, and preferably 0 01 pm or
more. reachvityrwigh mslted mpterigls.andihe lilg: t he gl ass powder nmeans the average
particle di anRLE! the BRFMIRYaREIEATY ' ' icle size
anal yzer. [0_0_24]_’ Tﬁe donor agl errenﬁaégﬁtt%ﬁ%rﬁ%%ﬁog}ggg%%e@%eg@%%separ ed
accor di ¢fgnpositiondn fo kleoiic figm3ce, theoebygueeuring a liquid. Fidtdhis timmystireibgis al s, for
exanpl e . el t.s cont.ainin terial and the glass conponent
mat er i a?r,ef‘eg%y\g%’?lgeﬁgﬁ&ﬁ%% a %glbf%orlgesﬁ’&qgﬁ’lmé’.s‘ Exanpl es of the materi al
for the cruciSibeequentlyde: ¢btaitédlignid (¥ Alowadm fIB@nWRircofiiadlibbRatedh d8ihHOA,

uartz and carbon,.,whi ch are .appropriately selected taking into
2onsi deﬁ”&f‘tﬁfﬁmf & e 1q FeRyt %Wﬁﬁ?&gé’ﬁﬂéﬂlﬁépher e, reacti 8i ty with nelted
material s, armndietel gis is pulverized@td a phii@er aVFh%ﬁﬁ/@i‘ifdtﬁm%ﬁﬁbQ@ﬁﬁ@@?ﬁto a

tenperature corresponding to the glasS _conposition in an electric furnace,
t her ebybYpisiiia kugyvsmethgd Seph asmsingiagetmith beast il onhgllinillpr ef er abl y appl i ed
such t hapaéthe |iquid becomes honobgenous. Subsequent |y, the obtained
liquidis allowed to flow on a zirconia substrate, a carbon substrate or
the |ike to rldsigbontennofithe dérfor ehtrienhcaftaining glasgpowder in the composition for

forming an n-type diffusion layer is determined taking into consideration coatability,

diffusivity of donor elements, and the like. Generally, the content of the glass powder in the
composition for forming an n-type diffusion layer is preferably from 0.1% by mass to 95% by
mass, more preferably from 1% by mass to 90% by mass, still more preferably from 1.5% by

mass to 85% by mass, and furthermore preferably from 2% by mass to 80% by mass.

[0026]

Hereinafter, a dispersion medium will be described.

The dispersion medium is a medium which disperses the glass powder in the
composition. Specifically, a binder, a solvent or the like is employed as the dispersion
medium.

[0027]

For example, the binder may be appropriately selected from a polyvinyl alcohol,
polyacrylamides, polyvinyl amides, polyvinyl pyrrolidone, polyethylene oxides, polysulfonic
acids, acrylamide alkyl sulfonic acids, cellulose ethers, cellulose derivatives,
carboxymethylcellulose, hydroxyethyleellulose, ethylcellulose, gelatin, starch and starch
derivatives, sedium alginates, xanthane, guar and guar derivatives, scleroghucan and
scleroglucan derivatives, tragacanth and tragacanth derivatives, dextrin and dextrin
derivatives, (meth)acrylic acid resins, (meth)acrylic acid ester resins (for example, alkyl
(meth)acrylate resins, dimethlaminoethyl (meth)acrylate resins, or the like), butadiene resins,

styrene resins, and copolymers thereof, siloxane resins, and the like. These compounds may

8



Finally, the glass is pulverized into a powder. The pulverization can be
carried out by using a known nethod such as using a jet mll, bead mll or
ball mll. [0025] The content of the donor el enent-containing glass
powder in the conposition for formng an n-type diffusion layer is

determ ned taking into consideration coatability, diffusivity of donor

el enment s usad thdividodliylos in Cermbiahtion ofttive o omretbiercof. t he gl ass powder in the
conposis[tobgﬁ for formng an n-type diffusion layer is preferably fromO0. 1%
by mas 95% by mass, nore preferably from 1% by nmass to 90% by nass,

still nore prlexfe@icﬂbduya:fw@gntbfﬁ%ﬂ@meﬂmmpm“eﬁl%lwnﬁﬁaand fleferbisher nor e
preferably from 2% by ss,to 80% by, mass. [0026] Hereinafter,, a dispersion
medi um ARPFAPTisteladists ng into °°“51dﬂﬁ%t‘°&|t§?)é‘?5§'ﬁéﬁ‘sﬁ%%ﬁy Pt ‘res‘:"&’H?é’é‘PHm whi ch

di sper s[ggzg he gl ass powder in the conposition. Specifically, a binder, a
sol vent™ or the like is enployed as the dispersion medium [0027] For
exanpl e, t he Hxiamgtes Olﬁﬁy: splveatipeloge ketowd splwaissueleas doctome ametbylpthivhisetonal cohol |

pol yacr [ agne, pol yethyl ene
oxi des rX‘{:oto ysgf@g%?é% gc‘?%{fkylal%ng%m]%%né nﬁ%y]s’g'l%flé’m Eo fcids, cellul ose
et hers metbjrll-mda-bﬁ@'ﬂ&&fnleymteﬂhyBﬁ-,pe@t@Hdawny,rméﬂiyll-m-hb}k}dlk@&&, diethylketone,

el | ul pse, | cel | ul elatin .starch and starch

hyd
dor i %tyqe Eylﬁgtea?,&hfﬂ&r@tﬂg%’t RS, s o BE%"&&&Y"IQHB‘”@H% ca@w%eq%s
scl er oghisARy AN xafdR! PAlieRARHoRd YkdiiBietohb, i §éatcﬁedaﬁdagacant h

derivatives, dextrin and dextrin derivatives, hyacrylic acid resins,
(et h) atewglrérptacfane d:tlmisdnremtesmqhsas(dﬁmhyleﬁnmphahy!adﬂw lethenendthdar-ploaykethasi ns,

ot yr endireraEy et EoubR TG, BRbYRER R i Goree) piote iy d g ke
These c@apae olrﬁiinetlbﬁ ethzf, d:tli)‘llﬁie\@lﬁﬂéﬁﬁieﬂly@éﬂlbﬂ e&yﬁﬂﬂ%lﬁ@l digPpRpyt Wo or
nore thereof. [00 ecul a bi nder 1s not

parti cther hyleng &IE‘EPl diutyl §%F=@F‘§hﬂ%¢%1&% ldBBEf'th&lt"élFG}/s Chéﬁhkﬁ@{l%alﬁ‘alkl ng into
consi d Qﬁﬁﬂ)}ﬂ%&tx‘ ktﬁetﬂﬁ%hé El?cM'rﬁ&Rﬁ' o1 Sfhel, RS 1RATROA I ARkt Ql%gln-propyl

Exanpl es of the sol vent include ket'one golvents Such as ‘ace

me': Ey: estliep.) diethplnne glyeolipethyl-memopy-bRivl eher, dwﬁtyrhqnetglml érmrp;dpk'bctbm

me

ot ny 1 SReRea 0 OB o ik, SRS Y AT SRR R PEBLY AL ORE:
trimet igj{jruobdmm& ,eﬂrey,cthethﬂmmglgeol dmthjrlmﬂmn,ttaathykne phttheiigl ahvedrepne,

2, 4- di I t | act | | act

ci her - SORDERPS SRS T Rr OB HEES SIS SRy -y e Py lﬁcep?BSyl
et her, glijcol SRt BRYMb-nSHaReY emé@teha&mre@é glﬁr@dl dnﬂeﬂh yéméretc&a&mﬁa@é %1

di oxane, di nethyl djoxane, ethylene gﬁ%col di met et her, et hy éne gl ycol

di ot hyl kXl iter e g er ghienl restoyl B tormethy e Elyoo] ety
mono-n-butyl ether, diethylene glycol di-n-butyl ether, tetracthylene glycol methyl

mono-n-hexyl ether, tetraethylene glycol di-n-butyl ether, propylene glycol dimethy! ether,
propylene glycol diethyl ether, propylene glycol di-n-propy! ether, propylene glycol dibutyl
ether, dipropylene glycol dimethyl ether, dipropylene glycol diethyl ether, dipropylene glycol
methyl ethyl ether, dipropylene glycol methy! mono-n-butyl ether, dipropylene glycol
di-n-propyl ether, dipropylene glycol di-n-butyl ether, dipropylene glycol methyl
mono-n-hexy! ether, tripropylene glycol dimethyl ether, tripropylene glycol diethyl ether,
tripropylene glycol methyl ethy] ether, tripropylene glycol methyl mono-n-butyl ether,
tripropylene glycol di-n~butyl ether, tripropylene glycol methyl mono-n-hexyl ether,
tetrapropylene glycol dimethyl ether, tetrapropylene glycol diethyl ether, tetradipropylene
glycol methyl ethyl ether, tetrapropylene glycol methyl mono-n-butyl ether, dipropylene
glycol di-n-butyl ether, tetrapropylene glycol methyl meno-n-hexyl ether, and tetrapropylene
glycol di-n-butyl ether; ester solvents such as methyl acetate, ethyl acetate, n-propyl acetate,

i~propyl acetate, n-butyl acetate, i-butyl acetate, sec-butyl acetate, n-pentyl acetate, sec-pentyl
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ether, ethylene glycol dibutyl ether, diethylene glycol dinethyl ether,

di et hyl ene gl ycol diethyl ether, diethylene glycol nethyl ethyl ether,

di et hyl ene gl ycol nethyl nono-n-propyl ether, diethylene glycol nethyl
nono- n-butyl ether, diethylene glycol di-n-propyl ether, diethylene glycol
di -n-butyl ether, diethylene glycol nethyl nono-n-hexyl ether, Methylene
gl ycol edetate, Fyneiboiehulyl eethiy] metbylgeptyd hcetatet Zwtlhyldmn}elra,cethm Bethyhbexgl ycol

ol yool Sl ok Sy NG e TR RO TR ener

tetraet t},}dlcﬂi&&ylgicymm n@hyma&dwé xﬁéthﬂraceﬁoedamteﬁw @i&o@ht}ﬂtﬁpﬁmﬂhﬁnmgﬂycei her,
tetradi et hyl e Qlcol é et h et her Let r aet h | ene 38}? ycol rret hyl
mono- n- BARGRCEYHher hﬂi}F sieng e cemepaciy EAtisd acsiobfe dicth W1 ene

gl ycol ﬂi@h@-yllb ﬂ]&? a&%ﬁé’ |d11§'r5ﬁﬁ&ne él?&dl%ﬂ%ﬁ‘le ?Lﬁ/é'c@tah@ 'd11:l?olﬁ}l@ﬂél glgdoer.,

propyl ene gl I met h , propyl ene glycol diet propyl ene
gl ycol mpncppt%ﬁ@gy:r a@m@rglngl é@gﬁt@tnm geotrighichlacptate ety progiqeatspy-betyd

O Ypol BB L EhSfonitlont AR Bley S by PLle SHORTH 101! R8RS 9! ¥ o

met hyl I"en col nong-n-
di pr opwh-(bnm t;alc;aceo bndjnﬂnwpranta;d eﬂ:hhmetat@lsqovehwduemes glhyléﬁé gl#bolrm&thybdtheﬁt her,

| net,h hex. | " di rnet hyl
ct her R EPaB e BT Shr o, o il BRI FetitiBny | ot hyl
et her, étﬁyl@ﬂi y&areﬁlygl:mapécem mehaymcglyrbnbﬂfeﬁiyl @dnaedcetaw Hmméﬂeegwcogl ycol

di - n- but rop | ene ycol met hyl nono- n- hex et her,

t et rapr%séxhe@m agqteﬁe ethylm gﬂypcﬂm—h@wl eth@tﬂﬁ@tﬂteo@vypﬁlﬁ@e 9@ldnethy1@tﬂwy| et her,
tetradi ag&@iybfd};ﬁm% ﬂwer 9&%% (ﬁ%}g\ﬁéne gogéoi pmgggydl&% e@iigycol methyl

mono- n- but yT prop ene tetrapropyl ene
gl ycol mylen%hoolnnttb)dydtheetabﬂatp mdd:hprepylam glpgdleﬂlyl gihgradetats; aprotiot yI

t h t t
oot at O EBRs KA & RHEM R, Tk BFEHBlEne, 3Pt Ret e NS
acet at q;yrmhnﬁmhy,lN-autyﬂ gireolidimsnepNrickyl ﬁyrrolﬂﬁﬁh&%cyaomympmwlﬂdncﬁC etate,

2 (2, oo Fodiamne A tmectoh Keesritn et ivae S ARG Mo SROLB Y B25 oty

cycl ohexivh aosRERARS], cthaI n-ﬁﬁ@:h@&lei- ﬂasgaﬂml n-BBHQ2LBEAAA, scBlbiHnoREBLRARGET at e,
di et hyl ene gI col nnnonettéﬂpether acetate, diethylene gl'ycol nonoet hyl

et her ~ dtBYHERS, ltﬂeé'fﬂﬁﬂ rieetBylhatanolgserientan ok ipensaioby3-metoay dutagelpr opy| ene
gl ycol JTRRQRBL FM etﬁ,hg@rﬁa&@ese@h i, BLARYIbRIS 194exq1[%gttaﬁan ﬁ]c{a}eh et her

acetate, glycd | acet ate, roet oxi tri‘g yco ace pr opi onat e,
n- but y|2-ptgmlﬂip>m@l @ewctamgu ﬂ-pomﬁlahnholen-déczelohwcwmxdﬂcméqoh;bil -tnmbﬂw;donpb(al at e,

net hyl t 8 -t | actate, ,and | act ate; ether
acet gt eﬁ%glﬁgtgg 'tse(aéuc l%lgc%)?’h 'hﬁ%tggﬁcéLaolF&P?é’t%@le‘fﬁé% 5%{3’1 onate, ethylene
gl ycol methylbycﬂbﬂzmancﬁ[ tnsmzplrm:ftﬂwl eﬂwémrg@cgl,mz;browltchy blyebhep-asatsd e,

oo by by B e gl Bproppent ShEn Fiakatn dyea B fPBRUELE S80S - but v

et her IrdnofhaROIVRAR sELY £:0h cﬁtnlil@ﬁ 123£4E, 3he; 1rfar%7§«wlsm 1&1&00'
et hyl g%ﬁ%? acet ate, propyl ene 6F?kﬁ¥&c 3’Tether ac%t proﬁg ene
eet

gl ycol ststense Maonaalana @heramﬂvcrﬂq@m wemynstbﬁh etharhgiethyiane glysekt at e:

t
N et hy e ] B QO Bl BT RS O e bR bR b R e
N- hexy |CﬂFD%IYrfnglwdmlnwtreg:ﬂlﬂenwg]bfwemymo-WBM iethieny @r@yid}iel‘glyﬁoﬂmtohyincﬂ-gt etheri de,

ot nan G OBy R Y STt o O kot o Bl Sthethd fdropiais” °°
sec- butgyel mohoﬂasmgmher &q%@tsalﬂ@ﬂlts shc}ﬁ%'&@él@ineng -k RbL, afiedene

sec-pentanol, t- entanol , 3- met hoxy butanol, " n- hexano 2- nethylpentanol
sec- heﬂHﬁ&Clm@ﬂe impheng: dipettenasecpinenst Srhenenteminenoblcarvanetdeiminsaadol |

d l. d
AR s N
phenol coﬁ&;[ﬂaﬂhﬂmﬁﬂﬂi or Mviehhdreofc| Fhaxnanoviewbsinzot thakeehglprogiffane gl ycol ,

1, 2-propyl ene glycol, 1,3-butylene glycol, diethylene glycol, dipropylene
gl ycol SomppuieR kidomips an n-tuprdifiision diypr alfesuysiyate|o-tegpinens, digthilenter

sol ven et her,
ethy|eE%“§F§@3€%ﬁﬁ%ﬂ§% eny?kﬂgﬁ%?QE%ﬁgkﬁﬁFenémg%&coﬁgggbq%%&%xﬂﬁ ?%gr,

di et hyleerepigingt of disthyteat islcobtbas-n-itdteiyr énaogprefetablono- n- but yl et her,

di et hyl ene gl ycol nono-n-hexyl ether, ﬁthoxy triglycol, tetraethylene

gl ycol nono-n-butyl ether, propylene b ycol nononet hyl ether, dipropyl ene
gl ycol nonomnethyl ether, dlpropylene gl ycol nonoet hyl ether, and
tripropylene glycol monomethyl ether; terpene solvents such as a-

terpi nene, a- terpinenol, nyrcene, allo-ocinene, |inonene, dipentene, a-



[ 0034] In FIG 1(1), an alkaline solution is assigned to silicon
substrate which is a p-type sem conductor substrate 10, thereby renoving

t he danaged | ayer, and a textured structure is obtained by etching.
Specifically, the danaged | ayer of the silicon surface, which is caused
when being sliced froman ingot, is renoved by using 20% by mass of caustic
soda. THE0]a textured structure is forned by etching with a mxture of 1%

by mass of c tic,soda.a 10% b i SO cahol |nthe

drawi ng. the ?Weé‘g Eﬂ?@@?fﬁs nnidgﬂ g“ﬁ)c ﬁ%‘qg‘ﬁtﬁ%‘mﬁt‘% 9 achi eves
hi gh ef Biffisiohdayet by detighnidedaading mes taamidefation bexbbiligthngd doted dbheerdatibhe

light-r C%I ving side (front surface) to pronote optical confinenent

ef fect si® b035] In FIG 1(2), the conposition for formng an n-type
di ff I R duct
i ffusion ayﬁﬁrﬁle? tﬁ@éﬂm it f6r fohAM ci};agg{%ﬁf@ mtnh%,é | w%ﬁ{’an gﬂstﬁ&“ uct or

substrate 10 ace servin nt-re g Si t her eby
form nga@hi“lwst yEEaIdplf:zﬁ q‘étlhe nthengdsiitives nlurdy m@aﬁs odiich ara rdadile reattive with thee

pr esent fa&v ? there is nolimt to the application nethod, for
exanple pr|n ing method, a spinning nethod, brush application, a spray
net hod, a docTlercobipeizionddforhning af altype didfusion M@chtpphad ok pdhicomivaRe or
thellke can beged. g anmount of coatin II{‘the co 03|t|onfor

f or mi ngSubRtHe A Beatiteptad phkhigh Jamparaturggp & ?}'gf‘%‘? fipnday i s in
the ranggicafgldst %%Qn&ﬂnﬂfh@@uﬁ&c%@%éhﬁﬁ&rdt@ UBi B8 is %n@&@dﬁ:g in
preferabl% romO g/n2 to 10 ¢ % Fur t her e end%ng on the
conposi & W@fﬂSﬁM@OﬂBﬁm@ldﬂhﬂhnﬁEbeﬁ mﬂh@ ramoNe depradiagionithe b’mﬂ phgless. a
dryi ng t laze

composi T AERASeielby UL kol uaPhe WIE GO FEEZh P BB I cilbb By 11
this cas:m,ovedhaﬁdrayldngashmgcamm thert, &ttieaat dnmrmbnaﬂtﬁfomag, BOCuj Fe, Eﬁ(hﬁd for 1

i nut o< Rt ARty Siedr 743} Ofh 1ot £orEhgL Yo s BT R bns ar o

dependesid Anistskifl nge2k peuférablgnpasi tion of the conposition for form ng an
n-type %%SI on layer, the present invention is not particularly limted
to the stated conditions. [0037] When using the producing

met hod of t herHr@arRt of Y Biatl %reﬁrd%'[ﬁébﬁéﬂ}&télfE&Q&e@ﬁe@n@iﬁgt&‘ﬁﬁe g};&f usi on

| ayer (high-density electric field éb the rear surface n enpl oy
any co 255 on Hie tkprovfrthemetsd dongerisdut Gorgrally. thengangaat phihe meetrtds pelraldyol vi ng
conver D) pe diffusion |ayer using
al um nﬁfm&ﬂa(t)ﬁd ﬁﬁ%&rag%{agldy? f); }qﬁk%gesl'l'l%% ﬂklé::élgss} E"é‘;@%g met hod is then

wi dened002&lcor di ngl y, for exanple, by assigning the conposition 13

containing a ele 1L of the i odi ¢ tabl h.,as boron

Co e RN g mdR et Br K i b Bbe iR fubdigp faghefla s 20700,

COMpPOoSi lirbdlmﬂg'ﬁa plméﬁilﬁld‘@llaaﬁc(ﬁﬂﬂtg&ﬂ thcqircﬁaohtpeﬂﬁiohlar@&esgﬂﬁcp@ﬁh ﬂﬂtlzxenéeab! e,
a t e | usi on a

such as OE( a comnposition for_ form ng IS

i ncl udetEl. c&)ﬁ)dé?t‘ﬁ i crass-Rechignal ‘iﬁmt’ﬁ%’ea’i‘? ¥ |S%W“5%8Fxﬁ@p%&%osed
i n the HapRduBRNSirofss tnh@ H&Hmatéeemctamnfg% e Yot MivEsiRf. dind fesi on

| ayer, except that t he gl ass powder contains an ‘acceptor el enent, which may
be an elravings, lo nombeys mder to like olermense tiroughout tbspsciffastionxanpl e, boron (B),
al um nu[@bg ) or gallium(Ga) or the like, instead of the donor elenent.
The acceptor el enent-containing glass powder preferably includes at | east
one sel ect ed Ifi Fith B2} an alaB0SsdmibnGa 383gned to silicon substrate which is a p-type

semiconductor substrate 10, thereby removing the damaged layer, and a textured structure is

obtained by etching.
Specifically, the damaged layer of the silicon surface, which is caused when being
- sliced from an ingot, is removed by using 20% by mass of caustic soda. Then, a textured
structure is formed by etching with a mixture of 1% by mass of caustic soda and 10% by mass
of isopropyl alcohol (in the drawing, the textured structure is omitted). The photovoltaic cell
achieves high efficiency through the formation of a textured stricture on the light-receiving

side (front surface) to promote optical confinement effects,
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The met hod for applying the conmposition for formng a p-type diffusion

| ayer to a rear side of a silicon substrate is the sane as the nethod
nmenti oned above for applying the conposition for form ng an n-type
diffusion layer to a silicon substrate. The conposition for formng a
p-type diffusion applied to the rear side is subjected to thermal diffusion
treat mef@035h t he sane manner as when the conposition for forning an n-type

di ffusion | ay Qihl;ﬁﬁlﬁ tnic field
| ayer 14 on tﬁrFIﬁé@@ag‘B&%&@%’%@?ﬁa l{]ﬁ?ty Sy re&fn&rtlgoﬁﬁ’teﬁ ohia
conposi fiopirsuface bﬁtherpﬁg)essemmqqdectdr fubsisate i) thgftes d facogeetiap abh y

sinmulta eousl con ththether di ffusion treatnent, o t he
conpos | RGFEFTE S HGh ORISR R TN BT OB SaPoRion EELL  he
seni CoNHit QkesErtistdndbe, tﬂcﬁ‘e iDfb mitqtst tHeh@pRcatibR Sethdd, !’&'c@téﬁnbﬁ)’@?nﬁtﬁ{gm ng
conposition layer 11 was formed, js_subjected to a thernal usi on

t r eat meRethed, Bsniaipg maethedebuysh abication, 2 spBE methads a dpetenbladeimethod; aoell
treatne f errent into the sem conduct or
subst ra?cseaté éedrllé;ecgf;1 mnfrllég{ﬁ%&r)l&r?ﬁ% 9%%%“%1[ Ugl on |ayer 12, as shown in FIG
1(3). The theTlnmamehnlt biignating of thatcoppbsitan fdydomang nad- tgpﬁdﬁstsmg layekisman

conti nugu urn ch_f.urnace aper for t he hermal
G r 1 us oo AT Rifee W6 RS o Rise o e B SR B e Y e miidet e
wth ai andpngmnyfmmt(rpgaﬁ?toqo we |ike. The treat nent tinme of t he

t her mal |éLgS|on can be approprlately sel ect ed dependi ng on the content of
a donorl nt contained in the conposition for formng an n- type

di ffusi on | aymrnef, Glep@ifiitifne thfipbdifat HBAL c&ﬂ:ﬁif‘s:@én f08 % ef fusi on
may be in the range of froml mnute to 60 m nutes, and pre era y from?2
m nut esdiffysion layen @drging pogees for volatilizting ef thegblvent doafpined(in dhe eonpasitionade of
phospho n I of t.he f.ormed
- type. Y PAEEE) 858 Bl ol Bele S IBAD, IO BiS e Y Bina By i g,
The et chitraga campeptuieaif 8D t0R00°0y fau dimigue tk I‘IO\Mﬁnﬁnﬁi e using h Ul fl@esoret hod
of di pp q a sub%ect I n an@md such, as h@{ofluorlc acid, .a nethod of

di ppi ngt®4 18 GHPwe 1o 30 mpputes een nshngr dixeroxtha like: s Singe tirse chdng Feasitiqne040)

As showireigBpdnldé onkhe %oi@élﬂ c ?%mtt&ﬂ"@f e Er\(rﬁ?os‘i‘ﬂi&f fé9 ﬁﬁ'ﬂlu‘l@%ﬁﬁ R digodet hod

of the present invention ormng an n- diffusion layer 12 using the
conposi By#nthedr CSP@TrlﬁY“WQOBM mtmyﬁ@u@rlﬂfimyt@rto I‘JEFy@OV‘?_ stagadoonditians-t o t he

pr esent Ologz'ent i on provides the formation of an n-type diffusion layer 12 in
t he des site, without the formati on of an unnecessary n-type diffusion

| ayer on the When using thapeodncing rdethédofthe present idvmtionj aygbyucizg medied ef ehi ng

P 0020 S TR Pl R B o P B AR Y Sk ™0 O

any conventional known method without being limited to the method involving conversion of

an n-type diffusion layer into a p-type diffusion layer using aluminum, and the range of
choices for the producing method is then widened. Accordingly, for example, by assigning
the composition 13 containing an element of Group XIII of the periodic table, such as boron
(B), the high-density electric field layer 14 can be formed.

As the composition 13 containing an element of Group XIIJ of the periodic table,
such as boron (B), a composition for forming a p-type diffusion layer is included. The
composition for forming a p-type diffusion layer is composed in the same manner as the
composition for forming an n-type diffusion layer, except that the glass powder containg an
acceptor element, which may be an element of Group XIU of the periodic table, for example,
boron (B), aluminum (Al) or gallium (Ga) or the like, instead of the donor element. The
acceptor element-containing glass powder preferably includes at least one selected from B20s,
Al;03 and Ga0s.

The method for applying the composition for forming a p-type diffusion layerto a
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diffusion | ayer by the conventionally w dely used gas-phase reaction

nmet hod, but according to the produci ng nethod of the present invention, the
si de etching process becones unnecessary, and consequently the process is
sinmplified. [0041] Furt her, the conventional producing nethod
requires the conversion of an unnecessary n-type diffusion |ayer forned on

t he reafeaside aE@ siligesubspate ygibie garne assthe mMathodenentiongd abrive foappbiing e et hod
enpl oys : k i Vi Akpl i Luni.num which is an
el enent C%FH%%%*(W&J%%%gﬁ@ﬁéﬁgﬁ%ﬁgfﬁg&ﬁ% ype diffusion |ayer

of the rear sThd carpositivnl fordatming ssp-tytpe rdiffigridroapplibd testhe pdar side ifsubjecrdt he
n-type diffusi | ayer which i.s thereby converted into,a p-type.diffusion .
| ayer . tﬁtﬁ?ﬁ@%ﬁ%ﬂewmﬁ%meﬁw&@ﬁ?w ‘Yl}?gﬁh%c%%ﬁ"{sg}oﬁ%f’ SPIBESD oqui r ed
to achi ﬁltﬁaasdiffﬁéiﬁﬁ br 18 QBAE By foRbifg Tdhik-Renstylcldeticomne1d ByeF 148dme0 form
t he hi gh-densit elﬁgctri c fieléo??I ayergof tEe p_+jﬂ?’ayer in t%iwg met hod, it
was neckBssifs: + bhehemad diffision teratment ofithespmpositiendudprming aoetyph diffusion
coefficj : t ' . j S G ' leys. di T ferent
From t nay agsPrertibly i iRa kK BhpRa B A AT S RAERREE | Lced
as a subsnpwiten fenfhmaghinff-type diffusieslaydérs i n generati on of heavy internal
stress t)dé H1e silicon substrate during the sintering and cooling processes,
whi ch ¢ ? butes to warpage of the silicon substrate. Such i nternal

stress damageNeitie gemiconhaidabsraes 10; o Siladphe naghd ditfioh Tyehforhigd! em of
an increase | ower |l oss. Further, warpage readily |eads to damage of

n ! )
cells i ?Pl?mpélt@&ﬁ%wéhe@%?m}ﬂ#ots@vwﬂaé & g thermal shiffugion fRatwe@at i on with a
copper {al t af.:l i | I . ecent
yenrs, chbShf 8fBOKCS B0 At WdFmaith Ge M Bl B Bintobidr B 0
r educt i dmooglesest intethe ssmlvshdwtar, subsiratd) theeshyl fosming aa nttgpeldififnyioh dayet bz, cel |

to be npre readi acked., (00 . However,, sinhce, .according to the

br oduct B REERLE G The THE el Effosing moptib o irsaublany SEEH 5a0%h  { st on
| ayer isntiace@duniacs, batchd@mass) of Bedike! hevigni rﬁﬁniﬂ?@lﬁb therimsl BFRERAVer si on of
an n-type diffuysion layer into a p-type diffusion layer, which_consequently
abol 1 sHE AR (e dumers %meﬁpmmdaqamep%@%ﬁbhmm%wgm QestL niEozsnr Asyl t

it is pgssikkl e to suppress the generation of internal stress in the silicon
substrate or warpage. Accordingly, an increase in power |oss, or damage to

cel | s can be Higfpreése dime@agthermal diffimion ¢raybe appropriatslinsslactad dspertiieg ng

t hod i | . i " +-
i 11 o1 St SonBhRonEHERLA Uimal 08 RUP U SR (1 W Rinp B RIIET (0t ace
can enpdiffysiamjayeet Hod exartplethe bredtngnt fimi o thettbertdabdifiixsion dndyrbedh dhengnge

conversi of an n-type .diffusion.ayer.into .a p- di ffusion |layer using
o un nthiror  ~ERaf b 80 Fyleen, a5 Breger S b o BriBuRa b L A b oadened

For exdips®y, it is preferable that the conposition for formng a p-type
diffusion layer is conposed ip the sane nner, as, t he conpaqsitign for
forning an n-ﬁﬁweé%iﬁ%sf ¢ Ghptishg R mesk G RopeF el E'é?%%%’dﬂ&ié??%ﬁ@ai ns an
accept Qin @k SFeRte Jrngd i%ﬁﬂec?ﬂt}ﬁéec}iﬂﬁ%&ﬁ lagkLT® e p 0@ &f&%ﬁﬁglﬁs%refnﬂfveaor m ng

a p-type diffusion layer is applied to'a rear s of a stlicon substrate
(i.e., hyrichipposTheetehing sarebe errierbow pyfusing a lowowini ro¢theddnddedipg s imsitimd dfor

form ngy; Z j i i (I X hermal di-ffusion

{1 et nauiinga siREerdh b e SR MRlard Syl e LIRS B IPHE" o) 4

| ayer Idkarsurhes caatic sodhgor the like. As will be described |ater, the materi al
used f&h?@]surface el ectrode 20 of the rear surface is not limted to'
alumn Goup XIlIl of the periodic table. For exanple, Ag (silver), Cu
(copper) or tAwshoiabn FegS Al (3Paddel (35 @b n-Spetdiudibi RkaeHembly rhdiRosshace

el ectrode 20 of the rear surface can be further reduced as conpared to the
r el at edPregept invention for forming an n-type diffusion layer 12 using the composition for forming

an n-type diffusion layer 11 according to the present invention provides the formation of an
n-type diffusion layer 12 in the desired site, without the formation of an unnecessary n-type
diffusion layer on the rear surface or side face,

Accordingly, a side etching process for the removal of an unnecessary n-type

diffusion layer formed on the side face was essential in a method for forming an n-type
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[ 0044] In FIG 1(4), an antireflective film16 is fornmed over the
n-type diffusion layer 12. The antireflective film16 is forned by using a
known t echni que. For exanple, when the antireflective film16 is a silicon
nitride film the antirefiective film16 is fornmed by a plasm CVD net hod
using a mxed gas of SiH4 and NI-13as a raw material. At this tine,

hydr ogefitisionjayes by theoargntioanlly widely wad gahphasoidagtiontoethodidiut senordindtst e t o
bondi nguQf. .Stk Is ] ' t o hydrogen,

wni ch e preick B0l BB b Syenlof CLLO AR Brocl WERh R (BERERD. ) |
t he ant andeddneertvientdy fhielproctss is sinfidifisdd under t he conditions of a mixed gas
NH3/ Si l_ﬁ)()]:l wratio of 0.05 to 1.0, a reaction chanber pressure of 0.1 Torr
to 2 Ton, filmform ng tenperature of 300C to 550C, and a pl asna

di schar ge fr erueRe YhdéondORidakproiudihdethod k%8 the converdibn 5f4&a  1(5), a
metal paste for a surface electrode 1s printed and applied on the

ant i r ef VeSS iyRe ddfugiondayer foraied on g waresurfapginto » péwpadifigsion bosn by a
screen | il ' . - e 18.
The ot St Bl IBbARi e R M CE KL Lol T plle (PAGRBEE MBS
(2) gl assnplemednt bESrap >dikaithe péricciimipblecon $ie naigpe diffision ddyley of BB rearr esi n

bi nder, er_addi.tjves. [.Q046 R .Then_ ar sutface, el ectrode 20
is al sos“%%%?fgtﬁﬁ%%c A E?e&ﬁ@gﬁflhé'flm e ﬁ?llegl' t§P§ %%F‘oﬁiayﬁ WhIE IF ear

sur f acetherdby demetted trio A@HEDONIEIIEIOE layeh e SIBESHN dmustint of Bh@Idual greadr fhen & N
met hod of the rear surface electrode 20 are not particularly limted in the
present® ﬁY‘flégnf.'eqF’G?d Washisvesulfipignt cogyersigp inte @ Ralyee fifeglenieyerayd @ so be
for med RymamRPhighAendie14ced ﬁ&&'lifﬁ?@fﬁl: gtlayads R3S OR s AOsly P! al such
as alum num silver or copper, followed by drying. In this case, a portion
of t he foenm Bigk phmrinwmylayer.s cHeweysrincgder edefficient of thegherpabexpapsion 6Hr ni ng a

ova7] SRiRPESppofi fTRGHL et B SEMcRE! ot Roki R Frge e

phot ov cfiliconowiziel {s uskhana substrste/dueh adiffarenceaesulte th ganieratibn af heavpéntagnat e i n

the ran of 0QC to 900C f.or, several, secqnds.to several n nutes, the front
Sort oo ert Bl onSe (R B SRR RaR ap e rOEHre, WhiFh CHRFBE & an

| nsul atwéigagdd dfithe dieor mbkiise.gl ass particles contained in the

el ectrode-fa;#ﬁﬂ%?gretgfl g{ﬂ te, and the siljcon_ 10 surface is also partially
nel ted, by wi%€ 118} St dateqees theresiin Eunfsne of ayriglerrepiiing oy thaprobient he
paste fﬁaﬂ‘iﬂ’cr@é&@‘izﬁﬁ%whw 1648, t PReBdy wﬁ&@géﬁalaﬂy &@ugs hUandagl bfmg iP¥he

solidification. | i's manner, electrical ‘conduction”is made between the
f or med coureyseee of phetoveliaic relinerdntrecopntstiprwitub sonpar Bnel@fer®dite apa tibess i s

cal | ed yfi.r 8 i e shape.of th rface

el ect rol g’ Wé’%gg\%l? %g%g&l T%%resc Srrn:j%%%’ %ﬁ{aaé%n?)e&lténﬁ&ia gpor%ﬁgén%tsag?&lugsbus bar
el ect r due l8i0odmdkres$ redgetionsdfect licpaesuBarata wicaesiltsdn thedony foatheekRed r ode
30. FI o 2(6&:‘: iresaéflpr%lrf a/i ew of, as seen fromthe front surface, a

phot ovo A T C R a configuration where the surface electrode 18 is
made ugoo42]t he bus bar el ectrode 30 and the finger electrode 32

i ntersecting_the bus, bar el ectrode 30, and FIG. 2B is a partially enl arged
per spect i ve VieXFVEh SiBFes acegiding to the producing method of the present invention, no

nnnecessary n-type diffusion layer is formed on the rear surface, there is no need for the
conversion of an n-type diffusion layer into a p-type diffusion layer, which consequently
abolishes the necessity of making the aluminum layer thicker.  As a result, it is possible to
suppress the generation of internal stress in the silicon substrate or warpage, Accordingly,
an increase in power loss, or damage to cells can be suppressed,
[0043]

Further, when using the producing method of the present invention, the producing
method of a p'-type diffusion layer (high-density electric field layer) 14 of the rear surface
can employ any method without being limited to the method involving conversion of an

n-type diffusion layer into a p-type diffusion layer using aluminum, and choices for the
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(0049] The surface el ectrode 18 can be forned, for exanple, by the
above-stated screen printing of a netal paste, or plating of electrode
mat eri als, deposition of electrode naterials by el ectron beam heati ng under
hi gh vacuum or the like. It is well known that the surface el ectrode 18
made up of the bus bar electrode 30 and the finger electrode 32 is

t ypi cal prgdugsrgimgihiod aregherchroadiaed.or t he |i ght-receiving surface side, and a

known net hod I g.f. ' e r. £l ectrode and the.fi,nger

el ectrode of E{o & ‘?}1 i ‘?{S}?‘Eef?@plﬁgf’%f}?‘? %ogéﬁoss?%g f@éﬁ%g‘ga%&p&ﬁ‘ﬁfswg@%r

Al t hough campdret] dv tetsaine nexdhér daalvd sognpRitiontiyplrminkfansi-fype Hiffisionflgyeed on t he
front surf . pttype diffusion |ayer fornmed on t rear surface, and a
front ME@*&%@ﬁs@a@d%ﬁ{naawwwﬁmra%@n@#é@m@ dopes eigment; thee

I es pectdoyfpobidiif Fisr fBSing ASClybd 8RRARA S er R USR] rebNGdCHPERE DBsthRL

form ng an n-type diffusion |ayer according to the present invention
enabl edi-ehtieppperictsngacedp the walare wonkigh thepeapesitpr firdomaing an n-type  The

back-c : : " LSkl A 'y ' l.vi ng
cur  aceriiin BYS R ABDICR onf Ol ibrER R F el Bl Py RRRE 17

t he badiighedertsity eleptrivt fldlayer Ig arethk réss sidequi red to have a p-n junction
structure by forming, both n-t di.f f usion region an +-type

di f fusi on redto Iﬁ‘oq?q*eﬁ%’bregZagers@re%%r.‘al?ﬁ%is%ﬁﬁﬁw %Fie&qgf‘g??q Bf"lt?f' ﬁ%‘ean n-type
di f f usisaffaderiy a6t M@ Red & dlgni@m! dTEGB0E SETTbf KRvRAbiR e abFGSxhiplef 8 mat i on of
an n-type diffusion portign on a certain region, and therefore can be

or ef or XBIFTnEHIFRRPeDIST theclilcs i aleq bausst o hadcknssrofibe prbrs slsrredectoe! |

[ 0051] of the rear/duerabl S SRS rOducddRe {@&ﬁé Mg bgation No,

2010- 013517, Japanese Patent Apf):lfl‘ca‘]t&lﬁ(ﬁ)?:mr .2815-"2 %‘3’9, and Japanese
Pat ent [#@]i cati on No. 2011- 005313 are incorporated by reference herein in
their entireti Lothe |4teratdre, .patent | l.eat.i ons d
t echni cal st g%gg?'dlg)éﬂ %nﬁgrﬁ%?céﬁvﬁ ﬁglxpglng soé'mﬁceirgg?rn ?%%p%ﬁﬁ 8 Patygr e sane
ext ent Tbe aptiwfliectixrd filor 16ip dorinfaddgl singeaichosevectmiidue. WFbhexaesi€ cthehahan

i ndi vidual Jiteratuye, patent.application, and techni cal. standard to the

o f et SAEAerE Rl Saatiaoitn b hanr foialEtve Fimdeds wted DERRSIES

[ 0052] CVD metlidey @i inbed gaxX aNSIHE Snll NFRGE Qlrake RtReritil t hAt g RhE3KBEogbRVENt i ON
will b iiﬁlescrlbed i n nore det ai but the present invention is not limted

e L, [ ) ol
t her et SLISRF w4 co/pals Fdan arpit phishedaes mot qaneribuete honring of sdicqr plomg) thabt
r eagents, 4ldafSind Bin8 SPind PR Hylkdpdh,| Whith tHe AV Rk a delfict PRfRSSenlRssivAdY), MBss” -

More specifically, the antireflective film 16 iz formed under the conditions of a

mixed gas NHz/SiHy flow ratio of 0.05 to 1.0, a reaction chamber pressure of 0.1 Torr to 2
Torr, a film-forming temperature of 300°C to 550°C, and a plasma discharge frequency of
100 kHz or higher.

[0045]

In FIG. 1(5), a metal paste for a surface electrode is printed and applied on the
antireflective film 16 of the front surface (light-receiving side) by a screen printing method,
followed by drying to form a surface electrode 18.  The metal paste for a surface electrode
contains (1) metal particles and (2) glass particles as essential components, and optionally (3)
a resin binder, (4) other additives,

[0046]

Then, a rear swiface electrode 20 is also formed on the high-density electric field
layer 14 of the rear surface, As described hereinbefore, the constituent material and forming
method of the rear surface electrode 20 are not particularly limited in the present invention.
For example, the rear surface electrode 20 may also be formed by applying the rear surface

electrode paste containing a metal such as aluminum, silver or copper, followed by drying.
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[ 0053] [ Exanple I] 20 g of P205-V205-based gl ass powder whose
particle shape is substantially spherical, average particle dianmeter is 3.5
pin and softening point is 554 C (P205: 29.6% V205: 10% BaG 10.4% Mo03:
10% W3: 30% K20: 10%, 0.3 g of ethylcellulose and 7 g of

2- (2- but oxyet hoxy) et hyl acetate were mxed with an automatic nortar -

kneadi ngn Hastasea pomdomefithe reat srfacp asyalsodepreyvidedowith e sitywpaste for fhomingor mi ng

an n-ty nIa er 005 riticle shape of the gl ass
powder i gg%ru@f i‘& fﬂr éné‘?m{g % #emftcﬁllsmygaﬁlﬁ? 8 PE%®t ron micr oscope (trade
nanme: TIAMIDO, manuf actured by Hi tachi Hi gh-Technol ogi es Corporation). The

aver age di anej er_ of powder was cal cul ated wi.th _a | aser
diffraction p ’tEECb |lég>s$12~‘3 @ﬁ&ftrﬁgﬁﬂe%‘éﬁmﬁsﬁtphwézv@f%ﬁgl h:Whapthem trade

name: - | Sinfcdind 8DearIBNUAE L Wfifbrdifee iR BHGE to SRPC)Lr ENEPACLER PO
poi nt o The gl ass powder measur e a differentra ermal "anal ysi s
(DTA) cueevesal minhtesn thc'ﬁfnmtrmrfﬁeandamtdeggo& fekimg i ilel anfitefleative Mnal §aich(s r ade

Thee oRm e R B a1 pRcles Sovta et an 1he Sl s PP el Fasise oy

screen pfd theisli@on a0 dudideaslales partialy mielted, &y athidibRetaf pdmaeqm;@mpu@ form a
about, 18pm t hi ckness. Subse uently, a thermal diffusion

|
t?gg{ maﬁ‘:{ ﬁx/g?ﬂe%?ﬁ}mé# pste form grontagtovith éwrseimaéebsartatql@@ff@omﬂ bY0 mi nut es.
Then, i QolRfiR@H#ohO Bﬁiﬂ%‘&ﬁaﬁﬁ@ﬁ ewceﬁ;al écﬁ)ﬁﬁéﬂong?ﬁmﬁ&'ﬁétw‘e@ﬂ ﬁ:e‘i“@t%néi’l' daPggk i n

hydrofl uoric acid for m nut es, runni ng wat er.
Sone at elgetreds Irﬁeﬁndrthwlhcmewbstmé@ll@n ’fhiapmpﬁsas:ealleﬂm'tre-ﬂwm@ be easily
rem)ved ubb| ng with a cloth. This was followed by drying. [0056]

The sur{ace at the side to which the conposition for formng an n-type

di ffusi on | ayHereimasteq i shepk efithe birfzed checabdel 8 isa8sicsibadic eTlaf sut@be C2/ 0 and an

n-type di ffusiqQn |ayer s. formed through di£fusi no phos horus) t hat
Can’ St Flerr i IRs e b 62 bus b siestrgto 0 ards tugd RERSqe2 GRREEORRE. ¢ he
rear subtsieg eRxhRodd 3Rd G mm@ﬁﬂﬁ@ﬁ%ﬁﬁ@ﬁénﬁ%ﬁitﬁé%ﬁﬁs&facé,aooo 000 CVO or
hi gher ]Qd It was_judged that no n-ty &g di ffusion | ayer was substantially

f or med. Phgjoepiaic catl withr gorfjeueatiop vdiess e surimneslepade t & mydeawrafihe Wisobe
hod
met ho Wéi'eﬁoh@%?tsu% %@9{‘%3@{0@5 399&@%@@&?% b&s%aﬁéltg@tg&ﬁ: MR BRY 2B

manuf act ur ed bf/ em cal Ana
is a partially enlarged perspective view of FIG. 2A

[0049]

The surface electrode 18 can be formed, for example, by the above-stated screen
printing of a metal paste, or plating of electrode materials, deposition of electrode materials
by electron beam heating under high vacuum, or the like. It is well known that the surface
electrode 18 made up of the bus bar electrode 30 and the finger electrode 32 is typically used
as an electrode for the light-receiving surface side, and a known method for the formation of
the bus bar electrode and the finger electrode of the light-receiving surface side can be
applied.

[0050]

Although a photovoltaic cell having an n-type diffusion layer formed on the front
surface, a p’-type diffusion layer formed on the rear surface, and a front surface electrode and
a rear surface electrode disposed on the respective layers was described above, the use of the
composition for forming an n-type diffusion layer according to the present invention enables
the production of a back-comntact photovoltaic cell.

The back-contact photovoltaic cell is intended to enlarge a light-receiving surface by
providing all of the electrodes on the rear surface. That is, the back-contact photovoltaic cell

is required to have a p~-n junction structure by forming both an n-type diffusion region and a
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[ 0058] [ Exanple 2] An n-type diffusion layer was forned in the sane
manner as in Exanple 1, except that the thermal diffusion treatnent tine
was 20 m nutes. The surface at the side where the conposition for formng
an n-type diffusion | ayer was applied exhibited a sheet resistance of 70
S2/ 13 and the formation of an n-type diffusion |ayer through diffusion of?
( phos pHorteg diffusion regipreon tgreas guffanse dhbcompesiticarfon formirsg aratbbypes heet

resi st . r.hi . .t ' ed .t hat no,.p-t.ype

i 1 us, Sy lepe iordh b B8 Riqert S8 cAMabibs G Tormd038 S Al i

n-type mhirfidrusi Deertabyepionpand hemwde tan Bdhwefepdbly appliee o ®e pradukienpi 2 1,
except th]zfit the thernmal, di.ffusion treatnment tinme was 30 m nutes. The
sur f acPEcopactPngeveliaic eslk he conposition for formng an n-type diffusion
| ayer vmesgppl i ed exhibited a sheet resistance of 17 WO and the fornmation
of an n-type diffusion I ayer through diffusion of P (phosphorus). On
the ot her harfe disglosyigapf émmeé%Bal'é&ﬂq‘mﬂllcwrdﬁo-tmﬂ@é§g}7a541mms&¢db\ttent

ot \ : ) Ly ; 1
i 7t usi e Eo b, sl b Aol Rt B gsa T MY
n-t ype inkdrparstied by refprencalseihdn theil entirdtie® sane nmanner as in Exanple 1,

t that t ; h t o P205- based gl wh
par 1 cl e shaftl P8 TSR aRLr P D eapioh Aol SRR e e P (5 3. 2
gm and e Bidbipgrdded Withd Sunfekéent B2 vidéa Yor s?ﬁﬁemrcam%ld SegallyPWith FREEct 5% and

t he furnace at_goqigihere when performng the mal diffusion was nitrogen.
Ly

L or m ng {
The sur® &g dggt tegatyie, pptentappiratien A dedinisal siadardortheeffent that theyame

di f f usiggsull 8Y 84 indBsofRe § lkbi ted a sheet resistance of 77 0/0 and the
f or mat ison of anln-llj))?peéddl:’f Sés?rléghlﬁ | ayer through diffusion of P (phosphorus).

On t he FOtAIPLESNd, the rear surface exhibited an unneasurabl e sheet
r esi St?ll of 1,000,000 wo or higher and it was judged that no n-type
di ffusiton Fayer was substantially forned.

Hereinafter, Examples in accordance with the present invention will be deseribed in

more detail, but the present invention is not limited thereto. Unless specifically indicated,
the chemicals used were all of reagent-grade. Unless specifically indicated, “%” refers to
“%% by mass”.

[0053]

[Example 1]

20 g of P,05~V;0s~-hased glass powder whose particle shape is substantially
spherical, average particle diameter is 3.5 um and softening point is 554 °C (P;0s5: 29.6%,
V20s5: 10%, BaO: 10.4%, MoQs: 10%, WO3: 30%, K;0: 10%), 0.3 g of ethylcellulose and 7 g
of 2-(2-butoxyethoxy)ethyl acetate were mixed with-an automatic mortar kneading machine
and made into a paste to prepare a composition for forming an n-type diffusion layer.

[0054]

The particle shape of the glass powder was judged by observation with a scanning
electron microscopé (trade name: TM-1000, manufactured by Hitachi High-Technologies
Corporation). The-average diameter of the glass powder was calculated with a laser
diffraction particle size analyzer (measurement wave length: 632 nm, trade name: LS 13 320,
manufactured by Beckman Coulter, Inc.). The softening point of the glass powder was
measured by a differential thermal analysis (DTA) curve with a Therino Gravimetry
Differential Thermal Analyzer (trade name: DTG-60H, manufaciured by SHIMADZU
CORPORATION).

[0055]

17



[ 0061] [ Exanple 5] An n-type diffusion layer was fornmed in the sane
manner as in Exanple 1, except that the glass powder was changed to

P205- ZnO- Si 02- based gl ass powder whose particle shape is substantially
spherical, average particle dianmeter is 2.5 gmand softening point is 460C
(P205: 60% ZnO 30% Si02: 10% . The surface at the side where the

conposi tion fiNextftae picpgredpaste impapplict tois pappd e stbsr=apRirfaed bextieli ted a
sheet resistance, of 10 0/0 and the formation of an n-type_ diffusion |ayer

t hr oughPERtRyaIdsHIsgrona s platgatd SO for s minutego foxe erehayingab D’t“}ﬂegllﬁbar
sur f acepgxRbdi t 9905@%52%% h&f@mﬁ}eagﬁ t%&a@@&ﬁe@%u@m%%ie@ggst n

hi gher and 1t was | at no n-type usion layer was su n |aIIy
f or med. at{1006Q) fo@Eﬁanmlltes 6]Then, in orde? 1o regndie tRY Hlas\N204; thasdgdtigicass dhgpader  of
Exanpl (V V205: % O 10. 4%. ., MbO 10% 3: 30% K2O
Tooy " G iegfiosig Ao o 3tputis, et P SEIng Wt oo water. | Some atached

2-(2- b%@@éﬁﬂk RRIN&T Wihe BEFAcRL lﬁht\&ﬁﬁl@ HEeAQH MloRe By AN 2 BRI ar

kneadi ng nmachine and made into a paste to ‘prepare a conposi tion for formng
an n-t yps #ias fllowsd byaypg. Since then, the procedure was carried out in the
sane ma@g as in Exanmple 2. As a result, the post-washing substrate
exhi bi rilo glass material attached thereto, thus exenplifying that the
attached nuat éihiealriagest dwssidetorvdnclythe coesifiowfitr femrihig ewnay chﬂ’usadn a s heet

Tt s BRe v PPt xbihies B sheh Rt REITG AT A #ohire fien By en

[ Exanpl i@rrﬁe]:d through ¥Rttt W&pﬂb@ﬁﬂelﬁis%af @a‘ﬁ%fff@éaﬂ&%ﬁ@@n'a@ atﬂﬂﬁto%@ﬁ‘ﬁc manner
as in Exanple 1, excep hat t he gl ass wder was$ changed to P205-2Zn0O based

gl ass pi?ﬂdeﬁ)%@@erﬁwﬂffh bp eeas ﬁmﬁce.egh@ubcé@Jamm@ﬁsuspbbww.rewanmr age
ticl 4 %  ZnO
B <1 E06t ARORL o ks o S 0 A 0O Rk 306 AP PRly 0,

n-type fdihédisi on Iayer was applied exhibited a sheet resistance of 18 C2/0
and th {) mati on of an n-type diffusion |ayer through diffusion of?. On
t he ot and, the rear surface exhibited an unneasurabl e sheet resistance

and it was j udig@Heck halstdhee Wt wRealed b8 FRR phébtahetM@SwitH 3@ tdidhdy for med.
meter (trade name: Loresta-EP MCP-T360, manufactured by Mitsubishi Chemical Analytech
Co., Ltd.).
[0058]
[Example 2]

An n-type diffusion layer was formed in the same manner as in Example 1, except
that the thermal diffusion treatment time was 20 minutes. The surface at the side where the
composition for forming an n-type diffusion layer was applied exhibited a sheet resistance of
70 €/0 and the formation of an n-type diffusion layer through diffusion of P (phosphorus).

The rear surface exhibited an unmeasurable sheet resistance of 1,000,000 Q/C or
higher and it was judged that no n-type diffusion layer was substantiél]y formed.

[0059]
[Example 3]

An n-type diffusion layer was formed in the same manner as in Example 1, except
that the thermal diffusion treatment time was 30 minutes. The surface at the side where the
composition for forming an n-type diffusion layer was applied exhibited a sheet resistance of
17 £¢/0 and the formation of an n-type diffusion layer through diffusion of P (phosphorus).

On the other hand, the rear surface e:fchibited an unmeasurable sheet resistance of
1,000,000 £/00 or higher and it was judged that no n-type diffusion layer was substantially

formed.
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[ 0064] [ Exanple 8] An n-type diffusion layer was forned in the sane
manner as in Exanple 1, except that the glass powder was changed to

P205- Zn0- Al 203- based gl ass powder whose particle shape is substantially
spherical, average particle dianmeter is 2.9 pmand softening point is 423C
(P205: 61% ZnO 35% Al 203: 49%. The surface at the side where the
conposi [006R) for formi ng an n-type diffusion |ayer was applied exhibited a
sheet r&sﬂﬁi stﬁen‘ﬁe of 21 010 and the formation of an n-type diffusion |ayer
t hr ough“d*F¥tsTon of P. On the other hand, the rear surface exhibited an
unmeasur abl e shgeype dFusadnRger WAfolthed'Rhd SEGCHafiiabs HOSBMPIPE, dhcdtusi on

| ayer V\@S ub%;tgantially formed. [0065] [ Exanple 9] . An n-type

di T f usi Gt e gless ppyider siapebpngpd theQsaiiO-hased glasawhpse metisipshape is except t hat

t he gl - - - gl ass. L~Whose
part?cla%%g a‘éﬂé@{sgﬁ%ﬁcg@{& g%?‘?‘g?ﬁdgé%g}eﬁégg ?ag'\%l‘é?%g%qiﬁaﬁgi%@lg?%%ngt er is 2.1
pm ?nd @Q@s:é’ﬁiyn@pgoﬁﬂv\%&, Si@zélﬁ%m(aﬂ?%%_) arfill e ffﬁ’n@].ce a%mﬁ%ph)fﬂﬁﬂhen%for%ﬁ%gf The
surface, at, t e Where, the cqgposition for formni an n-f i ffusion

| ayer v&g‘éhk?ﬁﬁﬁ ‘%ﬁ“%?(‘h‘f"ﬁ‘? %éfag%{ms?ﬂg@ts 8 Egtﬂ%ﬁfd‘éﬂ‘a erg %@P&ﬁﬁl%g & formation
of an neoinfig aﬁlnt@géaﬁﬁsﬂoawer Rk gptgi%d;ékﬁifbﬁéd 25heRi reSistall $1F QIN&1a tﬂ@jng g tge

rear surface exhibited an _uruneasurab e sheet resistance and it was ge
t hat ndormatigneofaniftype difusion deyenthsoeghtdiffasion af P (phosphosek). [ 0066] [ Exanpl e

10] An 4)- ' |.on_ | aver J.qr in a nner as in
Exanpl e 1, e@e%f\éB?ﬁgbil{dl’i@egf:%rssgk%ee er léeg?”?ﬁ%ﬁ%%“%aﬁ%%%%gﬁ? 20- based
gl ass plodaRd00RIBEr Higher khd & vald juid el $had ub Sitighd didfukiin 3BREMas albstatiiidllyage
particle diameter is 2.4 p.mand softening point is 395C (P205: 61% ZnO
35% KZfB‘.'m%ﬁ}Q. The surface at the side where the conposition for
form n%(\)/l@‘g\”n-type di ffusion | ayer was applied exhibited a sheet resistance
of 19 and the formation of an n-type diffusion |ayer through diffusion
of P. dBx#mpleddher hand, the rear surface exhibited an unmeasurabl e sheet
resi stance a ' ' t - di ffusion. l.ayer S
subst anti al | ;,/Lﬂ}ﬂgﬁy#‘g? : [qé L%%ger[@;fﬂ%ﬁ%eﬁﬁ%@&m Tarmer & mha’ymplé,\?’ except

that the glass powder was changed to P,0s-Zn0-Sj0;-based glass powder whose patticle

shape is substantially spherical, average particle diameter is 2.5 pm and softening point is
460°C (P205: 60%, ZnO: 30%, 5i0y: 10%). The surface at the side where the composition
for forming an n-type diffusion layer was applied exhibited a sheet resistance of 10 €/3 and
the formation of an n-type diffusion layer through diffusion of P (phosphorus).

On the other hand, the rear surface exhibited an unmeasurable sheet resistance of
1,000,000 /0 or higher and it was judged that no n-type diffusion layer was substantially
formed.

[0062]
[Example 6]

19.7 g of P205-V20Os-based glass powder of Example 1 (P20s5: 29.6%, V205 10%,
BaO: 10.4%, MoQs: 10%, WO3: 30%, K;0: 10%), 0.3 g of Ag, 0.3 g of ethylcellulose and 7 g
of 2-(2-butoxyethoxy)ethyl acetate were mixed with an automatic mortar kneading machine
and made into a paste to prepare a composition for forming an a-type diffusion layer. Since
then, the procedure was carried out in the same manner as in Example 2.

As a result, the post-washing substrate exhibited no glass material attached fhereto,
thus exemplifying that the attached material was easily removed. The front surface
exhibited a sheet resistance of 70 £/0 as in Example 2, and it was judged that no n-type
diffusion layer was substantially formed on the rear surface,

[0063]
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An n-type diffusion layer was fornmed in the same manner as in Exanple 1,
except that the gl ass powder was changed to P205-Zn0O K20- Na20- based gl ass
powder whose particle shape is substantially spherical, average particle
dianeter is 3.0 gmand softening point is 406C (P205: 62% ZnO 35% K20:
2% Na2O 19%. The surface at the side where the conposition for

f or m ng[Emnpli¢ §pe di f fusi on | ayer was applied exhibited a sheet resistance
of 21 WD and,the fornation of an_n-t i ffusion | ayer through diffusion

pe.d
of 2. On the ot HErTRARHISIORImPE RS Sumed SLtesHme FaRera Ih FFUBRET AP e heet
resi st angetheithsk boWas wasdagshelin ZROIDARA) Hhdside ; i
substanti al | %@:‘So?rreq. [006%ik [ Eggzmﬁozﬂblﬂ fﬂbgs pﬁ?d%%/%é%(%f%?iss}ﬁa%enlsl ayer
was f or figtantaliyepherend, avarnge pﬂl@isleirgmﬁmrﬁpllé im aegt sefmingatintind35Cass powder
was cha %d-ésg/&%n%'s - based gl ass powder whose particle shape is
subst an |aI51y spher (o average particle dianmeter is 2.8 pmand softening
poi nt is 470CTlR2Rface B3ke sida@hefe8@ composition b efonmidpadm e Uittuskindeyspher e
t he conpositio fQL_ f(i)rgn an n-type diffusion | ayer was applied exhibited
a Shoot WAsETRlied labissd 3 sheereriainea o7 Srichand; the fasmation eof anymtypaidiffusiinon | ayer
t hr oughydi LR ;8 n r. : hi bi ted an
nmeasu AE) SRR of ] CRANGLIEE nitl he riilSufrR o BILAGE BN O
| ayer wehsekngsistenge dndlit yas jodpestthat(rR068)pe [diffasig] leyer3fas substantially fortnepe
di ffusi 6llfyer was formed in the sane manner as in Exanple 7, except that
t he con@gsi ion for formng an n-type diffusion | ayer was applied to a half
sur f ace[Examples§]l i con substrate (5 cmx 5 cm the sane size shall apply to
the foll ow ng Ex%g&lefg% A ngﬁtead of the entire surface thereof, and the set
tenperature gt P IHETPT CYELVAROEMGR it s stmne manner aypExample d cexsept: he
por ti onmwhae elabEow@IRAS ich ' Dbdie e Y Was
appl i ed exhi gi tsglgo_a sheet érdéég(iigfgzgsgz%?@gﬁ%eg?%gﬁgsn%&{%gwfhgérb :??a(;% of an
n-t ype #iapg isshbsiantiaili spharical, gveraief fanislo diapfetd® is A pirhenddofleninggoiht ist he

sur f ace,pf ~t ord i gn.wWher e he,,conposition for form ng an n-type

di f f usi Fé@?@fﬁé’%}? |51‘?‘]éé_3’é%@'bi ted an utuneasurable sheet resistance
and no for matTieufhced the didPRhetefthdisdrdibsttayigbr forRthgld-HBE BRI M t he
conposition for form ng an n-type diffusion | aéer was applied exhi'bited

sel ect | V& frohehextipitesta sheetresigtpecedif il $3{omd |ty tormatian effpam-typhdiffisim sur f ace
hi bi t i i i op b d_t hat -1
G} L VB TEARMATD, B8She GBS TR B0 MBS G O30, VP

n-t ype dieétiresistanmcelaay érwasgsddedrthachoi mtyphdiffision lagsr ves salsstintiaffx forpled, 8,

except Ofopgg] the conposition for formng an n-type diffusion | ayer was
applie a half surface of the silicon substrate surface instead of the
entire [Exahpe®]t hereof, and the set tenperature of the electric furnace was
950C. The surface.of the portion where the conposition for form ng an
n-type diffugbity mlﬂaﬁp‘l%éﬂ@%mﬁhﬁ EAMBMIRRES S HeBYampin dLX68P145 CVO
and t hgpit ' b o) t ' ' f P. On
R R e s A T

f or m nghape in sulsstantidlly splerioal, ieyage pasiclandiamapp is 28 pexdiduiofening poimnizeasur abl e

sheet rgsi e ) tio f an n-type diffusion layer, and the
porti oﬁ%@@%h@ﬁg%&éﬁ%ﬁq%g%?m mng an n-type diffirsion |ayer was
appl i ed exhi bk G E® A eld @ VRGBT QhRbitRA Hr fo ;g%fnf-fg?é 9&&!5@‘1‘?%}!31‘

Further, the rear surface exhibited an unmeasurable sheét resistarce and it
was j udepsdrplied exhdbitedayshectaesistunsie of 26 £/Branddls: Bobstieaniizalo-typé diffreidn [ 0071]

layer through diffusion of P On the other hand, the rear surface exhibited an unmeasurable

sheet resistance and it was judged that no n-type diffusion Jayer was substantially formed.
[0066]
[Example 10]

An n-type diffusion layer was formed in the same manner as in Example 1, except
that the glass powder was changed to P205-ZnO-K;0-based glass powder whose particle

shape is substantially spherical, average particle diameter is 2.4 pm and softening point is
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[ Exanpl e 15] An n-type diffusion layer was fornmed in the sanme manner
as in Exanple 9, except that the conposition for fonning an n-type
diffusion | ayer was applied to a half surface of the silicon substrate
surface instead of the entire surface thereof, and the set tenperature of
the electric furnace_wa The surface of the portion where the

950C.
conposi #90F @b@siﬁéwaﬁ@?WnKzgip”é%hi ffusion | ayer was applied exhibited a

sheet resi st : ' -1 B f i | ayer

t hr ough di ffﬁg%gsﬁp%ﬁ%.tﬁ%{g?ﬁ’gggﬁﬁ% n%oﬁgf,oh?ﬁreﬁ&aﬁgg@en %’?gfl es%grﬁ%ﬁgn wher e
t he conwasagplied efldbitdédod shieeresiptaicet o160 @I and Sheoforatye ofams-1ype didfusioned

exhi bited ap | urabl e sheet resistance and no forpation of an n-type

di f f usi e tHgpuet 107 f Ppo%tﬁ%ﬂﬁﬁblpﬂéaﬂﬁer%ﬁﬁ%wt%ﬁﬂﬁ%@ %P?ﬁsﬁ‘"g“g%
N-1ype giebf MSkaicd AU wiSBd@RIthiS LRk BithRHnIS)FGld i | f an
n-type dieffusi on Iayer\ﬂ%ur?%reir, t he rear surnfgi:e edﬁ\r%l S{t@ggﬂ%%&%ﬁﬁeasur abl e
sheet rB9b%k ance and it was judged that no n-type diffusion |ayer was
substan%g#n}p}/e ]{]ﬂrmad. [0072] [ Exanple 16] An n-type diffusion |ayer
was forimed rn e same manner as in Exanple 10, except that the conposition
for form ng admn-ypepdiffdsiéd lageonad foyreed incthe sqid madhdras & Badnipls Uy dfaeg of the
silicon,substrate surface inste ft ire surface thereof, and the .
set fterﬁ’?@trtg?G{aésEﬂw %@%FQW%P?@F@E@%&@%@%@“ gﬁl‘_ssl’ _”?@}P?%ce of the
portio g_oafnaé ShdpB¢s SARATIN PRedQ, averaBi PAHBR daketfss diof iH3heLrauy Weas

applied exhibited a sheet "resistance of 42 S2/11 and the formation of an
n-t ype phifitfis 408 PaQeb204) ZolyB5HW, KeQs2%nNefO:R.%)XOn t he ot her hand, the

surface of t ortion where the conposition for form ng an..p-iype
diffusion | a F)S\Rgtgcer%tthea%%‘?w ?fcéli%‘ig%méﬁmﬁ%ﬂﬁﬁg%@%g@e E’Ifﬁ’é’t"}llﬁ"éyﬁst ance
and no W&y dpplitdBxt@bitelh shettiBastihdeldf2l A0l AM e foraidd 6T SR -ybORiffIRMeE t he

conposition for formng an n-type diffusion layer was a&i)l i ed exhibited
sel ect i keerftgongh digfesion oAR. nOnylhyeother fandi tha reag yaface pyhiblied an wnraeasemablesur f ace

exhi bi t y 4 resi. : i j no n-type
di f f usi %ﬁe‘?gsiéet%%?&éﬁg‘;ss 3?1%%3‘?‘9‘%?0‘? @Qj.m’(s’%%‘%i’et‘ A E“rrﬂfasl%g’%% N
n-type [@068li rsion | ayer was formed in the same marnmer as in Exanple 11,
except at fcﬂgﬂconposi tion for formng an n-type diffusion |ayer was
applie o] f surface of the silicon substrate surface instead of the

tga gg iCr e surf 'a$m ﬁhﬂfe&ﬁfﬁusi@?liyﬁﬂ’hﬁassﬁfmé@ﬁmﬁé Sirhe ﬁlaﬂfertﬂﬁlﬁl EtLgile 2,Cexﬁ?[5tn ace was
' e surface of t portion ere the conpagsition fo orming an

n-type tB?trtPﬁggawq éwaa/a’gan&&grq %@sé%@-ghﬁee@bés ERWaH Phose REARleshERe 180 0711

and th e i = Hal j i i of 2. On

t he ot %gﬁﬁhandl?%lg{cgg rIa @%&g@@ﬁ@fﬁ%&%@ﬁ %$§%Q%§ Qfg;stiqﬁ?r?cf or

f or mi ndPzs:83%y 60l 7¥alsi on | ayer was not applied exhi bited an i measurabl e

sheet resi st f i 0 n n-twoe.diffusion_|ayer., and the

Sorti on whor A B QAdBhLE I lonibelob tRltoftiss 4RirP Dk A¥Rion Hifer| 1O

appl i edvsdpphied ethisieldecshbsaediqintrtiofqn (ol a8 ti foyReid §ffms-8he biEision
Further, the rear, surface exhibited an unrneasurabl e sheet resistance and
it was PYRISeguehdifiugign of Py n@ndhs ¢then hand, By sar grréacs grbibied ampyeaswiahied

[ 0074] : : el i i.nsthe sanme
nner SHe e S B M o vpe
di f f usi[6®9]layer was applied to a half surface of the silicon substrate
surfacgE%ﬁéﬁalg of the entire surface thereof, and the set tenperature of
the el ec fanace was 950C. The surface of the portion where the

Cﬁrrposi tion fﬁﬂrn-i)ﬁenﬁﬂ@siclsﬂﬂaperg\y@ﬁfoﬁl?éd m%aad:a?maﬂ@sim@ﬂmjﬂf@lz,eaﬁaépi Ited a
sheet resistance of 3 0.and the fornmation of an p-fyp i Sio ayer
t hr oug ﬁﬁﬁitﬁﬁf CROPRASIEN fg" ‘Q‘)@’Fl’%grf@ PR AUSRR oy gy @&PPQ?FLtO@feha?flf%‘ﬁg?ﬁ ®idn where

silicon substrate (5 em x 5 cm; the same size shall apply to the following Examples) instead

of the entire surface thereof, and the set temperature of the electric furnace was 950°C,

The surface of the portion where the composition for forming an n-type diffusion
layer was applied exhibited a sheet resistance of 38 /1) and the formation of an n-type
diffusion layer through diffusion of . On the other hand, the surface of the portion where
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the conposition for formng an n-type diffusion | ayer was not applied
exhi bited an | measurabl e sheet resistance and no formation of an n-type
diffusion | ayer, and the portion where the conposition for form ng an
n-type diffusion |ayer was applied exhibited selective formation of an

n-type ﬂlf usion | yer JFurther, the rear surface exhibited an

ut nneas pwositien forfeanisg ap BdyRaditrsiondaye] Wafead applind axbibicd pre d| ffusion
| ayer Wagms ! EXxem e

di ffusion I%}?%?%\A%E&%%{Srtre&gg :gﬁﬂl%l E&%éﬁlénhanner asdj[];&lrllm%laﬁ%rm@e xcept t hat
10 g of whkeeshsSt@napestid-thnfuding aagstype ddbsioniaee was appliddexbibitpd sdlective

subst an ] erica vera ep di arre .S un and oftenl ng
poi nt |£dr%h%9 ?%b%h&g&éﬁ& 60@4&}5&@ lie@%m ESXIBP&E& ”@éqaf‘fff‘ Se and
86 g of slaet eEisianenoid 1V\@ﬁ£_1uﬁgecﬂﬁat 1o n-ty#:;e Hitgustan Thps Gva tsubdintiallfl Cordegr € t he
corrpomt@c}@lfor formng an n-type diffusion | ayer was applied exhibited a
sheet ance of 30 0/0 and the formation of an n-type diffusion | ayer
throughmyampq@jqn of P (phosphorus). On the other hand, the rear surface
exhi bi ted an unneasurabl e sheet resistance of 1,000,000 (2/0 or higher and
it was j udgedAnmdypadiffusioy fryerivas fosinod inl thy ssmevensarlas irEsanple §, Ewepted,

007 BORRBS ATy e i 8 BLc VA 98D, BgPn

2-(2- busiﬁxqmibﬂxqt& atrﬁych mﬂafme\mﬁm suirfaedtharwf riRd ¢hd set Rfpeaagt efthe prepare
acorrpoitio for for an n-type diffusion | ayer. Next, the
prepare e\%sw d to a p-type silicon substrate surface by screen
printing, andnstrmeﬂ O the BOHioR et b cdraBbsif typalnegantly, a

t hermal diffusion t?eat magt \RIas carri gd g ' clﬁ{nfogﬁ e eciﬁ??(t:}%%ur nace at 1000C
for 10 hvmwppktﬁbmblmd@rﬂeﬂmmmﬁwéSWE agdl #edfotmgtian, ofshe-tgpbst rat e was

di pped ofI |dfo 5 I U f o) |,one shi ny thrunnlng
wetor EUBEDIRG: tRgish fusion SF edp‘s{'}lf" B b, PReREpER o PR S!
Conposi tlhbﬂamfnﬁs’m(ﬁrofdﬁcﬂgnﬁglarﬂn 1&11&1&&1&5;%&5&1&&1:&@8 cXAdite@dn exhi bited a

sheet resistan f 14 svo an he fqrmation of an pe diffusion | ayer
throughufavﬁfﬂﬂ%réﬁlﬁﬁgwwcmg formatipp of yp- mﬁrfﬁ@@n% Hetrskthe BIHOBI t ed a

sheet rgfére iR WomnRkitidf f&Y Qnﬁﬁg aalnst%@diﬁaﬁioh%c} bas bR ekRBied sddile L YPe
di ffusion | ayer, [0078] [ ConparatiVve Exanple
formation of an n-type diffusion layer. Further, the rear surface exhibited an unmeasurable

sheet resistance and it was judged that no n-type diffusion layer was substantially formed.
[0071]
[Example 15}

An n-type diffusion layer was formed in the same manner as in Example 9, except
that the composition for forming an n-type diffusion layer was applied to a half surface of the
silicon substrate surface instead of the entire surface thereof, and the set temperature of the
electric furnace was 950°C.

The surface of the portion where the composition for forming an n-type diffusion
layer was applied exhibited a sheet resistance of 35 £2/0 and the formation of an n-type
diffusion layer through diffusion of P. On the other hand, the surface of the portion where
the composition for forming an n-type diffusion layer was not applied exhibited an
unmeasurable sheet resistance and no formation of an n-type diffusion layer, and the portion
where the composition for forming an n-type diffusion layer was applied exhibited selective
formation of an n-type diffusion layer. Further, the rear surface exhibited an unmeasurable
sheet resistance and it was judged that no n-type diffusion layer was substantially formed.
[0072]

[Example 16}
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1 g of ammoni um di hydrogen phosphate (N1-141-12PO4) powder, 7 g of pure
water, 0.7 g of polyvinyl alcohol, and 1.5 g of isopropyl alcohol were

m xed to forma solution, thereby preparing a conposition for form ng an
n-type diffusion |ayer.. Next, the prepared solution was applied to a
p-type silicon substrate surface by a spin coater (2000 rpm. 30 sec), and
dried on a hoénﬁrt&%dlgﬁmm ¥ Was BTiRed [t the samg mapeal @p in Exanple A xgept

di f f usi g theeakPBRto RS fGalifd S0k diffudéh BY&GHAS a‘bpfiﬁf ﬁ%@%ﬂ@@@ﬁh‘t or 10
m nutes. Then, in order to renove the glass”layer, the substrate was di pped
i n hydr 8breosibstrate perface insgagiof theentire ifacsihdrdofi and div seytewipetaturaofitheg wat er
and dryan%ﬁ %ggn%] o~The surface at the side where the conposition for
form ng SRR - % ?ﬁ%%ﬁgéan | ayer was applied exhibited a sheet resistance

of 10 C2/0 arhd defatosimi pertiof whdfk the toRSosHid 8 EhidBuai-typardotesioldi f f usi on
of ? (phosphorus). The rear surface, however, exhibited a sheet resistance

of 100 Byer wapraliehexdbitediasheetreristinge 9h 2 SHUand the formative odiah fidspon | ayer .
[0080] [:Gommnak.aLi ic.acid. 9 g.,of Sio02
powder , &@S;B gfl 5%16%%%%?%% fo]T' aonr%jthé(?glé:i) %ﬁ%ﬁﬁ%%ee@&%?%mﬂlg‘gﬁrﬁ o form
a past ethetchmpetitiorpfoe fariingaan-tyyrptifidiorolayérowasf ot applipdarhibittdpe di f f usi on

| ayer. . X t he prepared_paste was applied to a p-type silicon
Subet § APEISEPER Sty e uBRR B B FTERGR OLaR DEE IO oY, g BOR 150
for 5 mvhete@e cobitoshiaH 6 tbitming ah ek pRlifREioh USiepHab kS {cARRhibIaS seatiivb ed out
in an electric furnace at 1000C for 10 minutes. Then, in order to renove

the gl alosmptigroof animiype dBBwsiontleyeRa siathsp dbe fear syliee exhibitsdanamimeasusabls
m nut esgp-Eabliausd 2 %\@gslg ' g ,? ' The
surfaceS gt thle Si de}f[l er b?%gvﬂé%t%go& #g%ﬁ%&q?%e?%ﬁgﬁ%&n%ﬁﬂ%%émgﬁﬂusi on
| ayer wWi@873pplied exhi bited a sheet resistance of 30 wo and the formation

of an £ fusion | ayer through diffusion of P (phosphorus). On the
A

ot her e‘rear surface exhibited a sheet resistance of 60 0/0 and
al so exhi bi t eth it diffusion perohasformed ke shrkd mamsn ab BYRXamdlEXDlerBeti ons  of

letter Sthgtrthg ggrglgc%litls n iIm(:) ?O?‘l:il{-l gla% -‘Eytp% %?ffuss?orxq I%?Q‘d#a%ta%{aliesdutgsétl{aﬁl s(la.lrface of the
silicon substrate surface instead of the entire surface thereof, and the set temperature of the
electric furnace was 950°C.

The surface of the portion where the composition for forming an n-type diffusion
layer was applied exhibited a sheet resistance of 50 /0 and the formation of an n-type
diffusion layer through diffusion of P. On the other hand, the surface of the portion where
the composition for forming an n-type diffusion layer was not applied exhibited an
unmeasurable sheet resistance and no formation of an n-type diffusion layer, and the portion
where the composition for forming an n-type diffusion layer was applied exhibited selective
formation of an n-type diffusion layer. Further, the rear surface exhibited an unmeasurable
sheet resistance and it was judged that no n-type diffusion layer was substantially formed.
[0074]

[Example 18]

An n-type diffusion layer was formed in the same manner as in Example 12, except
that the composition for forming an n-type diffusion layer was applied to a half surface of the
silicon substrate surface instead of the entire surface thereof, and the set temperature of the
electric furnace was 950°C.

The surface of the portion where the composition for forming an n-type diffusion
layer was applied exhibited a sheet resistance of 38 /0 and the formation of an n-type

diffusion layer through diffusion of P.  On the other hand, the surface of the portion where
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12: n-type diffusion |layer 14:high-density electric field | ayer
16:antireflective film18:front surface el ectrode 20:rear surface el ectrode
(el ectrode | ayer) 30:bus bar electrode 32:finger electrode 25 CLAIMS 1. A

conposition for formng an n-type diffusion |layer, conprising a donor
di spersi on nmedi um

| t t | wd
goﬁpnggl fl'f%g:r%mf%i??‘h?’g f‘%\ a gﬁntetgfﬁfed‘gf#‘?‘%ﬁyﬁhwﬂ%%ra?@é@d?x&%@d% claiml,
wher ei nuﬁﬂ@aﬂ%ﬁsh@éﬁ@ﬁﬂ&de%aho If&ﬁ?artloﬁ BPat?ﬁthgiﬁtﬁﬂ'uglér?ggpxh&?fﬁg FJQHE) (P) and

anti nony (Sh 3. The conposition for fanning an n-ty ayer
accor di Wered %Ffanmsquirfogfom@m%hdﬁbmlaﬂrmnppimdmhlhmedgeigitwgs

P om Pobd R0 b aflos ol A Fu i W kool R B BB REAT Uil *

sel ect eshekt waisBhO2andlif R8s Juﬂgﬂﬁﬂmaﬂno?ﬁltypBalﬁJﬁ’usﬁrrﬂay@a@s sybsRintibhBe GornedO,  PbO,
CdG, VZR)I?WS]SnQ Zr 02 and Mb03.

[Example 19]

An n-type diffision layer was formed in the same manner as in Example 1, except
that 10 g of P205-810, -CaO-based glass powder whose particle shape is substantially
spherical, average particle diasmeter is 1.7 pm and softening point is 756°C (P4Os: 30%, SiOa:
60%, Ca0: 10%), 4 g of ethylcellulose and 86 g of o-terpinenol were mixed,

The surface at the side where the composition for forming an n-type diffusion layer
was applied exhibited a sheet resistance of 30 Q/0 and the formation of an n-type diffusion
layer through diffusion of P (phosphorus).  On the other hand, the rear surface exhibited an
unmeasurable sheet resistance of 1,000,000 /0 or higher and it was judged that no n-type
diffusion layer was substantially formed.

[0076]
[Comparative Example 1]

20 g of ammonium dihydrogen phosphate (NH;H,PO,) powder, 3 g of ethylcellulose,
and 7 g of 2-(2-butoxyethoxy)ethy!l acetate were mixed and made into a paste to prepare a
composition for forming an n-type diffusion layer.

Next, the prepared paste was applied to a p-type silicon substrate surface by screen
printing, and dried on a hot plate at 150°C for 5 minutes, Subsequently, a thermal diffusion
treatment was carried out in an electric furnace at 1000°C for 10 minutes. Then, in order to
remove the glass layer, the substrate was dipped in hydrofluoric acid for 5 minutes, followed
by washing with running water and drying.

[0077]

The surface at the side where the composition for forming an n-type diffusion layer
was applied exhibited a sheet resistance of 14 Q/0 and the formation of an n-type diffusion
layer through diffhsion of P (phosphorus). The rear surface, however, exhibited a sheet
resistance of 50 Q/0 and also exhibited the formation of an n-type diffusion layer.

[0078]
[Comparative Example 2]
1 g of ammonium dihydrogen phosphate (NHsH>POs) powder, 7 g of pure water, 0.7

g of polyvinyl alcohol, and 1.5 g of isopropy! alcohol were mixed to form a solution, thereby
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4. The conposition for formng an n-type diffusion |ayer according to any

one of clains 1 to 3, further conprising at |east one netal selected from

Ag, Si, Cu, Fe, Zn and Mn. S. The conposition for fonning an n-type

di ffusion | ayer according to claim4, wherein the netal is silver (Ag). 6.
A method for formng an n-type diffusion |ayer, conprising: appl yi ng,
on a seRFPYRBAResIPosIHEE fordpaning ga netypsdiEiusipd layesr forni ng an n-type

diffusion |la ' . : i - : ] a
hermal di £ 1 Sinig Prefheld lGANYaCABIh o Pl o bab e SPACUGY bR, |
conpr i s¢aatgr (2000 rpmaPpee),mgd dord an 8 oi aeautiEC bubsiinste, Subeequengdoai ti on

for form ng n:type diffusion |ayer according to any one of clainms Ito 5;
cond uctwﬁ@%ﬁaﬂ@r‘ﬁ’é}'ﬂaﬂﬁw Y&s sHTied il ieR FfeFBmf%ﬂ%F%ﬁ Wfpﬁgordpfmmte&n | ayer

and f or pRéAgmARd&' 16 S AAGhO Blatd By thy BEbsHhle W el &Y Rfdroftuoric acid for 5

minutes, followed by washing with running water and drying,
[0079]

The surface at the side where the composition for forming an n-type diffusion layer
was applied exhibited a sheet resistance of 10 /0 and the formation of an n-type diffusion
layer through diffusion of P (phosphorus). The rear surface, however, exhibited a sheet
resistance of 100 /0 and also exhibited the formation of an n-type diffusion layer.

[0080]
[Comparative Example 3]

1 g of phosphoric acid, 9 g of Si0O; powder, 3 g of polyviny! alcohol and 90 g of pure
water were mixed to form a paste, thereby preparing a composition for forming an n-type
diffusion layer..

Next, the prepared paste was applied to a p-type silicon substrate surface by a sereen
printing, and dried on a hot plate at 150°C for 5 minutes. Subsequently, a thermal diffusion
treatment was carried out in an electric firnace at 1000°C for 10 minutes. Then, in order to
remove the glass layer, the substrate was dipped in hydroflueric acid for 5 minutes, followed
by washing with running water and drying.

The surface at the side where the composition for forming an n-fype diffusion layer
was applied exhibited a sheet resistance of 30 /0 and the formation of an n-type diffusion
layer through diffusion of P (phosphorus). On the other hand, the rear surface exhibited a
sheet resistance of 60 /0 and also exhibited the formation of an n-type diffusion layer,
[Explanations of letters or numerals]

[0081]

10: p-type semiconductor substrate

12: n-type diffusion layer

14: high-density electric field layer

16: antireflective film

18: front surface electrode

20: rear surface electrode (electrode layer)
30: bus bar electrode

32: finger electrode
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CLAIMS

1. A composition for forming an n-type diffusion layer, comprising a donor

element-containing glass powder and a dispersion medium.

2. The composition for forming an n-type diffusion layer according to claim I, wherein the

donor element is at least one selected from phosphorous (P) and antimony (Sb).

3. The composition for forming an n-type diffusion layer according to claim 1 or 2, wherein
the donor element-containing glass powder contains; at least one donor element-containing
material selected from P203, P05 and §b;0O3; and at least one glass component material
selected from Si03, K>0, NayO, Li;,0, Ba0O, SrO, Ca0, Mg0, BeO, Zn0, PhQ, CdO, V05,
SnO, ZrO- and MoO3,

4. The composition for forming an n-type diffusion layer according to any one of claims 1

to 3, further comprising at least one metal selected from Ag, Si, Cu, Fe, Zn and Mn.

5. The composition for forining an n-type diffusion layer according to claim 4, wherein the

metal is silver (Ag).

6. A method for forming an n-type diffusion layer, comprising:
applying, on a semiconductor substrate, the composition for forming an n-type
diffusion layer according to any one of claims 1 to 5; and

conducting a thermal diffusion treatment.

7. A method for producing a photovoltaic cell, compriéing:

applying, on a semiconductor substrate, the composition for forming an n-type
diffusion layer according to any one of claims 1 to 5;

conducting a thermal diffusion treatment to form an n-type diffusion layer; and

forming an eleetrode on the n-type diffusion layer.



