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DESCRIPTION PHOSPHORUS PASTE FOR DIFFUSION AND
PROCESS FOR PRODUCING SOLAR CELL UTILIZING THE
PHOSPHORUS PASTE 5 TECHNICAL FIELD [0001] The present
invention relates to a phosphorus paste 10 for diffusion that is applied to a
semiconductor substrate by screen printing in forming a diffusion layer on
the substrate, and, further, to a process for producing a solar cell in
which a diffusion layer is formed g g-substatgfor a solar cell using the

ph I te for diffusion. 15 BACKGROUND ART OOO%]i%In
TR S Colls TP HE A5piiBNe, B RrEsER( TOR FRODUCING
important taskabABd(&é-thdT 20 hianif&cttififg CoeCah@ R 3 eRdRTEa

method of producing a solar cell by the following steps is widely used.

The details of the method are, for example, as follows. [0003] First, there

is prepared a p-type silicon substrate 25 which is obtained by slicing,

based on a multiwire method, 3E&RY kS stalHsilicon ingot produced
[byaiQzochralski (CZ) method or a polycrystalline silicon ingot produced

by a cagliggmethod Next, damages,giyen Lo the substrate surface. by, <. o

the slicing are remaoved by an alkaline solution and, 30 thereatfter, a
fﬁ?‘fcr@%@d%}é TogbedBiternl (B&rET hithCa ImaKPHLMT BElRt oF afBhstgate by
sprigdormped mtboth altightrecengng sdfddeanda Backesurfatethe substrate,
aSubsequarilyra depantjs thesmally siffusesdniorihe subsiaia-by.ene of ,

o %n%usamgtl}ogs t:cL) fgr aaner]l:-tyfg (%lff%%lgg Iao er. Further, 35 TiO2 or SIN 1
i5'Jeposited on the Tight-Feceving sitace ih 3 thickna’s bf 35Feddhpfe, S°1aT
cabéutFO-Reh tbiI6rmes Rhfiate chvsfilen Seaxtda Hesesifon a
back-surface -1

BACKGROUND ART

[0002]

In manufacturing solar cells for c¢ivilian applications,
at present, it is an important task to reduce the
manufacturing cost and, in general, a method of producing a
solar cell by the following steps is widely used. The
details of the method are, for example, as follows.

[0003]

First, there is prepared a p-tvpe silicon substrate
which is obtained by slicing, based on a multiwire method, a
single-crystalline silicon ingot produced by a Czochralski
(CZ) method or a polycrystalline silicon ingot produced by a
casting method. Next, damages given to the substrate surface
by the slicing are removed by an alkaline solution and,

thereafter, a microscopic rugged pattern (texture) with a

maximum height of about 10 um is formed in both a
light-receiving surface and a back surface. Subseguently, a
dopant is thermally diffused into the substrate by one of
various methods to form an n-type diffusion layer. Further,
Ti0, or SiN 1is deposited on the light-receiving surface in a
thickness of, for example, about 70 nm to form an

antireflective film. Next, a paste for a back-surface
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electrode that contains aluminum as a main ingredient is printed on the
whole area of the back surface, followed by firing to form a back-surface
electrode. On the other hand, a light-receiving surface electrode is formed
by printing on 5 the light-receiving surface a paste for a light-receiving
surface electrode that contains silver as a main constituent in a comb
epatternoddith amadthcafnfios examyplepabous 109 ta 200.m, fokpvweed byt is

p'if@&e[QO% 19 Sushax techniquejs exgellent in that varous enhangings .,

effects on solar cell characteristics such as energy conversion efficiency

L3 Bfeidanti§ TR B2 Aot MR SARINY RE 1o fqueMRvdivss gther hand,
amidigium nembey bh stepsriecessaby forfalbecatmgitberdedicey Forinting on
rinstancen 5 tae theymal diffusion.ef the slopaat informing e difusienving
Sla]ygr g\@thglsgbgtz[gt eh%%%%/v%rlégl a%ffesct o_tLE[anrovm the diffusion tit ¢
f‘(leng?h of Small-number carriers 1 the Bulksby a E”grt‘-:-ttaerina action. fronstituen
1gdditisRMPedRibh§oraIGHIHUNT Prividd onfthe Batk skAaed eduridgout 100 to

2 EMation ©f 1he,¢Q hagk-spiface electrode, can simultaneously result in

both formation of the electrode and formation of a p° high-concentration
{%%Maving a BSF (Back Surface Field) effect on the back surface.
Furtherthord, thetentinefieptive ifmekas botnan optical effechreduation in

efeflectancs) 22 andia funietion of rediging the recomhination velagity,of, o

carriers %enerated, near the silicon surface. Bi; the minimum required

RifibEr 5P BERE Thasonié Lsd i Bhetts a8 BbGhEMRrionEd2 ti&ed -
npfshiithd tentbimdadtbre oivdiun-ase sélay célizat lowet cosisthanmber of
s befge n&#@@él@v@aWi%ﬁﬁﬁiaﬁl?ﬁ?fdﬁefiﬂ@?k%?@@mlf%&hni(ilié.ea ance,

oweyer, the canversion efficiency of g solar cell utilizing .a , _
tg%g g}g%/fg%irw%n(al sfle |€osnl§lfbs?r§atgc¥\%r%%r%ﬁ:e, lrélaéé)e%%jé%%p%%? Ii%]rtfgfusmn
Lap6at 169 thRd aubaRERten deraplavds FPidverfert in ednviersioaving the
d effipiencyrcanantbe expecied] In- facipirordar o sufficiently lawerdhe by a

g&@@@?&ﬁ?kgéQq%n. In addition, the firing of aluminum
printed on the back surface, during formation ¢f the
back-surface electrode, can simultaneously result in both
formation of the electrode and formation of a p'
high-concentration layer having a BSF (Back Surface Field)
effect on the back surface. Furthermore, the antireflective
film has both an optical effect (reduction in reflectance)
and a function of reducing the recombination velocity of
carriers generated near the gilicon surface.

By the minimum required number of steps and some useful
effects as above-mentioned, it is promised to manufacture
civiijan-use solar cells at lower costs than before.

{0005]

Even with the above-mentioned excellent technigue,
however, the conversion efficiency of a solar cell utilizing
a4 single-crystalliine silicon substrate, for example, reaches
an upper limit of about 16%, and a further considerable
improvement in conversion efficiency cannot be expected. In
fact, in order to sufficiently lower the contact resistance

of a light-receiving surface electrode, the surface
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of a light-receiving surface electrode, the surface -2 concentration of the
dopant such as phosphorus in the diffusion layer should be about 2.0 to
3.0x102 cm-2. When the substrate surface is made to contain the dopant
in such a high concentration, the surface level becomes very high, so 5
that carrier recombination near the light-receiving surface is accelerated.

cbierefreashei Ciseuit el remtpanc: apesrCikcyitMolags ere sestrctede
and, consequently, the conversion efficiency reaches an upper limit.

IbHBEE 108 In-GEGAOITHR tHbrBhaREh FroPossd A Retidd f61 - When the
s bviageconuesiare efficienafbydowesng dhie stHacel gpncentatigiuith a

t iffus) rmed e.Jight-receivi ur, [
?;é‘r;%go‘é%ﬂ%%a%mg s ] R HEe M IRt YBEP Tftn, so

ntRio- 187, 185 888 1Bt b Roftertl§. Addhrdingacsfiying surface
igoarpente salondohniib epntaerean Pedoimed eved Whamthersurfaicé

opRicentraan in therdifysionlayerds @pout L @Xx4A4 CMisdr < BEloW: THIS the
cig rgglizs%d by ggcriitigr%gfg compo nd c%‘ntailgliré?get aét),pang to the vicinity
of a Silver tller contained ik the 20 peasste Yor'Bi&CtFode:"Asd result of this
[888%4ch, a high-concentration layer of the dopant is formed beneath the
electrodmuparfirieg ot theseleetietle. Hawevesehy the prrihad in whighoa for
- -C ining . ' e the silver filler
e e s T e 0% %, £ Thrace
CRERREENRE ffusion HRr Ghd tHE LREEIARESH aFSEBRAnfnERe
1T hbrefores theré ngya puatilenethatithe selasncell eqbtaineddgdasin fiklating to

tfactonanding efighilitye 0007130 Besidass a8 &mgthod of enhanging, v o .
Gqugvergli%} (E)glglteng%_bggormlng a_hl h-porécentra_tlon Q|ﬁ‘u5|on layer .

(emitter fyer) Containing < dBERN ih /a hig CoTEhB%5R &h pincupent. a
Lan efdvtioe comhifcalowering the sbieftive deancentratien inttie diffugiane

cEYEL N QWEE 3IEa5 0TBe aiffusion layer is about 1.0x10°° cm™? or

below. This is realized by addition of a compound containing
a dopant toc the vicinity of a gilver filler contained in the
paste for electrode. As a result of this approach, a
highnconcentration layer of the dopant is formed beneath the
electrode upon firing of the electrode.

However, by the method in which the dopant-containing
compound is thus added near the silver filler contained in
the paste for electrode, it is impossible to form a contact
between the diffusion layer and the electrode in a stable
manner. Therefore, there is a problem that the solar cell
obtained is low in fill factor and in reliability.

00071

Besides, as a method of enhancing conversion
efficiency by forming a high-concentration diffusion layer
(emitter layer) containing a dopant in a high concentration
only beneath an electrode while lowering the surface
concentration in the diffusion layer in other areas of a
light-receiving surface, that is, by forming a two-stage
(two-level)} emitter, there has been known, for example,

"Photo-electric conversion device and process for producing
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35 light-receiving surface, that is, by forming a two-stage (two-level)

emitter, there has been known, for example, "Photo-electric conversion
device and process for producing -3 the same" as disclosed in JP-A
2004-273826 (Patent Document 2). This method is a modification, from
electroplating method to screen printing method, of a process for forming

tare agleoteddenin aldclal oslbwithrani@mbedded tpe3eEeétrada bdhat mas-ument

2heen kpewn R B -A 8-37 3 (Ratent Popumeptd) and Jh-4,8-191132
@aégt&t I%%cusrg%ntedf_?. Ités rsl%lgr;[o be $§s§mblle ?‘y this method tofacilitate’
roduction c8ftrsi AN dFh 1BwEF B prEqTctioRcdst HEGWEFS, fPGrdeptging an
edis@irrPRawbtstagé ehfttecinl 10WAd processibegdeidcirges selbeceltode
twiih anembeddeddypenclestndg psxlescsbed in Patent DooReMen® 3) and
Jneal teatgepl for forping.ap oype difusion 1gyer s folowpd. by 8 18l i1
treatment for forming a high-concentration n-type diffuision ayer.
b¥héfetsremf iPREceRafpfolddri bat REAUB frd SR Rodst dpiketo lower
twvhichdedds: tolcomplicated working steps and an increase in production

cost. [0§@@L I additign agapother gaathod fogh%ﬁflﬁ%t@tggaV%ﬁﬁH;ter in

efficiencg by forming a two-stage emitter, there 20 has been'known, for
FERamRpR, B HESE IRHBHGARG FsGiaredlrRldiseidddy fpyspbedded type
2004004249 $P dent Dbbatheht SPaltds bréboseddan thig dogumsnat thateatment
£inelividya ceglings withya #luiality,of Coaling AgentshYEan kel SYten neat
e 1garri%d Qut sirpultaneously £9 88 to create regslons different 25 in

men ormi ~CORCe E%B% %ﬁﬁ{%ﬁhgﬁfquion

opant conceﬁtjfatlon an(ﬁl/%r aopa species 8}}—5
1BKEIphorid8&ia o fise like islisetbas asiopant In 8aER ANk jdtsystem,
thewemen & cOUINIRALASHIE 8g3INGHh LEIrOBiNGS negdedmphichdeads daking

stapplicaigd system.and 30 intlicate malniepance; g addition, even if the
coating agents different in doparit concentration angi/br dopant species

LAROB ividually coated by ink jet, diffusion by one
In addition, as another method for enhancing

conversion efficiency by forming a two-stage emitter, there
has been known, for example, "Process for producing a solar
cell" as disclosed in JP-A 2004-221149 (Patent Document 5).
It is proposed in this document that individual coatings with
a plurality of coating agents by an ink jet system are
carried out simultaneously so as to create regions different
in dopant concentration and/or dopant species by a simple
step.

When phosphoric acid or the like is used as a dopant
in such an ink jet system, however, a countermeasure against
corrosion is needed, which leads to a complicated system and
intricate maintenance. In addition, even if the coating
agents different in dopant concentration and/or dopant
species are individually coated by ink jet, diffusion by one
run of heat treatment results in that a desired concentration
difference cannct be obtained due to auto-doping.

[0009]
Furthermore, as a further method for enhancing

conversion efficiency by forming a high-concentration
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run of heat treatment results in that a desired concentration difference

cannot be obtained due to auto-doping. 35 [ 0009 1 Furthermore, as a

further method for enhancing conversion efficiency by forming a
high-concentration -4 diffusion layer only beneath an electrode and

lowering the surface concentration in the diffusion layer in other areas of

dd figtsreceivirysurfaoe] thdrehes tiie ek rdver; fop dxample I ®Brecessy the
dorpredlichuhashier £81 oas disclaseddn AriR-fog004:981569 (RARDL areas

ocument 6). In the. process according to Patent Document 6, however, it
R oL 8 SR s At R e ToRARE . o

RIMEIreentrBhes affusioirlayepang Bndigh-corcuntratidn Hifasich kybpsed in
JS0-that thet proeess s 1@ apksimpledihis hegttreatment is conducted

only once, i ' wbpack info account_the d t concentration

] bec.omee%s fﬁgf%anéggng%%%r%%ggﬁ%ﬁ th%eoargg%%%%oa%ﬁ%ﬁgmg féctrode %f)wever !
1thelifyhRPESAg Buifdcs BREHs autd-bpmborcoradyubnty therdl twice for
foltaineg woulldwotshowre: highithcaiversion@aificieney: @30k Taking

HhefOrRINING, iNfQ £9RSIdarAtian . 4B:A 1%%0@531%%7%%51?&?@%%0%@]8@_%%) is

proposes a process wherein a first coating agent containing phosphoric

BR&dEHEPL Secord 26datR§ hgbhtadmaiHng BighdRpHGtE herddaance -
tatel mim Gldire ods Bdpptie d o op typeosalistratb &y dopeert: primtingntration
b@ﬂﬁﬂ@glh@@ﬁ”ﬁig%?&ﬂoqtﬂéﬁs%%éﬂ?uﬂﬁﬁﬁo%%ﬁﬁﬁﬂﬁﬁﬁbane?th the
igh:concentratiqn diffusion layer and_a low-concentration diffusion layer.
egg T ]lssoe&r?suorgs%ﬁla?t e %jr%'a%%%eolfvalf\ll?o-gt%@%aecrﬁitt Peh&Phash8eloPing -
CrrrredE b 1y forkitionedfa aiffisibrafagie Wrdhadike haiade thish

cearysatimple; residting Bnaipwering in production cost. Besides, since a
[%f{igijant surface concentration is maintained in the high-concentration 30

diffusion layer, a low-ohmic contact can be formed easily.
Taking the foregoing into consideration, JP-A

2006-310373 (Patent Document 9) proposes a process wherein a
first coating agent containing phosphoric acid and a second
coating agent containing diphosphorus pentoxide are
simultaneously applied to a p-type substrate by screen
printing, followed by thermal diffusion, so as to
simultaneously form a high-concentration diffusion layer and
a low-concentration diffusion layer.

This ensures that the formation of a two-stage emitter
that has been intricate due to formation of a diffusion mask
or the like is made to be very simple, resulting in a lowering
in production cost. Besides, since a sufficient surface
concentration is maintained in the high-concentration
diffusion layer, a low-ohmlc contact can be Formed easily.
Consequently, a high-performance solar cell can be produced
while maintaining the production yield at a high level.
[0011]

Thus, the merit of using the screen printing method in
constructing the two-stage emitter resides in that an
arbitrary pattern can be formed easily, that a diffusion

agent with a high dopant concentration can be applied to a
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Consequently, a high-performance solar cell can be produced while
maintaining the production yield at a high level. [0011] Thus, the merit of
using the screen printing method in 35 constructing the two-stage emitter
resides in that an arbitrary pattern can be formed easily, that a diffusion
agent with a high dopant concentration can be applied to a -5 substrate
sstirfdoeainea anifdfacthickness lyidie-timeraf cpietitg, bnddhat dapanto £

i I an efficientl s -high-concentration. us
T o e ey

DB G eChiBH. CorBa AP RTS8, ERPEBRHREY By AR8 phAtRG 50
threatswdricandetht Heat fretitrperimehith aeedcte sonpoletttieramshoitt lies
lﬁm@h@%@]ﬁ@@p@a I'ﬁ%t&{- t@é&%&?%@a@%@%ﬁ)ﬁ%ﬁ égrys_ﬁgt_fﬁﬁrmed by
orming. the.difrfusion er may S pe con C a scree prln N
R e R R ettty e cach

cesmikRtRdthay. Fhahspit cdfMfy method is preferable for forming a layer
[oo ezsurface in a uniform thickness, but is very wasteful because much of

the 15> giaterighis sealiere abie oo ol SpIniag: AnRIEs of Wae 1

coating liquid for diffusion that is used In spin coating include a coating
UfiGid FOrpSs b diftsiohideteiiBBd i Aon Abass Pepaepducted by
aDecument By and angpatingtigdica foribomatditfiusion desenbedin A may

ai@Wﬁé@%r(BﬁIﬁﬂ%&Q@o%lr%%&trﬁ)clfh‘é‘i@ltga%é%ﬁsah a %@i@ ngﬂﬂg coating
mmﬁ{‘%%d, the screen %rlntln% mgthod ensures, as in Patent Document 9,

at A large Ah PEifFOdok AHRAPEaR beTdydreddnth TibERSR T @
uBafgcathibigkaspeedP printisg vieuimeas Psinithditewmstsagnieh of the
mAwdeiall (0613 As desuivedalsn i Pajent Hocyme ¥njowWeyRindles of
tﬁ%a@ﬁ%%%ﬁgf?&%@%é“@d%9&5?¥ﬁ¥£§%“@%%¥’%Eaused in spin coating
include a coating liguid for phosphorus diffusion described
in JP~A 2007-53353 (Patent Document 7) and a coating liguid
for boron diffusion described in JP-A 2007-35719 (Patent
Document B).

In contrast to such a spin coating method, the screen
printing method ensures, as in Patent Document 9, that a
large amount of a diffusion agent can be layered on a
substrate surface through a speedy printing treatment,
without wasting the material.

[0013]

As described also in Patent Document 7, however, a
coating agent for diffusion is generally composed of a
water-soluble phosphorus paste containing a phosphorus
compound, a water-soluble polymer compound, and water, and
the viscosity of the water-soluble paste is susceptible to
variations by ambient environments such as humidity.
Moreover, upon continuous printing, even a water-soluble
phosphorus paste conditioned in viscosity undergoes
thickening due to dehumidification after a large'number of
times of printing, with the result of clogging of screen

meshes. Thus, with a water-soluble phosphorus paste, it has
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water-soluble phosphorus paste containing a phosphorus 30 compound, a

water-soluble polymer compound, and water, and the viscosity of the

water-soluble paste is susceptible to variations by ambient environments

such as humidity. Moreover, upon continuous printing, even a

water-soluble phosphorus paste conditioned in viscosity undergoes 35
bmekehimgpdisd. tol detiomiifidatipnadtera lange nombenobdimesrdfinting for a
1BriRting: ydthothe result- gk clogging.of sereamdueshes. Thus, with a

water-soluble phosphorus paste, it has -6 been impossible to stably carry

out continuous printing for a long time or a large number of times.

DISCLOSURE OF THEIBRSIEG TN GFP RER | BWMENTI ®F SOLVED BY

THE INVENTION_[0014] The present invention has been made in

consideration bRHREEESve- thetfoRed HFobiEths L AccotalTah-ics an
[ 8Bjettl of the present invention to provide a phosphorus paste 10 for

diffusioprbatjs sised i caREROUSIPIHIEIg R fch PRASBNARISRASEE i ration
ofiffuion.on o substiate by soreen ining. hiat does potupdergo s,

significant iNfidence of ambieht humldﬂy on VISCOSity, a Ythathas Ro
o Bassikilifoft HickeFRfiF Bled BEPA P dtRdRBAVAGSUS pIAEPIOEUS pPaste
fapother ohjetbof thiegiresentinwantion woprovitieca proeess +fon greducing
pﬂoﬁg@o&eﬂyt zing dhe phospharys pgste for, diffugiop, MEANS FOR e en

SOLVING THE PROBLEMS 20 [0015] In order to attain the above object,
PLEEriY tothE TprREft MOENTBIERER B Foddd L pitsphbfudisase of
afgridifftsionnthdtiissapplied e astibsirateaby stieen ragingofardesiinglaity of
tﬂm%igmilﬁg?re%iheaw r%e,ﬁggééf@@mh lﬁﬁ%%@ fg&qilgfﬁk@@t.f It is

incjuding at least: a doping agent contajnin osphorus as a ant for
BRI HSAn CTERITE I St S, SnfiEocess
ToglidHRERE 1A an Begaric Seént Whkkeihntie dopimiosphorus paste for

diffusion.

UTU JTy,

MEANS FOR SOLVING THE PROBLEMS

[0015]

In order to attain the above object, according to the
present invention, there is provided a phosphorus paste for
diffusion that is applied to a substrate by screen printing
for forming a diffusion layer on the substrate, the
phosphorus paste for diffusion including at least: a doping
agent containing phosphorus as a dopant for the diffusion'
layver, a thixotropic agent containing an organic binder and a
solid matter, and an organic solvent, wherein the doping
agent is an organic phosphorus compound (Claim 1}.

[0016]

Thus, the phosphorus paste for diffusion is an organic
phosphorus paste for diffusion that includes a doping agent
which is an organic phosphorus compound, a thixotropic agent
containing an organic binder and a solid matter, and an
organic solvent, whereby it is possible to obtain a
phosphorus paste for diffusion that is free of influence of

ambient humidity on viscosity. Therefore, even where a
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agent is an organic phosphorus compound (Claim 1). 30 [00161 Thus, the
phosphorus paste for diffusion is an organic phosphorus paste for
diffusion that includes a doping agent which is an organic phosphorus
compound, a thixotropic agent containing an organic binder and a solid
matter, and an 35 organic solvent, whereby it is possible to obtain a
dplsdsphdrps pasterfopdiffundhatisSiemoiliaffeendesofa antblentl ine pattern,

mBYmidity On Wseositye A hgtefare; eveRWhGIe p-ndesireghpatiern of the
_diffusion I% _%rlis atthin-line attern, meshes of a screen an a screen
5 =] O Ccly

lnsutsce e are Insusce 318%0 C%Jgré?r?g,%]ﬁ?cept%%tpeas{'g|srr%§ﬁﬁﬁferaed from

printing
thorkeniéReaninggud 2o a comihbisue panting.nAdousdinghE wwitis tied pastel th
tfos diffusion Bsed i GaNINLONS SEEREN PG ithedmbenidimester ing,
£ARMUNYALS PrinKng on Ské%%t.faésn%% ao%gglersfxg'et%r}#”g%ngaplsaﬁ%%%rfate
e greaty mcreaseé. an addition, smce%he scr%en mesnes are

Viksisée e 6> cRSHRTS, tRE PRB3PRoRSPRE ot RfudEi¢fiakys increased.
Iappkeli1G ontp therstdstiate ear bermadetebava-tewi defectseasible to

c§80p1Rd With 2 dageddiffusion layer pattermy s A1 BesidesSince g1 1 eq
phosphorus paste for diffusion includes a thixotropic agent containing an

OBFANTEBiNTRP ST 2% a SO d Ml SthHhixbTropic Fropefty $ahDHes
ceapifyreshtroliel, andléweipedsphofds paste foadHiusiontwiththe
[ Hixetropic property thus controlled ensures that the paste upon printing

shows Begtrayed qur,rlng frg@ thhteggeswﬁg %asttern.

5 e S (=3 = O as%g chi;ticu %I’% WIE_hO
the organlc]blnge'r dontained it pﬁ%spﬁorusppas & for diffdsion, 1R "

ibﬁéﬂé‘j{%ﬁ Faved g0 68 oprbp ety $ditpassiig iHréngh #ie RiesAbentngyder and

aObHEiSTreen fyinfingrpaten Besidespwithghe selid thatten coatadaad iny

cHhecB%%%’é@fu%gﬁStﬁﬁgf SWH@E&Q‘\%WQ&%@@ %’1#'.“%%%%“85_% SSwith the
through drying atter printing of the paste and the shrin ageLt]hrough

tﬁéﬁﬂ Qgﬂ@ﬁaQéﬁ@qﬁﬁ%oﬁg&%ycontrolled ensures that the paste

upon printing shows restrained blurring from the desired

pattern,

Particularly, with the organic binder contained in the
phosphorus paste for diffusion, the paste can have a good
property for passing through the mesh openings of the screen
printing plate. Besides, with the scolid matter contained in
the phosphorus paste for diffusion, the reduction in film
thickness through drying after printing of the paste and the
shrinkage through baking can be easily controlled by
regulating the content of the so0lid matter.
foo1ls]

In this case, preferably, the organic phosphorus
compound is a monomer having a phosphate group and/or a
monomer derivative having a phosphate group (Claim 2}.

Where the organic phosphorus compound as the doping
agent is thus a monomer having a phosphate group and/or a
monomer derivative having a phosphate group, phosphorus in
the phosphate group serves as a dopant source for the
diffusion layer to be formed. As the monomer having a

phosphate group and/or the monomer derivative having a
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regulating the content of the solid matter. [0018] In this case, preferably,
the organic phosphorus 30 compound is a monomer having a phosphate
group and/or a monomer derivative having a phosphate group (Claim 2).
Where the organic phosphorus compound as the doping agent is thus a
monomer having a phosphate group and/or a monomer derivative having
paphpBpliste Prouw, pHospherugihcds theeplissphatedroubyserves aslale can
peopaRigoures iny the s@ifusionslaneritebefogpedads 11 MONYMeIsured.
i%\iigqna phosphate group and/or the monomer derivative having a -8
phosphate group, those which are commercially available can be used.
Thus, ebBy a44ildbif) of Fitefiglis @n8aidte J0bSIPRedEdigd, Xhe solid
piattecisipreferahly foparticukaten siiga (Etadmtd)e and dae oeganic bingdes is

pResferably polyyinyl acetate (Claim 4). Viherg thg solid matter in the

thixotropic agent IS particulate silica and the organic binder is polyvinyl

acetate"REEt-TERtiGRed B fLuIdR diG iEHkER PR feshigffthel s
predutiond drt &|ns thidlowe saribirough dryiman aftebpmdenry ofsthpqpastel agd
atsstaie thescoptaetipr AiQgnbaking, whereasihe polwiny agetale isixe1y
t'ék%'éé% ]_g:ontro[btge prg grt¥bof the, paste for p s,sw{\c(féthrou h the mesdh ,

Sp&MiRGE 212 (0020 Pretarably tha briartc sb CERigHBSIEg drying
aggieEnPrRaviig B Daflihgthsinpamict |8ssithe@sIooE (Clhim  BrwWhaaetH on
thi@ﬁh@i”ﬁ&&@ﬁ@r}t hmwagl' adoiling @?;ﬂﬁﬁ&&%ﬂ%ﬁ%ﬁh@nﬂ@?@méh% to

t rgani nt_ contained in,the sphorus paste for

Cgﬁf%%%% %%egp%zﬁg%(%%é%weo dge%}n s %?N vgrlarﬁ)ar'l%sslﬁlf%mtpo%ﬁ% hdljcgl ©
s R oPREZ4TFEof the solvent in normal printing environments and is

[ capable of being printed stably.

Preferably, the organic solvent is a high-boiling
solvent having a boiling point of not less than 100°C {Claim
5).

Where a high-boiling solvent having a boiling point of
not less than 100°C is thus used as the organic solvent
contained in the phosphorus paste for diffusion, the paste
cbtained does not show variations 1n composition due to
volatilization of the scolvent in normal printing environments
and is capable of being printed stably.

[0021]

The phosphorus paste for diffusion as above may
further include a silicon alkoxide {Claim 6).

Where the phosphorus paste for diffusion thus includes
a silicon alkoxide, the silicon alkoxide serves as a linker
for linking between the organic phosphorus compound as the
doping agent and the particulate silica as the solid matter,
and is hence effective in accelerating the sintering of the
phosphorus component with silica during a diffusion heat
treatment. Accordingly, outward diffusion of phosphorus can
further be prevented. In addition, the silicon alkoxide is

preferable in view of low material cost and easy availability.
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25 [0021] The phosphorus paste for diffusion as above may further

include a silicon alkoxide (Claim 6). Where the phosphorus paste for

diffusion thus includes a silicon alkoxide, the silicon alkoxide serves as a

linker 30 for linking between the organic phosphorus compound as the

doping agent and the particulate silica as the solid matter, and is hence
[@fe€adtiVe in accelerating the sintering of the phosphorus component with

silica dyringa giffusionheale trgataent: ACGoINglOUtWRL diffision of,

[}p)o%p&]o u%caggg furStheEr be ﬁrev(%nted. In additifn, the silicon alkoxigg is

preYera e if View ©f fow mateHal Cost and eaésf/%v%ﬁaﬁﬁty. 890052 €
PRESHHIMG® the pFesdit nvEkiibns fitte iFBlBoPprRel 4dprdeudsifor coating
apeagivging-a sokat eall usingrihe spiesphorys pasieferdiffusions e by screen
pRISERICIARY RBUAL Y A3 AHER(S W DE PROPBRAME RS [l a tent to

diffusion’by screen printing, and subjecting the substrate to a heat
ERERndert b Hofh L ditBERR 14Fdr@Etaifl 7). Where a solar cell is thus

produc@ihesingehe cdlzovecrmbhtidsed phosphards pagtator wiffusien, the
aBeigE Sl vatioR ayalilyanbe Rraduced,in gopd yisld anddgf A o1 ax

c%reatl‘)f’/ ,reduce_d%%ro uction cost, since the phosphorus paste for diffusion

&mite AR oRaidRr BIE broVERTe R D TS Hintoerdt tAtefofdsntihudng at a
gpaRatdy passibleeds porardd avitrethel in theymdortdre Besidasevhesepaste
£Hie arganicsi®Ahespherys pastedes diffusinmas aheve isusads itds the
nfERIRle, or example, do pradyce. a oty coneentraton. diffusion layer.and ., .

a low-concentration ditffusion layer by apsmgle FUR of diusion ket pare
wiBBtrteRtwhardBieaPintifdaté ProceRRpd @aS berBiAfte 8 dosigprel ¢
pBtepstoanie fealized £30 EEHFGSE {oh TiE BWENTIGNuKO231iWithdhe

p8E9§%¥E95PéFEJQEHQ?éPW£§%%%ﬁQJQ a high-concentration
diffusion layer and a low-concentration diffusion layer by a
single run of diffusion heat treatment, whereby an intricate

procedure can be obviated and simple steps can be realized.

EFFECT OF THE INVENTION

[0023]

With the phosphorus paste for diffusion according to
the present invention, it is possible to realize a phosphorus
paste for diffusion that does not undergo a significant
influence of ambient humidity on viscesity and has no
possibility of thickening even after a repeated continuous
printing.

In addition, with a solar cell produced using the
phosphorus paste for diffusion according to the present
invention, it is possible to produce a high-guality solar
cell through a simple procedure and in good yield. It is
also possible to increase the number of times of using a
printing plate for continuous printing can be used.
Accordingly, the production cost of the solar cell can be

largely reduced.

-10-
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the present invention, it is possible to realize a phosphorus 25 paste for
diffusion that does not undergo a significant influence of ambient humidity
on viscosity and has no possibility of thickening even after a repeated
continuous printing. In addition, with a solar cell produced using the 30
phosphorus paste for dlffusmn accordlng to the present invention, it is
possible to produce BRiHREURHIE ] hAJI SigHe procedure
[@I@Qm]good yield. It is also possmle to increase the number of times of
[#? aégrlntlng plate for continuous printing can be used. 35 Accordingly,
e production cost of the solar cell can be largely reduced. -10 BRIEF
DESCRIPFION GF DRAMIRES: {0024)qFIG £1]a 160 185 acscheniaticdoe
priedefeaisolar cell to be 5 produced. [FIG. 2] FIG. 2 is a flow chart
E@gétratgp the process for producing a solar cell utilizing an organic
phosphorus paste for diffusion accor to the present invention. 10
P16 T, ZaiovintadIGE o ARE TG o BIGcoss for
pPiFIGudLRIG & Mdragcmhﬁhm%nﬂgﬂmgalaﬂnnshgaab&l&vqﬂmé_ﬁnbEus paste
fBM@E@E@@@ﬁ of gertinious rrinting.angd-theyiscosify. afRasie in
[g@r ple, 3 and Comparative Example 3. BEST MODE FOR CARRYING
INVENTION [0025] 20 As has been described above, a
water-s‘éMble Dhrekprerubsamte Idridiftsion fongseifh ddreerf pontisdpown in
Fil@t has been conventionally used undergoes a significant influence of
{gg@!e% ]environments such as humidity on

FIG. 4 is a diagram showing the relationship between
the number of times of continuous printing and the viscosity

of paste in Example 3 and Comparative Example 3.

BEST MODE FOR CARRYING OUT THE INVENTIOCN

[0025]

As has been described above, a water-soluble
phosphorus paste for diffusion for use in screen printing
that has been conventionally used undergoes a significant
influence of ambient environments such as humidity on
viscosity and does not permit easy control of viscosity to a
desired viscosity. Therefore, the paste is poor in stability
of continuous printing, and the attendant non-uniformity of
printing has hampered fabrication of precise semiconductor
devices. In addition, the water-soluble phosphorus paste for
diffugsion according to the pricor art has had the problem that,
since water is contained therein, the paste undergoes
thickening due to dehumidification as continucus printing is
repeated, so that clogging of screen meshes occurs in early
stage. Such clogging of meshes increases defects in the
printed pattern and makes printing impossible. Therefore, it
is necessary to frequently clean up the water-scluble
phosphorus paste for diffusion that has clogged the meshes of

the screen printing plate. For the clean-up. however, a

-11-
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viscosity and does not permit easy control of viscosity to a 25 desired
viscosity. Therefore, the paste is poor in stability of continuous printing,
and the attendant non-uniformity of printing has hampered fabrication of
precise semiconductor devices. In addition, the water-soluble phosphorus
paste for diffusion according to the prior art has had the problem that, 30
céipen wated ismohdaified thbresp tiapase tidergeds thiskéningalushtosphorus
peghemidificaiionasGUHinERHS pﬂ&ﬁngcﬁﬂ&@%@@é 5@ thal £099iNG @hicing a
L screen meshecs Qgeurs |r]ﬁeariy stag:e Sllll(lh og%lng of meshflliln rea es
gefeetsinthe prlnteg pattern and makes printing |mp055| feretdre S
BB IS ABFEIEPy M fledQaiRESCIERS upTREYFEéeBoNbRL Bhosphorus
[ pagteifor diffusion that has clogged the meshes of the screen printing

plate. iy e QlEAned. oW Chifl o Lo CUANING L L0 diBRaglating

the water-soluble phosphorus paste for ffusion that
1p¥ed troaulifg s %ﬁ@%ﬁﬁ?ﬁmﬁquoﬁ%ﬁcﬁﬁﬁfﬂé&@thﬁhmr
s budiierson Erwirdnmentand leversithepiodudtion yieldhb {026 r largely

l@f}i‘%{x}Q&&W@r@eﬁ%ﬁme@§ HERISSERt LENARSJNRAS LRMNESLy can be

res arch%s result of their studies, the inventors have found out a
p?ecﬁnlcﬁ'be fo"ﬁ%ﬁ%e@ ApBvihg BRI BErBrthes Br&dftinublis $rhtRG
PEAR b pérformpddwithardiagleastieed printad plasd,dn scrépegimitegl Ly .
tekaphesphers pasie for slifusiomSpecificallyy the invugniers Hayefernd

opHLIALRCUSIng A0 glganic Bhasphars compoupd a3 doangagent fo
an organic phosphorus pastefor glffﬁglon instead Of U using a
PJ&SﬁPé’r?tﬁ%%l Rafdresofidle PhoSPRARR pastd $erAifdsivs thdt B
csusegptibie: t cloggiag -of mnesiies guekpihickenings sitis passikie fFusion

rhgalizea 99\5%@519§Bﬁ%ru§ooaéi%ﬁfglﬂgfugm@egg%n Rgdise f%i%fﬁgﬂmg,

Erlntlng that can be easily controlléd to a desired viscosity Wlt

ndBrding ?Bje‘?‘\v?'anrﬁ%ﬁﬂaﬁﬂ‘lﬁn‘%@%‘?%nﬁ’&@ﬁmﬂﬁaﬁyﬁs\ﬁ&&?@
dahfuthiaeis skeetlentin debitityest cortinaous erintng./Baises, that can be

easily controlled to a desired viscosity without undergoing

Ch

environmental influence of ambient humidity on viscosity, and
that is excellent in stability of continuous printing. Based
on the finding, the present invention has been completed.
[0027]

Now, embodiments of the present invention will be
specifically described below, but the invention is not
limited to the embodiments.

First, an embodiment of an organic phosphorus paste for
diffusion according to the present invention will be described.
A phosphorus paste for diffusion according to the
invention 1s a phosphorus paste for diffusion that is used in

applying a phosphorus paste for diffusion to a substrate by
screen printing to form a diffusion layer on a substrate.

The phosphorus paste for diffusion includes at least a doping
agent containing a phosphorus as a dopant for the diffusion
layer, a thixotreopic agent containing an organic binder, and

a solid matter, and an organic sclvent.
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on the finding, the present invention has been completed. [00271 Now,

embodiments of the present invention will be 25 specifically described

below, but the invention is not limited to the embodiments. First, an

embodiment of an organic phosphorus paste for diffusion according to the

present invention will be described. A phosphorus paste for diffusion

accordifG i e d@nvention iaphpsprems parve foriditfusidirenatdeing
adgatkincapplyingia phpsiniLs pastestor diffusiomio a subsieatiysphorus
pREEN PHAURG I{pn.A dffbeign lavecgd @ bstiafe, The pRosphors

paste for diffusion includes at least a doping gentpconxialnlng a

orus as a dopant for the diffusion 35 layer, a thixotropic agent

containifiguan, orgaaibindeh ands ajsolidanditar, and ansarganicrsotvent. used

111 2Ravlienlagy g presentdiventipn. the doning ;206 SOBAIING paste

hosphorus as a dopant in the phosphorus paste for diffusion is an
b@#@a ft Sckpho 8&%88%55[ T8 TR TR Bhodpriotud pastkPrbe to
rgifflsion thambesphomustreas pantivy isindtfawater-ohaldle phesphorius
uﬁﬁﬁﬁgﬁﬁtﬂ{f@;ﬁg@ﬂﬁfp??fﬂi}%i%hﬁ%il@um&&%yd%ﬁ p;gssfsl(i,lzie ieyrealize
osphorus paste for diffusion that does not undergo influepce of . :
bR iy o visi5si. 0 TRerR i 2 MBS Spanko T diEtusion
AFROShERGs pastElier BFESRMt adeoraiHgLRthéprasest ifventoprs Lisedus
stor€entinudlist Saeeniprintinge it 4 eaguradabateven innthercaseawre@izre a
dgmeéd%taeg@@}ﬁh%_9'ffyﬁ@n&%%%éfb&b'ﬂ%%ga!ﬁsma 3%%9}09:9 e pattern,
meshes in a screen printing plate is unlikely to’1s occur and the num _er%‘{El
@ Bf LoRindttdsithtihg Fosibiesh BistbEtaR Witk ksiddle piihiikgly to
oplate cam e tawgehunimsreasdd, simeesthefpaste isirestramnegolfioming possible
othickeningsqdue, de rgpetiion @i‘%@ﬁﬂ@uﬁﬁn@@ﬁ!ﬂ HeHdeL SN 1argely
.clo%gli? 9{ screen me Ees is unlikely to occur, the 20 pho%Phorus aste
Hordi us?orfthsajt];llscgpp 1ed
to repetition of continuous printing. Besgides, since

&%ﬁ%ﬁels restrained from thickening due

clogging of screen meshes is unlikely to occur, the
phosphorus paste for diffusion that is applied onto the
substrate has fewer defects as compared with a desired
diffusion layer pattern.

Further, due to the considerable improvement in the
number of times of continucus printing possible, the number
of times of cleaning necessary for the screen printing plate
is reduced, leading to an enhanced yield and a reduced cost
in production of devices.

[0029]

In addition, since the phosphorus paste for diffusion
includes a thixotropic agent containing an organic binder and
a solid matter, the thixotropic propexrty of the phosphorous
paste for diffusion can be easily controlled. Such a
phosphorus paste for diffusion controlled in thixotropic
property can be restrained from blurring from a desired
pattern at the time of printing.

Especially, due to the organic binder contained

therein, the phosphorus paste for diffusion can favorably
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substrate has fewer defects as compared with a desired diffusion layer
pattern. Further, due to the considerable improvement in the number of
times of continuous printing possible, the number 25 of times of cleaning
necessary for the screen printing plate is reduced, leading to an enhanced
yield and a reduced cost in production of devices. [0029] In addition,
painge the phasphsrad paprnibr diffusfore 30dnekdesaithixbtropizlagent

BERAIABING anorgdNieRindes Bnd Asetidmalialt e baotapicRROPeEy Of
r‘ehﬁ?u% q3phorQus, gﬁ%te. }9_{ é'fi‘i%les's%” o Bg gastly. controlled, Sych
phosphorus paste for diffusion controlled in thixo rgplc property'can be
CRaskaf e PEM WG 1A T SR el ki REEtas” pRHdHtdTfie W BEpikifgphorus
pEspecigly, diefodlea orgarda binster costaiaed 1heredn the phesphsrus

rBgateen dffusion cafeuibly 13,035 f119ugh faesh openings of a

screen priniing plate. Besides, due to the solid matter contained therein,
[ dduction in film thickness through drying and the contraction through

baking ‘@fter purgayicf theqéwisphomiscepasterfdr diffusiohteaniipeth ties
aépsilycangiled by regulatingsthe contentnfihe solid matterJP030k e i on

organic p osph%usac%rcr)l ougd coggtfgtlng th(?} d%;@]%ng‘fager}:t in the .y
pjééragaer}Fc?p gs’phorus pastec}]gr Eifflﬁsion, 9 pPe & f SaMoigmér e/ o @
mARPIRG A Pesphatd g upeaiidior & nidiwoiabaderiaiivehavidg apecific
ephfgnhate graife: Anspeeils axaple ok thehewreaes hewingAa is acid

hosph is acid .ph xyethyl methacrylate. This ensures that

p%ﬁ%%@ho%%f%%g%'f rr%?ckpacplsgmggey.

phor i hosphate group 15 serves as a dopant source for the

diffusioRtdyereRS #& mbRGrhePRAFRE A pAdspHite BRAFPRAIBI tHePuP
s onomers dariviativernavirgia phosphatelgrodp fihoseé avhidlagrer. As the

n&ABIS CAY, 2¢@11abIe 308 heuseds Thu5, 63, 8vailabdithonomer
derivative having a phosphate group, those which are
commerclially available can be used. Thus, easy avallability
of material is secured.
[0031]

Specific examples of the organic phosphorus compound

include the following commercially available compounds.

(A) CH,=C(CH,)COO{C,H,0},P=0(0H),
n = 1 {acid phosphooxyethyl methacrylate)

Uni Chemical Co., Ltd.; Phosmer M, Nippon Kayaku Co., Ltd.;
KAYAMER PM-1, Kyoeisha Chemical Co., Ltd.; LIGHT-ESTER P-M,
Shin-~Nakamura Chemical Co., Ltd.; NK Estexr SA

n =2

Uni Chemical Co., Ltd.; Phosmer PE2

n = 4 to 5 (acid phosphooxypolyoxyethylene glycol

monomethacrylate)

Uni Chemical Co., Ltd.; Phosmer PE
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of material is secured. 20 [00311 Specific examples of the organic
phosphorus compound include the following commercially available
compounds. (A) CH2=C(CH3)000(CZH40)"P=0(0OH), 25 n =1 (acid
phosphooxyethyl methacrylate) Uni Chemical Co., Ltd.; Phosmer M,
Nippon Kayaku Co., Ltd.; KAYAMER PM-1, Kyoeisha Chemical Co., Ltd.;
LIGHT-ESTER P-M, 30 Shin-Nakamura Chemical Co., Ltd.; NK Ester SA
n = 2 Uni Chemical Co., Ltd.; Phosmer PE2 35n =4to 5 (acid

Uphospimexypdlyaxyethylede glyrieb sneaomethacrylate) Uni Chemical Co.,
Ltd.; Phosmer PE -14 n = 8 Uni Chemical Co., Ltd.; Phosmer PE8 5 (B)

[CHZ:Q@j-II)CQ@@Q@I(,@)@BIW@M))% ]l\/b'»ggr(ebgf)nm= 1, m=landn=
1, m=2 Daihachi Chemical Industry Co., [td.; MR-200"10 ©
CH2=CHCQO€2d£0) P=O(OH)2=nE a1idd Wni=ChemicatCpo., Ltd.;
Phosmer A, Kyoeisha Chemical Co., Ltd.; LIGHT-ESTER P-A (D)

DECHHe=BH COHRE32+ O) nhas@@HEe M 20 Mixturemf pepl, m =1 and n
=1, m =2 Daihachi Chemical Industry Co., Ltd.; AR-200 (E) CH2=C

(CH3) GRY (C2HAQrREEH(@G:HS) 225w L Daihachi Chemical
Industry Co., Ltd.: MR-204 30’(F) CH2=CHCO0(C2H40) P=0(OC4H9)2

n=1 n = 1

Uni Chemical Co., Ltd.; Phosmer A, Xyoeisha Chemical Co.,
Ltd.; LIGHT-ESTER P-A

(D) [ CH,=CHCOO(C,H,0),1,P=0(0H),_,

Mixture of n = 1, m=1 and n = 1, m = 2
Daihachi Chemical Industry Co., Ltd.: AR-200

(E})  CH,=C(CH,)CO0{C,H,0) P=0(OC,H,),

n = 1
Daihachi Chemical Industry Co., Ltd.; MR-204

(F)  CH,=CHCOO(C,H,0).P=0(0C,H,),

n =1
Daihachi Chemical Industry Co., Ltd.; AR-204

(G)  CH,=C(CH,)COO(C,H,0) P=0(0C,H,,),

n =1
Daijhachi Chemical Industry Co., Ltd.; MR-208

(H)  CH,=CHCOO(C,H,0),P=0(0C.H,,),

n =1

Daihachi Chemical Industry Co., Ltd.; AR-208
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Daihachi Chemical Industry Co., Ltd.; AR-204 35 (G) CH2=C (CHI) COO
(C2H,0),P=0 (OC,H,,) 2 n =1 40 Daihachi Chemical Industry Co., Ltd.;
MR-208 (H) CH2=CHCOO(C2H40) P=O(OC8H17)2 n =1 45 Daihachi
Chemical Industry Co., Ltd.; AR-208 -15 (I) CHZ=C(CH,)COO(CZH,0O)
P=0O(OH)(ONH3C,H40H) n =15 Uni Chemical Co., Ltd; Phosmer MH (J)
CH2=C{(&},) COHCLHEB)IC20(OH).0) ,F=0(OH) (ONH,C,H,0H)
(ONH(CH,)Z2C2H4000C(CH3)=CH2) n =1 10 Uni Chemical Co., Ltd.;
Phosmé&r 5I\/fL(K) CH2=C(CH3)000(C2H,0) P=0 (OH)

UfQNEICAKE)L C2HPOCREACHB)ZCH2). 10 = 1 Uni Chemical Co., Ltd.;
Phosmer DE (L) CH2=CHCOO(C2H40),P=0(0-ph), (ph: benzene ring)

20 n = 1 Dajhachi.Chemijcal try Co. - AR- (M) _
CHQQ(%)“?:%S%CE@L%)&%@@%%% ?%ﬁ?%@?z ne3jr‘?‘é§MhO§‘1C (CH,)=CH,)
Daihachi Ghemical Industry Co., Ltd.; MR-260 30 (N) [CH2=CHCOO
(C2H,0)"] 2P=0 (OC,H9) n =1 35 Daihachi Chemical Industry Co.,

Uptd. CRSrAA D) [CH2=C({CH3)0D¢E2EIH )M 2P=0O(0OH) n=1 40
Daihachi Chemical Industry Co., Ltd.; MR-200, Nippon Kayaku Co., Ltd.;
KAYRMEREM: 2cNip oo Kayaku Ge:0k ok )KAMAMER, ) ,C,H,0COC (CH, ) =CH, )

n = 1

Uni Chemical Co., Ltd.:; Phosmer DE
(L) CH,=CHCOO(C,H,0) P=0(0-ph), ({(ph: benzene ring)
n = 1

Daihachi Chemical Industry Co., Ltd.; AR-260
(M) CH,=C(CH,)CO0(C,H,0) P=0(0-ph), (ph: benzene ring)
n = 1

Daihachi Chemical Industry Co., Ltd.; MR-260
(N) [CH,=CHCOO(C,H,0},1,P=0(0C,H,)
n = 1

Daihachi Chemical Industry Co., Ltd.: PS-A4
(0O) [CH,=C(CH,)COO(C,H,0),1,P=0(0H)
n =1

Daihachi Chemical Industry Co., Ltd.; MR-200, Nippon Kayaku
Co., Ltd.; KAYAMER PM-2, Nippon Kayaku Co., Ltd.: KAYAMER
PM-21

(P) [ CH,=CHCOO(C,H,0),1,P=0

Osaka Organic Chemical Industry Ltd.; Viscoat 3PA
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PM-21 45 (P) [CH2=CHCOO(C2H40)n]3P=0 n =1 Osaka Organic
Chemical Industry Ltd.; Viscoat 3PA -16 [0032] Like general acrylic
monomers, these organic phosphorus compounds can be synthesized by
a dehydration reaction or ester exchange between acrylic acid or 5
methacrylic acid and a phosphoric acid compound. Besides, some of the
[6@anic phosphorus compounds may be used by mixing them in an

arbitrary, §atio. G @ SyRthesisHasis rbroREgaRic RARSAhosEs sapounds

fthehabove formulas are more gifficult tghsgnthes%ellfas ure ﬁgo%ltjcts_as
PheRumbern T8 TRNEARE &fthe e%hﬁgrnie Oxitie"Chai -‘r’enggtﬁ1 fgration
Tt increassst Speelfichanmsples ordeavalas ol ise agibern
mEhelerSy 1li 2, abeut 45 2RI Hie Pt Ydohmpheitd 4, aifdes,

abaut a 5 hi e _non-limitative. 15 Other organic

S e O R NG e R, e e
maEd&shortieBodite 2 0GEH TSGRy aRft fRosplBiug cBpdumeiias fesis. the
odgping@gentisphsed in apmproint such thaidheawontent ofphospheiiis imore

a4@ £lesirahly 3o M% by weight, more, desirably 4. 10. 7% by ywieightype - 1,

ased on the total weight of the paste. The reason why such a range is

b
1g&difdbrd Yés fifthhb Yoot Bt dtddsitha iRethfit Eibctidie e formula
igecgedethat theeskhicpossibiifest lowetihg irvedmeersibntéficienoyp@s n
1atthesolay cell, that theses ligledgweringrp sheet {esigtanggohithe; to o9,
aldW;goncentrguion diffusion jayer dig to ou da{g‘é%' n..gnd that there Is no
possibility ofa[owerlng In conversion éfficiency together with owering
ngRor-ERédt Edirént due to an increase in the number of 30 levels. [0034]

Other organic phosphorus compounds than the
above-mentioned can also be used as phosphorus source.
[0033]

The oxrganic phosphorus compound as the doping agent is
used in an amount such that the content of phosphorus is
desirably 3 to 10% by weight, more desirably 4 to 7% by
weilght, based on the total weight of the paste.

The reason why such a range is desirable lies in that
good ohmic contact with a metallic electrode is secured, that
there is no possibility of lowering in conversion efficiency
of the solar cell, that there is little lowering in sheet
resistance of the low-concentration diffusion laver due to
out diffusion, and that there is no possibility of lowering
in conversion efficliency together with lowering in
short-circuit current due to an increase in the number of
levels.

[0034]

The solid matter constituting the thixotropic agent in
this embodiment l1lg not particularly limited, but preferably
is particulate sillica. With the solid matter being
particulate silica, it is easy to restrain the reduction in
film thickness through drying and the contraction through

baking, after printing of the paste.
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The solid matter constituting the thixotropic agent in this embodiment is

not particularly limited, but preferably is particulate silica. With the solid

matter being 35 particulate silica, it is easy to restrain the reduction in film
thickness through drying and the contraction through baking, after printing

of the paste. -17 The particulate silica as the solid matter in the thixotropic
agent isTéésidBLdsatlintan §hbbneohs t61S padd Bywwdiglkibasedtdre
tHAG:patts Py weightf the mw@mgzpagt@éomiffaﬁioaméda@dgﬁi%l to 15

p@@%&”{%}?#&%é@%& lbda@é el pastet|s dD ££33I¥ nof les Ies tjcwgn 10%

by weig es It p055| le tor fram th onin

DRRRRRSS WA rRRP Gy rranti e &itFaction through baking, after
printing of tlhelfastedar, ditfusionoandhia obfainisel Gphaspheitis glassn the

I%@%h@gng@ég%tﬂpk&g%s 113%5&11% %9%”'&9};) %%%Jg‘i?{‘s“t%ﬁ%”}ﬁakes

thlxotrsb%c agent in this embodiment is desirably used in an amount of

WRight BAS&d Bn 180 6y Welghidr tHe- 15 b‘iﬁb‘%ﬁﬁ&ﬁ%
thastadbr diffisiog. Thi€ Miskestitpdssibleiton obtaiwagihosphans,. pastéer
pf@m'tf&t@orb@amas@a'&&@efw§0@§;ts/f@{waﬁteri§ﬂ<af0&prm@ain a

urther rmore, t e of polymerization.of the o c binder is
geg 550 ?o 6'% im?grelg")prhé era%ﬁ/ 2’0(} Yo §(§{)l éﬁ%pecmc

{Qﬁaﬁﬁéles of the organic binder include linear organic polymers having a
film forming pmgaﬁ;l:(:th'ﬁitﬁHﬁr"fklmﬁémmﬂﬁgeﬁhdﬂﬁﬁm&@tﬁi‘@pﬁﬁyagent

18f 2 £ompauRd 49 2. derm & wuform fl @ gt%&h%ﬁomleogn% '%9'389"’?% 20

in a solvent and is then dried). Exam e linear organic polymers

PREIREP %o%mﬁcé’ﬁ%@%c%c]r@glnEE(EBEIaEﬁQIlFI%%&%tarﬁ théifsalts,
phosbolynserismsticopbdymrsfafusdooxyethjlis makes it possible to

obtain a phosphorus paste for diffusion that has suitable
viscosity characteristic for printing.

Furthermore, the degree of polymerization of the
organic binder is desirably 200 to 2000, more preferably 400
to 800.

[0036]

Specific examples of the organic binder include linear
organic polymers having a film forming property (the term
"film forming property" means a property of a compound to
form a uniform f£film when the compound is dissolved in a
solvent and is then dried).

Examples of the linear organic polymers include
polyvinyl acetate, acrylic resins (polyacrylic acids and
their salts, homopolymer and copolymers of hydroxyethyl
acrylate, homopolymer and copolymers of hydroxypropyl
acrylate, homopolymer and copolymers of hydroxybutyl
acrylate), polyvinyl acetal resins (polyvinyl acetate or
hydrelyzed polyvinyl acetate with a hydrolyzaticon degree of
not less than 60% by weight, preferably not less than B0% by
weight, polyvinyl formal, pelyvinyl butyral. polyvinyl
alcohol}), polyurethane resin, polyurea resin, polyimide

resins, polvamide resins, epoxy resin, methacrylic resins
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30 acrylate, homopolymer and copolymers of hydroxypropyl acrylate,
homopolymer and copolymers of hydroxybutyl acrylate), polyvinyl acetal
resins (polyvinyl acetate or hydrolyzed polyvinyl acetate with a
hydrolyzation degree of not less than 60% by weight, preferably not less
than 80% by 35 weight, polyvinyl formal, polyvinyl butyral, polyvinyl
( alodlyoly, ipaiyurethamearesits patydired edsin spdlyimida oesins ] pokyanide
c RELYY IﬁSIwa@meﬁ%@ﬁséwﬂﬁépob{m%%%clfyhfe%ugﬁ&nQJBSt[ymers
%algs, omnggo%r%ir and co§ol mers of hydroxymethacrylate,
Fomd BN REF Hht cIbolyH g)?‘ﬁ?drbxggﬂﬁ%lsﬁ%?ﬁéﬁylﬁ%s} Boly BYYEHEK
Presivh hovok&ks phenolRorEsist polyestsiiresing yoyitedticorubbebs hd &nd

nBatur TURDes{guM Alakiar 483341 The organic binders may be used
Egi ingly or in mixture of two or more of them. It is to be noted here,

however, that the organic binders should be compatible with 10 the _
organic it spRBAIS CorRpEGHTT anddie Bfyatiedoivéit:qposérghe or in
mthixoitopioagemnidn diisremeodithetih isxdesirably sa eombinationeaf aidaast

neRe selected,frem.among particulate Jlica used as $ofid matter and e s ¢y

organic binder. This 15 ensures a high ratio between the paste viscosity at
e e 8 Ge RIETHP 8 A RigHP IR R bt R e Pt csahV el t -

[ tHe3tthhe of generation of a low shear stress. [00391 Particularly, the
organicihipderin.this.ephediment is 20 rigferablRalyiviay acetatge Lhisan 1y
s ey Bl OB s uare

S igEmic BimBer &S psRAiky| Bédther pohdifflacerdensidediiarhptsedThis
efBuz28MOUNi ghSta B0&6 by weight basedens1@0%ikweighi ohthethe time
oB A R 0 R PAES LI 18 AP sy
at the time of generation of a low shear stress,

{00391

Particularly, the organic binder in this embodiment is
preferably polyvinvl acetate. This is because polyvinyl
acetate permits easy control of its property of passing
through mesh openings.

In addition, in the case where the organic binder is
polyvinyl acetate, polyvinyl acetate is desirably used in an
amount of 5 to 30% by weight based on 100% by weight of the
phosphorus paste for diffusion. This makes it possible to
obtain a paste which has good property of passing through the
screen mesh openings, which shows restrained blurring of a
printed pattern, and which has good leveling property.

[0040]

The organic solvent in this embodiment is desirably
used in an amount of 30 to 60 parts by weight per 100 parts
by weight of the phosphorus paste for diffusion. Besides,
the organic solvent is preferably a high-boiling solvent
having a boiling point of not less than 100°C. Where the
organic solvent contained in the phosphorus paste for
diffusion is a high-boiling solvent having a boiling point of
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screen mesh openings, which shows restrained blurring of a printed

pattern, and which has good leveling property. 30 [00401 The organic

solvent in this embodiment is desirably used in an amount of 30 to 60

parts by weight per 100 parts by weight of the phosphorus paste for

diffusion. Besides, the organic solvent is preferably a high-boiling solvent
ng% haging atbailind PBINE of Moilletd i 100Q. Wherbehes Gryenit is
rwveralqe@aain% intherphospheruspastedoe ok}faisig&m high-BeiNR® s ition

r%; gbavgq_gea bmhggé%omt of -19 noE less than C votatlllzat?f_)n of
e solv

ntis restralne at ?here IS ?l%e varla |on n composition of

the pasPé}%ha%f&ﬁéhYmuﬁa%ﬁ%@é@rf@}m%t@mawlméfﬁab@he
ospeaificexamples of hebwodgarmesolvient inctyde EPMfisoltyicsacigy -2, 2, 4 -

£ 34 WEERY T %é:{%ﬂms@cy ntykﬁ&@a leLJ'CQ 'ﬁfg!ﬂgacl;)fimg,sog%efvent

Howevef, the compounds which can be used as high-boiling solvent are

not limit&sdE YRS exaifplE TR 4D #RdiiPIeSadt tRE udghe fvent
hinghudecdliphatic sedvecdrbansohents, igailiital sbiverits, celiosoipd e .

[g@lyents, higher fatty acid ester solvents, higher alcohol solvents, higher

fatty ac solv nts, a omatlc drocar on solvents. Among, these

solventgz’{hquﬁa para? cef a'fpﬁlatlc 15 (ﬁy‘drreon%r%’ﬁ igﬁgnélgjrghatlc
hﬁ@@fﬁ%ﬁb@%o@%ﬁ@w%‘f littlea sl theréefl Frafflesofithespiphatisolvents,
hlilg(ﬂf@ﬁalﬂmtltgﬂhé&ﬂi&i@élﬂ&: "R Sobens’, predysed by 1dNESU Kesaant s,

d. Q' ql is gistered trad "Shellsol

hg%é‘f fa %1? !3]% cé?p%lsﬁ 31{8 3 %gag gﬁ%ﬁ% car% solvents.

70 an sol 71" produce emica
ARQB HbeS?scfp%JrY,enq%op&ﬂﬁm'%@%ﬁﬁf%b@&m alEBakheo,"
hfeomt 800 Exxaia b@, " dErxql B30 (baging spdnt 2 79iewl6f)little
odeXol PAAQY fboiling point' 280 to 320C) "Exxol DCS100/140" produced

by Exx%n |V|Ob|| Cor 25s
xamples f t e allphatlc hydrocarbon solvents include

"IP Solvent" produced by Idemitsu Kosan Co., Ltd., "Shellsol
D40" (Shellsol is a registered trademark), "Shellscl D70,"
"Shellsol 70" and "Shellsol 71" produced by Shell Chemical
Japan Ltd., "Isopar G," "Isopar H," "Isopar L," "Isopar M,"
“Exxol D40," "Exxol D80," "Exxol D100," "Exxol D130" (boiling
point: 279 to 316°C), "Exxol D140" (boiling point: 280 to
320°C), "Exxol DCS100/140" produced by Exxon Mobil Corp. and
SO on.

[o042]

In addition, examples of the carbitol solvents include
methyl carbitol, ethyl carbitol, butyl carbiteol, etc., and
examples of the cellosolve solvents include ethyl cellosolve,
isocamyl cellosolve, hexyl cellosolve, etc. Besides, examples
of the higher fatty acid ester solvents include dioctyl
phthalate, isobutyl dibutylsuccinate, isobutyl adipate ester,
dibutyl sebacate, di-2-ethylhexyl sebacate, etc., and
examples of the higher alcohol solvents include methylhexanol,
oleyl alcohol, trimethyihexanol, trimethylbutanol,
tetramethyinonanocl, Z-pentylnonancl, 2-nonvinonanol,
Z2-hexyldecanol, etc. In addition, examples of the higher
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[0042] In addition, examples of the carbitol solvents include methyl

carbitol, ethyl carbitol, butyl carbitol, etc., and examples of the cellosolve

solvents include ethyl cellosolve, 30 isoamyl cellosolve, hexyl cellosolve,

etc. Besides, examples of the higher fatty acid ester solvents include

dioctyl phthalate, isobutyl dibutylsuccinate, isobutyl adipate ester, dibutyl
fadiat A€ - 2sethyiekg| debsabade ctepandiexanpks o tied higheexanoic
aalgahobsm\ieﬂtadfmdeewthylawrmaﬁal @l@lyl ah:tohlﬁb trém@maih@cxalnol,

0 th entylnonanal, 2 ano
Q%@g%}{‘olégﬁgyﬁﬂ dl%lgﬁfe&‘)?agmé% in%he ﬁlgrher %I/%l am&nzene

d%é’i@@r%%]rﬁ&ﬂ&é’%ﬁprﬁé%‘éﬂi’@@ﬁﬁ%@&%ﬁﬁ@%&ﬂ oR¥c€acid, etc., and
[éxarBples of the aromatic hydrocarbon solvents include butylbenzene

diethylbgnzens, 91%@"9%%% dgaqr&r&w@aﬁgywaa%n%s%a %Lﬁ%ﬂ they

Thou%h these or anic solvents may be used singly, they can be used

“8Bprd rlgﬁeegorﬁ m%ﬁgﬁé’?&?lc%ﬁro%?mgﬁﬁ%rﬁr%? oFB%EE&‘]blﬁ‘tf/ in
Vigiggoritay paftivufate bilied ubbeipas thebsclittrpatier aed.socthenl torganic

p@h’?ff—‘&rﬁ%‘ﬁ@' g&wgaiabi{j%a ra@ti@ﬂﬁo %K%Uﬁgt?@f@na‘?%dﬁ% the
substrate, and.so on,_In rganic S us paste for diffusion in this

O EMboc dlmerllt%t IS pref)erat])flegogﬁ%sqe"{ggg %h %é) vamy ; ttét% whicH:
t@‘ﬁ%é’@%s?tﬁéb?g’dm@ﬁﬁﬁfé@}aﬁdlﬁﬁ*é’éﬁé‘resol\itfrﬁ competible TI5 the
oth;aiew&hp[ﬁséﬁhmelgrqam&phasnhomsmgmﬁ@rﬂzﬁfuﬂﬁmir@hi@odlment it
1EMpodieRt/may Lythardneude o algyde, The 1Sl alk@I9Gn  cn 1

serves as a linker for linking bétween the 20 organic p osp orus
UG pBENG R 8 5EARE UoPITf Sdent3HY PRNRIAE SARAVRRY Lomeatible
thelitwiatier, and is effective in accelerating the sintering of the
[ ®p@gnphorus component with silica during the diffusion heat treatment.

Theﬁ#%ﬁé organic phosphorus paste for diffusion in this
embodiment may further include & silicon alkoxide. The
silicon alkoxide serves as a linker for linking between the
organic phosphorus compound used as the doping agent and
particulate silica used as the solid matter, and is effective
in accelerating the sintering of the phosphorus component
with silica during the diffusion heat treatment. Therefore,
the silicon alkoxide functions further to prevent outward
diffusion of phosphorus. Besides, the silicon alkoxide is
preferable in view of low material cost and easy availability.
f0045]

The silicon alkoxide is desirably used in an amount of
1 to 20 parts by weight in 100 parts by weight of the
phosphorus paste for diffusion. Besides, as the silicon
alkoxide, such silicon alkoxide compounds as Si{OCH,},,
Si(OC,H,),, Si(OC,H,),, and Si(OC/H,), are preferably used in
view of their low material cost and easy availability.
[0046]

Further, the organic phosphorus paste for diffusion in
this embodiment, desirably, has a viscosity of 30 to 100 Pa‘s
when the shear rate of the paste is 20 s at 25°C. This

-21-



10

15

20

25

30

35

the silicon alkoxide functions further to prevent outward 25 diffusion of
phosphorus. Besides, the silicon alkoxide is preferable in view of low
material cost and easy availability. [0045] The silicon alkoxide is desirably
used in an amount of 1 to 20 parts by weight in 100 parts by weight of the
30 phosphorus paste for diffusion. Besides, as the silicon alkoxide, such
esitioarealkokmle coimumundseaPBKOC HI)beBi(QC2HB) 4 18 (QATHBE 794

oRAd SUOCAHY4 areygierablydisedip dewsaf thel low mateial£oskaltdreen

e%?%/ avallapt%ltyc.hg)0465§5 Furthleé, the organic IYghos horus paste for ‘
TGO’ in this embgﬁllmeentf‘raélsirabrhc/’,'[‘hascél3 WYisc58iR of 30 16506 P ©
fehehnse Shaarrbigef thbdagie 26 sren o0y Mhislix. egsiftes e ring
Feivee dFe pasie iscosity at the timeofbgeasraten @43 high sbearisieess
[' dg\yg clogging of screen meshes with the paste would not occur even in

the case of forming thin-line wiring by screen printing, and a wiring 5 free

of suchldeféGd bk brEBRads Eaf bEGIIREAY [G4ATN 2dbftiBnS hRar
spastesisaosity tindesadanr shaae siesshvehareifie shear raté of shelpastrably

tif? Bl I Arsirably. wa fp.fiye imesghe paste yseomy,undenasiealate of

rate of 10 20 s-1 at 25C. Thi$ ensures that clogging of screen mesh

28p&ningE with the paSte fotiPREES e abufiiPSrE batters thARuAES
oppon paating tan begepainedwand thershapewin.highwontedtratiors
pdiffusian I@mgfe%@ia%iryam%ameg.-ﬂ%&%ﬁ@] DI, 3 E@Qﬁ@@l@{a@{ tfaf&d the

racess for producing a_solar ce|l usin rganic phosphorus paste for
B Aoy G S S0 8 ot Bt SRSt Ay Gl 8 o Libe
mpéRia k8fefring to FIGS. 1 to 3. 20 FIG. 1 is a schematic view of a solar
[ celktoibe produced, and FIG. 2 is a flow chart illustrating the process

Now, an embodiment of the process for producing a
solar cell using the organic phosphorus paste for diffusion
according to the above-described embodiment will be described
below, referring to FIGS. 1 to 3.

FIG. 1 is a schematic view of a solar cell to be
produced, and FIG. 2 is a flow chart illustrating the process
for producing a solar cell using the organic phosphorus paste
for diffusion according to the present invention. Besides,
FIG. 3 shows image illustrations of the flow shown in FIG. 2.

In FIGS. 1 to 3, numeral 1 denotes a substrate, 2 a
high-concentration diffusion layer, 3 a low-concentration
diffusion layer, 4 a passivation film and/or an
antireflective film, 5 a BSF layer, 6 a back-surface
electrode, 7 a light-receiving surface comb-shaped electrode,
8 an organic phosphorus paste for diffusion (for screen
printing), and 9 denotes a diffusion agent (for spin coating).
[0049]

First, a gallium-doped p-type single-crystalline
gilicon substrate 1 ig prepared (see FIG. 3(A)). The silicon
single crystal substrate may be one produced by the
Czochralski (CZ)} method or one produced by the flcating zone
(FZ) method. The resgsistivity of the substrate is preferably,
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for producing a solar cell using the organic phosphorus paste for diffusion
according to the present invention. Besides, FIG. 3 shows image
illustrations of the flow shown in FIG. 2. 25 In FIGS. 1 to 3, numeral 1
denotes a substrate, 2 a high-concentration diffusion layer, 3 a
low-concentration diffusion layer, 4 a passivation film and/or an

fantirefleatpvedimo5n BSFlaye€l, &, baciesurtacea elegtrods, €& 2.0 Q-cm,
light-receiving surface camb-shaped electrode, 30 8 an grganic

oS A2 Tor ATSBR (T Srasn prinkAB) SHY denotes a

L §ifB8ibn agent (for spin coating). [0049] First, a gallium-doped p-type
single-arystalline hsilicorbsuthsitate 1 ispsepared (see Fime2@9a The an-

a%ﬂ%%§5s§jﬁ%|€3%¥13t8%5%@&% dg%gﬂﬁé)r%%ucﬁa&@(f@ea damaged
zochralski (CZ) method or one produced by the floating zone (FZ%
Lo et el Rty of B SGHGVAd i Bré?é‘f%%ﬁs-zg%‘i"ei%p%}%?fr ate
mey2 @€, crarpatidulany Y te21h@,@n, dggrodaciaglaition of a strong

ahighiperiarmansg spk £844 QR5RY At 1he subsliatesl Prenafgddsine
immersed in an ? agueous solutiondofbsodium h%droxide to remove a .
P %a%d cI"';é‘tl)ﬁ/lera'byS 8tc ?ngé%%lr%?novéf of darh 988 PR aRSLSQas ton of
amhayPelca¥ied out by usigtaw aquéohiy dorifiéHor astngd akalibushtric
aas @otassium hydroxide. Besides, the same purpose can also be attained
{Qﬁgfi g an aqueous solution of 10 an acid such as a mixture of
hydrofluoric acid with nitric_acid. [0051] The substrate 1 having .
undergdhE i 85hagé 2tchiRg e HgrHedSmacrantiom ffmaseisetching is
£ hormadlly st solar celhidpuefesattlyyrovided with a rugged shape in its

surfaceyJhgdgasen lesipithat, 43 1qrder to,redkce rpfectance inWisinlg ¢, 5

region, reflection; should be effected twg or more times at the )
TRGRGLCERRRS siftadd: STHIEZEEE cach'St FroREIENd e ghBat - 10

order to reduce reflectance in visible region, reflection
should be effected two or more times at the light-receiving

surface. The size of each of preojecticns in the rugged

pattern may be about 1 to 20 um. Typical examples of the
rugged surface structure include V-grooves and U-grooves.
These can be formed by utilizing a grinder. In addition, a
random rugged structure can be produced by wet etching
through immersion in an aqueous solution prepared by adding
isopropyl alcohol to sodium hydroxide. Alternatively, the
random rugged structure can be formed by acid etching,
reactive ion etching or the like. In FIGS. 1 and 3, texture
structures formed on both surfaces are omitted, since they
are so fine.

[0052]

Next, a two-stage {two-level) emitter composed of a
high-concentration diffusion layer 2 and a low-concentration
diffusicon layer 3 1s formed. The high-~concentration
diffusion layer is formed by printing the above-mentioned
organic phosphorus paste for diffusion 8 by a screen printing
press, followed by baking (see FIG. 3(B)}. The
low-concentration diffusion layer can be formed by spin
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20 pattern may be about 1 to 20 m. Typical examples of the rugged

surface structure include V-grooves and U-grooves. These can be formed

by utilizing a grinder. In addition, a random rugged structure can be

produced by wet etching through immersion in an aqueous solution

prepared by adding 25 isopropyl alcohol to sodium hydroxide.

CREdThAbvEly ShELfkmbem ARt dactsicarche idmedPbyasitiadiohing,

dgﬁpﬁa\g@mﬁm hh@%ﬁdMﬁ&e.AﬂfI@% J‘ll&llﬁaﬁ, @xwgﬁwc@@%@ FIG. 3(C)),
u e t since they_are,sa fin

e e T Lot e cameachnB R B, 08y - suon

AiHGSIBRTLY D BAP S96R-reBRGAtidh hifididd fayeh Bad Hémee P ITHE
cloighzaoncentiatire «ifisiomtales isitmsmet] hytpradingrties of the

13keMe-mealionsd, 35 arganic phosphorspaste fardiffusign 8.by, gcreen
prlntln%g%%%ss, followed by bakmgﬁ%s,ee FIG. 3(B)). The low-concentration

TEiHoE NS et sy SBin £58 %ot SaRfTadR aent R SpRY

Phedtinged eoiitairing dipteosphonu s pEaokidecandasilibensikeide (see
[bl§3.33(C)), followed by a diffusion heat treatment (see FIG. 3(D)). Such a
productz'&%n Rrocess ensures th tw%iletﬁbtainiggé)gmiCE contact, sur{%%e

recombination at other areas of the lig Er&%wmg 2uftace thah'thd

tHRci588 areLand o8 cdmbh RBPCGASIHe e WRdigdr Setlestramed,
hwhrrehyn phatorelectsic conrersianefficignoy candepaharced:dR853k18+ion

adeathe] simbosent.aldng Aaeess,f fUBIG Mg, i-siage emitteris a

process in which both the high-concéntration sion layer and the
low-cortntrafid adiftisioA TayRT BB H5r PP RErER kg, for
dspévifically, fnorganmio phospherlusigaste forcdendiffasibndonfofmingi the layer
1BighzGaneeatration diffusiondayer is printeshin e farm gfa plusality of
pAR§R2LA0t Ratlens N A PIYRe ssmiconductyl subsirale, and thenan an
organic phosphorus paste for diffusion for forming the
low-concentration diffusion layer is printed so as to make
contact with at least a part of the organic phosphorus paste
for diffusion for forming the high-concentration diffusion
layer that has been applied to the semiconductor substrate 1.
Then, the substrate with the two kinds of phosphorus pastes
for diffusion printed thereon is subjected to a heat
treatment.

In this case, the content of phosphorus in the organic
phosphorus paste for diffusion for forming the
high-concentration diffusion layer is preferably not less
than two times the content of phosphorus in the organic
phosphorus paste for diffusion for forming the
low-concentration diffusion laver.

[0054]

By utilizing either one of the above-mentioned methods,
the high-concentration diffusion layer and the
low-concentration diffusion layer can be formed, with a
surface concentration difference secured therebetween. 1In

addition, the heat treatment is required only once for
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organic phosphorus paste for diffusion for forming the low-concentration

diffusion layer is printed so as to make 20 contact with at least a part of

the organic phosphorus paste for diffusion for forming the

high-concentration diffusion layer that has been applied to the

semiconductor substrate 1. Then, the substrate with the two kinds of
foosphoridpadtes -fof diffustanipristed theredmpas sabjettd-teea heam@bce

sbaatmesdiin thiscase, dieceanien! abrRAIIOrS g OFgaNIGery simple
?ho%)horus paste for diffusion for forming the high-concentration diffusion

ayer Is preferably not less than two times the content of phosphorus in
L{HeSstdanic 30 phosphorus paste for diffusion for forming the
low-concentratigmdiffupinn layen 48024] By wiizingeiheueneofihe a plasma

e@%@ﬁweﬁgegﬁ methodsy, the Bp@c%%cen{@ﬂsd@&éf% ¥ Su@g&@@ﬂ@ the

5 low-concentration diffusion | ayer can bé forme race

P&&ﬁc‘*‘e?ﬁ’rsﬁaﬂ fiferBheSBacHEdiRGtRResR. (hhgdditigh tnEafet ving
stredmtentos réquerdoaarly encé fare-24foemegnthédwosstages emifterd sand, in

tt»l:@& aduglrpeiionmaass sphLcell:oan ke ohiained ngivithsianding the

%(smgle process. [0055] 5 Next, junction isolation is carried out using
asma e chlng system. In this process, in order to prevent penetration
f@ﬂélééma or radicals to the light-receiving surface or the back surface,

the sanmiefs@qaéia_qkﬁd anch i@)r[ﬂaapr}e@d%ioma@@ lfageﬁﬁr@f eighefle surface

W Subseguent e pho

lg a%gc%lrer%e% &ﬁ%ﬁ% acgé%rsj? cétc%’ug '5@ by %ngr(%uonc%af(t:% 1[z);md erea?m film

4 a3 Htride it @fc‘c?s BiERHEEE br6tettiv® filh |§%¥é‘ﬁ%§?§@0ﬂ‘ih§%lﬁ’§%ﬁ§m
liyer bywsing aglirec plasota phhanecd:MD sydteIVDA spifable. A suitable

thickness for the nitride film 4 is 70 to 100 nm, since the
nitride £ilm 4 is made to function also as an antireflective
film. Other examples of the antireflective film include an
oxide film, a titanjum dioxide film, a zinc oxide film, a tin
oxide film, etc., which are replaceable. Besides, other
examples of the film forming method include remote plasma
enhanced CVD method, coating method, vacuum evaporation method,
etc. From the viewpoint of economy, it is preferable to form
the nitride film by a plasma enhanced CVD method.

[0057]

Furthermore, when a condition for minimizing the total
refiectance is provided on the above-mentioned antireflective
film, for example, when a film having a refractive index from
1 to 2 such as a magnesium difluoride film is formed on the
antireflective film, a further lowering in reflectance is
attained, and the generated current density igs enhanced.

Next, a paste including aluminum, for example, is
applied to the back surface by using a screen printing press,
followed by drying. Further, using a screen printing press and
a comb-shaped electrode pattern printing plate, an Ag electrode
is printed on the face side, followed by drying. The BSF laver

5 is formed by the firing step after the printing of aluminum.
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thickness for the nitride film 4 is 70 to 100 nm, since the nitride film 4 is
made to function also as an antireflective film. Other examples of the
antireflective film include an oxide film, a titanium dioxide film, a zinc
oxide film, a tin 20 oxide film, etc., which are replaceable. Besides, other
examples of the film forming method include remote plasma enhanced
[GWBBrhethod, coating method, vacuum evaporation method, etc. From

the viewpRpintaf £copomy. Hﬂaﬂejﬂg%ﬂ%ﬁo M%ﬁﬂ%ﬂ%r'%%émﬁygn the

Ia%m enhanced CVD method. 25 [0057] Furthermore, when a condition
SFoF i % it ?&BF?gﬁe&Enf@ls%Q%ﬁ FPtheCaRvelRERtieRe®n the
panmtirefibeive filne foherahple:whenst éInf davihg i refagtive dsdéxefeom

ptie2suchmasA pegngsiwmdifliegde film is formed on the 30
antireﬂeﬁalve fllr'@ a furt rlowerln%m re l_"\iycta;cncg is attai ed arﬁd the

% rﬁ_' aCcCOFL,
generate current ensi Yy IS ernnance ext, a paste |ncIu I umlnum

p@%&ﬁﬁﬁf@%@pbﬁ@&t@ﬁ@ﬂﬂa&sdﬁ&é@uéﬁﬁ@ abﬁﬁgeﬂaﬁﬁtlﬁdec’tmd@ 6
apresshdolibwed- by dsyingnfturthespesing Pesareeaprintiag presswardi 35 dhe

nEQBPEhaped gleciigde patiarn pé'fge@lpéa&gsa_@_é%'@cm 55%%{ igd e

on the face side, followed by drying. T F layer 5 is forme

aﬁﬁﬁ{&sf%%%ﬁfe?l%ﬁéipﬂﬁww&uﬁﬁﬁm@i zﬁqéoesﬁqﬁ%@ 'ca§eVE’rfﬂ&‘ﬁ‘Ib
edaRdigarnéatnteehbini@m, theoontieshapetetdotddens soiprinigkas tan also
bgeé%%gn the part where the phosphorus paste for diffusion has been

5 prlntezg in a ri eq§attern T ereafte]er firing is conducted according to a

predetermlne ofif, Wherebyth I Sk-S A e tbaB S ant Ha” Pe
PRREUSIGE chinbaskalitelleleErcder 1 @ie formed. The method for forming
[Uwe]electrodes is not limited to the 10 above-mentioned printing method,

R ey e e R
nppber of the solar cells as above, the coatlng of the paste
for diffusion 1s applied by printing on the substrates
sequentially and continuously.

The screen printing plate used for continuous printing
in this manner would undergo heavier clogging of the mesh
openings as the number of times of use increases. Where the
organic phosphorus paste for diffusion according to the
present invention as above-described is used, however, the
number of times of continuous printing possible with a single
screen printing plate can be greatly improved, since the
ocrganic phosphorus paste for diffusion has a viscosity
contrellable to a desired viscosity without undergeing
influence of ambient humidity on viscosity and is excellent

in stability of continuous printing.

EXAMPLES
[0060]
Now, the present invention will be specifically
described below showing Examples and Comparative Examples,

but the invention is not limited to the Examples.
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produced by a simple technique. 15 [0059] In a process for simultaneously
producing a large number of the solar cells as above, the coating of the
paste for diffusion is applied by printing on the substrates sequentially
and continuously. 20 The screen printing plate used for continuous
printing in this manner would undergo heavier clogging of the mesh
(Bpempds a3 the number of times of use increases. Where the organic

phpsRbIHs Paste for diffusion accrrdingdtodhe Jpregeptinyention as

above-described is used, however, the 25 number of times of continuous
printing&possibienith gpsingieh sereenparattingfolateddaithe feeatlyas prepared

ol R¥RASIAcathe praanic phgshiarus paste for diffusion has a

viscosity controllable to a desired viscosity without undergoing influence
- obambient Agemdity({ @ uiseasiiynagngisoextetent 30 in stability of

confipyoisRrintingy HEXANMEHES, 19060 ey, he-premant ipyentianmllean ) .
be specifically 35 described below showing Examples and Comparative
Exaﬁ%e@, but the invention is not limited to the Examples. -26 (Example

- LypgpPieparg 'grbo%@é%hp%agﬁstﬁg%gg[:fysion> An organic phosphorus

paste for diffusion was prepared by blending the following materials. 5
Dogiad ageArenddingdphosphcrusiPeasmer M @ini:CAémital) and
Phosmer MH (Uni Chemical): 200 g Thixotropic-agent (solid matter)

" PEREHSE SR (ST Bbol P X B RSP 46 T Phixotropic agent (organic

binder). Polywvirlyl acetaie €pdlymignzatibnadeigree faboetec0@bbad g500) : 100 g
Organic solvent TMP (isobutylic acid 3-hydroxy-2,2,4-trimethylpentyl
* Organic solvent

TMP (iscbutylic acid 3-hydroxy-2,2,4-trimethylpentyl
ester} (boiling point: 244°C): 320 g

[0061]

The viscosity of the organic phosphorus paste for
diffusion of Example 1 prepared as above was measured by a
viscometer (a product by BLOOKFIELD). The viscosity was
about 50 Par's when the shear rate of the paste at 25°C was 20
5!, and about 130 Pa‘s when the shear rate of the paste at
25°C was 2 s7.

[0062]
(Example 2)
{Production of solar cell>

Using the organic phosphorus paste for diffusion
blended in Example 1, a solar cell was produced by the
process as described in the above embodiment of the process
for producing a solar cell.

The substrate prepared in this case was a
gallium-doped p-type single-crystalline silicon substrate

having a crystal face orientation (100), measuring 15.65 cm
sguare and 200 um in thickness, and having an as-sliced

resistivity of 2 Q-cm (dopant concentration 7.2x10*° cm™).
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ester) (boiling point: 244C): 320 g 1s [0061] The viscosity of the organic
phosphorus paste for diffusion of Example 1 prepared as above was
measured by a viscometer (a product by BLOOKFIELD). The viscosity
was about 50 Pas when the shear rate of the paste at 25C was 20 20 s-1,
and about 130 Pas when the shear rate of the paste at 25 C was 2 s-1.
[[0062]1 (Example 2) <Production of solar cell> 25 Using the organic

hosph : far diffusio inE lag cell
prod ci‘égfﬁi??ciﬁfii g SR i arihg®

BIOEESE for HDdhERYSF sOIGFREI. " AR 88%RE8E prepared in this case
was a 30qgadlirn-eopédpatype sidglestystaline siligeanisubstratephaving paste
£ eTystal facs arienfation £h90)e epsyHug dpOn.ed Bguareanhe@o frithting

thickness, and having an as-sliced resistivity of 2 Qcm (dopant
Dasitentratiof REMVASICRAY L27I006T] BEurRas a8 thé nddthed fof 150 um
iferminghedwoctiage einiterdhgdaraer mepns wasadoptesh Mof@e printed
sgfeclicaly st the gragnic pRospharyp pasie. & fordifusion ol . 4
Examples 1 was printed by a screen printing press.lﬁw prlrﬁe pattern
thes eB8impeted of ifdd16£ P50 PHEHT WIRHR FHER vea Blrhget il siehtained
dafph pephbheipripted t pattern wasgi baked af ¢06 ta 8ROLfaefivemiawesied to

+@iad dhgreafier.a diffusion §§%Bt fog seinepatingvhich £opiingd 13, ¢ o¢ s000

dﬁhosphorus gentomde and a silicon alkoxide was applied to the same
oMby Spif TORHAG undef teE cbRGiLSRI Br 5660 Iy ak@gssubstrate
weecanbacafieritheaspie atatingg dhesubstfatenaas placsd med héatined at

geatman furpace.; Was saintained-ak 8§06 fer 40 minutes, aRd daken out
8f tgg]furnace. 15 [00641
[00
The solar cell produced in Example 2 was put to
measurement of sheet resistance at other part than the

diffusion paste printed part formed as the low-concentration

emitter. The sheet resistance was 80 to 100 Q/sg.

In addition, the solar cell was put to measurement of
current-voltage characteristics in a 25°C atmosphere under a
solar simulator {(light intensity: 1 kW/m®, spectrum: AM 1.5
global). The results are shown in Table 1. The values given
in Table 1 are mean values obtained by measurement of the
characteristics for 100 solar cell samples produced.
f0065]

{Example 3)

Further, continuous production of solar cells from a
large volume of substrates was conducted in the steps of
Example 2 using the organic phosphorus paste for diffusion
blended in Example 1.

As a result, in the step of continuously performing
screen printing, printing of the phosphorus paste for
diffusion could be continued up to the number of times of
printing of 30000, which corresponds to the useful life of
the screen printing plate, without a need to clean the screen

printing plate.
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The solar cell produced in Example 2 was put to measurement of sheet
resistance at other part than the diffusion paste printed part formed as the
low-concentration emitter. The sheet resistance was 80 to 100 Q/sq. 20
In addition, the solar cell was put to measurement of current-voltage
characteristics in a 25C atmosphere under a solar simulator (light
fifeesity: 1 kW/m2, spectrum: AM 1.5 global). The results are shown in

(tahlgdrd hevalussmivan ip yable 1 are mean values obtained by
surement of the 25 cig]ar%;é[gristics for 100 solar cell samples

pmrodru%ga.x (ExaPBEB PaHReP ’BAfindSUs SHoabEforP B solar

cells from @alaege vQlumsief sbstates-wassouducted.in fe-steps af s

Example 2 using the grganic phosphorus paste for diffusion blended in
pg)?gr%%% % s g ig’ﬂﬁﬁ%wqth%gstgp%? &ﬂﬁﬁ?&%ﬁeﬁ&ﬁﬁnglg&egn(’f

Devtingn plinBdgetihé phodpheretpasts for difBforocodld deheontihuednd 30
gup o thegaumber of times of 35 printing of 30000, which corresponds to
[@géJﬁFful life of the screen printing plate, without a need to clean the

screen printing plate. -28 [0066] (Comparative Example 1) <Preparation

of phosﬁpﬁﬁugjﬁ'a%fbgﬁo?ﬁifﬂ%iWAmﬁtﬁ%ﬁmbl@Eaﬁoiﬁ?ﬁﬁaé'l%‘é& fepste
faiffusivfifvasi Srprepareships blending 50 gngf phosphersaeidd188 gofove was

mR¥vipylalgohal. 1008 f silica, 290 ﬂﬁ%ﬂ%ﬁ%ﬁiéeﬁ%i@%f- The

0067] The viscosity of the water-soluble phosphorus paste 10

ifGSIN of CHmpataPe EXEniE 1318ParetPad @6vehas iasahemgy rate
of videonmert@ modast’ sy Be®OKFIEL D) aThe aliseosity 0f tiapasteivas the

sabeut 40:Ras wheprhe sheaeraie offhe paste at 25C was 20 s-1, and
{zala%l.ét]loo Pas when the
(Comparative Example 2)

{Production of solar cell)>

For comparison, a solar cell was produced by the same
process as in Example 2, except that the phosphorus paste for
diffusion that had been prepared in Comparative Example 1 was
used to form the high-concentration diffusion laver.

[0069]

The solar cell produced in Comparative Example 2 was
put to measurement of sheet resistance at other part than the
diffusion paste printed part formed as the low-concentration

emitter. The sheet resistance was 80 to 100 {/sq.

Begides, the solar cell wag put to measurement of
current-voltage characteristics in a 25°C atmosphere under a
solar simulator (light intensity: 1 kW/m’, spectrum: AM 1.5
global). The results are shown in Table 1. The values given
in Table 1 are mean values obtained by measurement of the
characteristics for 100 solar cell samples produced.

[0070]
(Comparative Example 3)
Further, continuous production of solar cells from a

large volume of substrates was conducted in the steps of
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shear rate of the paste at 25C was 2 s-1. 15 [ 0068 | (Comparative
Example 2) <Production of solar cell> For comparison, a solar cell was
produced by the same process as in Example 2, except that the
phosphorus paste for 20 diffusion that had been prepared in Comparative
Example 1 was used to form the high-concentration diffusion layer. [0069]

EFhesolar zel pradyceddnGonaparative E@mple 2oMas it faste for

aTASUEMEN! f Shedt IEsiaRGe abatsr PR N the, 25 diffusion paste

printed part formed as the low-concentration emitter. The sheet .

resistarft® Wad 8613 100 /sh Besitier, e SATISNIRNS bt Rerforming
seeasoremmemt of ngurrerdwattage thagdcteristit sne s s atmogphere the
seRdena selarsimylaiartightRtensifye LW me SPREMUMAM 1¥3Qimes of

%'fg%QhTh% eSLtl)tguatrezsg%vn in T(ﬁ]bl 1. The values given in Table 1 are 14
PheAn VAUSE oBt8ined By easiEménttoriii& SHarREERStag P 186° v

ngdlabPeehsgdhplasairodided 00 2@ar@dmparative Example 3) 35 Further,

{ o@tinpous production of solar cells from a large volume of substrates
was conducted in the steps of -29 Exal gle 2 using the water-soluble
phosphorus paste for diffusion blend%d@m‘tlomparative Example 1. As a

result; inthe inuousty performing Screen printing; Severe
clogging of mesh openingspéitheis screeiitingjiaté waswhsamed at_
the number of times of pyinting-Bfeasout 250@255 ge SCredn Premting fﬁéiir
plate could not be used then unless clea ned{{@80#L]pTahle 1 Gpen-cifcuit

Short=circuit-Conversiomtcurrent Fill-voltagedensity efficiency-factor
Example 2

(Organic phosphorus
paste of Example 1 0.638 36.2 18.2 0.789

was used)

Comparative Example 2
(Water-soluble

phosphorus paste of 0.632 36.5 18.2 0.791
Comparative Example 1

was used)

{00721

From the results shown in Table 1 above, it is seen
that no significant performance difference in characteristics
between the solar cell produced in Example 2 and the solar
cell produced in Comparative Example 2. On the other hand,
for comparison between Example 3 and Comparative Example 3,
FIG. 4 shows the relationship between the number of times of
continuous printing and the paste wviscosity. When the
water-soluble phosphorus paste and the organic phesphorus
paste having comparable initial viscosities are used for
continucus printing on a printing plate, the water-soluble
phosphorus paste undergoes thickening due to dehumidification
and becomes unable to be used for printing after used for
printing about 2500 times, whereas the organic phosphorus
paste does not undergo a significant change in viscosity and

is able to be used for printing permanently.
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10

15

20

(V) (mA/cm2) ($) Example 2 (Organic phosphorus 0.638 36.2 18.2 0.789
paste of Example 1 was used) Comparative Example 2 (Water-soluble
phosphorus paste of 0.632 36.5 18.2 0.791 Comparative Example 1 was
used) 10 [0072] From the results shown in Table 1 above, it is seen that
no significant performance difference in characteristics 15 between the
solar cetlprodueesdin Examplerz and thasolatcellpseduseddRe organic

pirBURAsRtYe Bxamples,On the-qlhes,pand. Jory %’Bp‘i‘ﬁf% eWEREL L ¢

“Example 3 and Comparative Example 3, FIG. 4 shows the relationship
1 ptaehtRe RS f thids & EBAtRT EEBrithgSREMEPE
ovistesityl eyl thel 20 gaterrsolbisie phbsphorss.pafiecandfibecrgahien the

o@@%@@r%ﬁﬁﬁ%i@énBé_Qﬁ@%@@edQE@BM@SQS'E%S %E?‘euiﬁ%ﬁ%nt
.contlntuous prlntln%é)nda Rgnyggaglaée, ttfejyvqter-lsgluble phosphorus . ¢
Mﬁé’s% u%%ré)oréespt |cef<en|ng (et aéhdmidirichtion 458 bEeSmBE Wbl o of -
thebé ased feradrintinglestar T1_8U 3625 pyihting absue2$B0MR@sto an
ewbereasmtheiarganic pfmpb@l@%rpaﬁﬁe, dp@&ﬂ@b@@%ﬁ@@@@@ﬁi@a%%

N, viscasity Is ghle t used for printing permanently. =30 It
e B S e e R B e

diffusioHatE6rdifiG t& heasreSaAt ifentith enSufsthaPpANGiPEadpBices
heepdatech adovenibelmirgly darget humbetlos timese §bereforer wepsthgent

1R EENIGPhosPReIUS PaRtE (08 diffusinn of he.presgnt iNveplioa11y, the
Ogreﬁa,red in Example 1 is utilized for production of the solar cell, the

SRR AR S P BxAd TR CEReU iRy to the

pprotiets duifielehflpn is also applicable to other semiconductor
devices in which diffusion layexrs different in surface
concentration are provided in a plane.

[0073]

Furthermore, the present invention is not limited to
the above-described embodiment. The above embodiment is
merely an example, and any one that has substantially the
same configuration as the technical thought described in the
claims of the present invention and that shows an identical
or similar effect to the above-mentioned is included in the

technical scope of the invention.
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competitive in the solar cell market can be produced. 10 While the solar

cell as one of semiconductor devices has been described in detail in the

foregoing, the present invention is not limited to the solar cell. Naturally,

the organic phosphorus paste for diffusion according to the present

invention is also applicable to other semiconductor 15 devices in which
CaiEfigon layers different in surface concentration are provided in a plane.

[0073] Furthermore, the present invention is not limited to the
labove- escglibedﬁmbodiment. The above embodiment is 20 merely an

example, (g gﬁy BhBFhEARAS s it qﬁé%%m@@&nf?g%ré’t? asthde 2
steephicat thovght dassribeptanhid ndaifny of tvenpragest idverftivhiand fryrer on
tsRows BB tdentical of Sinhyeffactie theakevergiendored is ipsludeddRising
a%heltecshpi.cal scope of the invention. -31 CLAIMS: 1. A phosphorus paste

or diffuision that is applied to a substrate by screen printing for forming a

diffusioft |85 Tr RELSThIRRE ahBTHOSPRBARN SRS ferdiffusigrant for
them@tisingsableadtapedoping agent containing phosphorus as a dopant

for the diffysion, laysh A.thixatiopic. agent,coniaining %’%%‘é&?‘f& BINFEL: ana a
and a 10 solid mattef; and an organic solvent; wherein the doping agent
SRl ofahiEBHoHMdrus compound. 1s 2. The phosphorus paste for

diffusiopraccoghng to slaiwehtwherein the organic phosphorus compound
is a mogames ;having addisphates@ieHPandier & panenergdelivaliveus

c:Q%vi{r)l a phosphate group. 20 3. The phosphorous paste for diffusion
2CESY INg'to claim 1 or 2, wherein the solid matter is particulate silica. 4.
The phosphorus paste for diffusion according to any one

2. The phosphorus paste for diffusion according to claim
1, wherein the organic phosphorus compound is a monomer
having a phosphate group and/or a monomer derivative having a

phosphate group.

3. The phosphorous paste for diffusion according to claim

1 or 2, wherein the s0lid matter is particulate silica.

4. The phosphorus paste for diffusion according to any one
of claims 1 to 3, wherein the organic binder is polyvinyl

acetate.

5. The phosphorus paste for diffusion according to any
one of claims 1 to 4, wherein the organic scolvent is a
high-boiling solvent having a boiling point of not less than
100°C.

6. The phosphorus paste for diffusion according to any

one of claims 1 to 5, further comprising a silicon alkoxide.
7. A process for producing a solar cell using the

phosphorus paste for diffusion according to any one of claims

1 to &, the process comprising coating a substrate with the
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of claims 1 to 3, wherein the organic binder is polyvinyl 25 acetate. 5. The
phosphorus paste for diffusion according to any one of claims 1 to 4,
wherein the organic solvent is a high-boiling solvent having a boiling point
of not less than 30 100 C. 6. The phosphorus paste for diffusion
according to any one of claims 1 to 5, further comprising a silicon
Pélkexitierds hdspmcEss farigibdading drsolaccelbusipg the phgsploras
shasie deridifusian ageerding ie.any, ope gl glaimsed {hEn eI OLBSH a
dcqﬁntlplr;s__ﬂn% cggtlrégfa substrate with the -32 phosphorus paste for
di usmn%y ScTeén printing, and subjecting the substrate to a heat
treatment to form a diffusion layer. -33 ‘
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