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invention relates to a phosphorus paste 10 for diffusion that is applied to
a sem conductor substrate by screen printing in formng a diffusion |ayer

on the substrate, and, further, to a process for producing a solar cell in
which a diffusion layer is forned on a substrate for a solar cell using the
phosphorus paste for diffusion. 15 BACKGROUND ART [ 0002] I n
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prepar®d a p-type silicon substrate 25 which is obtained by slicing, based
on a multiwire nethod, a single-crystalline silicon ingot produced by a
Czochral ski (CZ) nethod or a polycrgstalline silicon ingot produced by a
casting nethod. Next, damages gi VEREN@CAheFEEBBtrate surface by the slicing
are renovedobyjan al kal i ne sol uti on and,

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 on a substrate for a solar
cell using the phosphorus paste for diffusion.

15

BACKGROUND ART

[0002]
In manufacturing solar cells for civilian applications,
at present, it is an important task to reduce the
20 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 folliows.
[0003]
First, there is prepared a p-type silicon substrate
25 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,

30 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. Subsequently, a
dopant is thermally diffused into the substrate by one of
various methods to form an n-type diffusion layer. Further,

35 Ti0, or S5iN is 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



30 thereafter, a mcroscopic rugged pattern (texture) with a maxi num hei ght
. of about 10 pmis fornmed in both a |ight-receiving surface and a back
surface. Subsequently, a dopant is thermally diffused into the substrate by
one of various nethods to forman n-type diffusion layer. Further, 35 Ti Q2
or SiNis deposited on the light-receiving surface in a thickness of, for
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printed on the back surface, during formation of the

20  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)

25 and a function of reducing the recombination velocity of
carriers generated near the silicon surface.

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

30 [0005]

Even with the above-mentioned excellent technique,
however, the conversion efficiency of a solar cell utilizing
a single-crystaliine silicon substrate, for exampie, reaches
an upper limit of about 16%, and a further considerable

35 improvement in conversion efficiency cannot be expected. In
fact, in order to sufficiently lower the contact resgsistance

of a light-receiving surface electrode, the surface



an upper limt of about 16% and a further considerable 35 inprovenment in
conversion.efficiency cannot be expected. In fact, in order to sufficiently
| ower the contact resistance of a light-receiving surface el ectrode, the
surface concentration of the dopant such as phosphorus in the diffusion
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Conveﬁ§log,180,869 (Patent Document 1). According to the document, a

low-ohmic contact can be formed even when the surface

concentration in the diffusion layer is about 1.0x10*" cm™ or

below. This 1s realized by addition of a compound containing
a dopant to the vicinity of a silver f£iller contained in the

20 paste for electrode. As a result of this approach, a
high—concentration 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

25 the paste for electrode, it is impossible to form a contact
between the diffusion laver and the electrode in a stable
manner. Therefore, there is a problem that the solar cell
obtained is low in f£ill factor and in reliability.

[0007]

30 Begides, as a method of enhancing conversion
efficiency by forming a high-concentration diffusion layer
{emitter layer) containing a dopant in a high conceniration
only beneath an electrode while loWaring the surface
concentration in the diffusion layer in other areas of a

35 light-receiving surface, that 1s, by forming a two-stage
{two-level)} emitter, there has been known, for example,

"Photo-electric conversion device and process for producing



efficiency by formng a high-concentration diffusion [ayer (emtter |ayer)
containing a dopant in a high concentration only beneath an el ectrode while
| owering the surface concentration in the diffusion |layer in other areas of
a 35 light-receiving surface, that is, by foLm ng a two-stage (two-I|evel)
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exanpl e, "Process for producing a solar cell” as disclosed in JP-A
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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

25 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 tco a complicated system and

30 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 cannot be obtained due to auto-doping.

35 [{0008]

Furthermore, as a further method for enhancing

conversion efficiency by forming a high-concentration



diffusion |ayer only beneath an el ectrode and | owering the surface
concentration in the diffusion layer in other areas of a light-receiving
surface, there has been known, for exanple, "Process for producing a solar
cell' as disclosed in 5 JP-A 2004-281569 (Patent Docunent 6). In the
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constchtcngvéh31bmoe§faQEeanytter resides in that an arbitrary pattern can
be forned , that a diffusion agent with a high dopant concentration
can be apbﬁled to a substrate surface in a uniformthickness by one tine
of printing, andakhag dbpafivrdobfing énteamobsiébirpgiient| yPpérforned by a

hi gh- ConC§@é6a@i@@?@hPﬁgﬂgﬁHSDSééﬁén£ay?rptﬁpégéssgb§§88§§§ Peate1) eat ment .
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can be fofﬁﬁﬂtb?o?ﬁénﬁr?ﬂ??ﬁgc??Eﬁ%ﬂ%ﬂg BREsPherheafcif eattefit SHRPRM are
each ponptekietngnagesboebntaiRing 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 laver.

25 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 nigh-concentration

30 diffusion layer, a low-chmic contact can be formed easily.
Conseguently, a high-performance solar cell can be produced
while maintaining the production yield at a high level.
[OO11]

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



[0012] The application of the paste for diffusion that is io used for
formng the diffusion |ayer may thus be conducted by.a screen printing

nmet hod as in Patent Docunent 9, and may al so be conducted by a spin coating
nmet hod. The spin coating nethod is preferable for formng a | ayer on a
surface in a uniformthickness, but is very wasteful because nmuch of the is
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uniform thickness, but 1s very wasteful because much of the

15 material is scattered at the time of spinning. Examples of
the coating liguid for diffusion that is used in spin coating
include a coating iiqguid for phosphorus diffusion described
in JP-A 2007-53353 (Patent Document 7} and a coating ligquid
for boron diffusion described in JP-A 2007-35719 (Patent

20 Document 8).

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 thrcocugh a speedy printing treatmeht,

25 without wasting the material.
f0o013]

As described alsc in Patent Document 7, however, a

coating agent for diffusion is generally composed of a
water-soluble phosphorus paste containing a phosphorus

30 compound, a water-solublie poliymer 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 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



SUMVARY [ 0013a] According to a first aspect, there is provided a
phosphorus paste for diffusion that is applied to a substrate by screen
printinge¢er ifPearhgla EPf BGSPON Kayey oMbt HORBEIUE £ PHel¥hoSPhor us
paste f@r1@m§fg§m@noﬁogplgﬁg@gn@mbégagf +Bm&epi ng agent contai ni ng
phosphorus as a dopant for the diffusion layer; a thixotropic agent

contai ning an organic binder and a solid matter; and an organic sol vent;
wherein the doping agenDISCLOSUREAF CHEMGAPIAIION onpound. [ 0013b]
According to a second aspect, process for producing a solar cell paste for
di ffusi on as defined conprising cOXPHEYa substrate with for diffusion by
screen éb % Q substrate to a heat treatnent to formthere is provided a
using t g B phorus above, the process the phosphorus paste and subjecting

the a diffusiogolaygt. +PROBLENSJIO BB SCLVED B, THE: LN, EhLL00L4]

The present jnventio been in consideration o he_ above- nentloned
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the abo9&daBfectSolattdridi HGSKE1RhetRf eSOMITchveAEPEN, 1 héfe P§95?69|ded a
phosphopusspastesf eempgofihsi on that is applied to a substrat e by screen
printing for forming a diffusion |ayer on the substrate, the phosphorus
paste foe0dBPT usi on including at |east: a dopi ng agent contai ni ng
phosphorus as a dopant for the diffusion |ayer, a thixotropic agent
cont ai ni ng ahePHARRE bFhdér §/GCRs oRFECHRL t dFeBMd Idh BEE¥AREIsoRvent,
\[Nher ei npicb@es@plﬂtg: age@aujcanqn Qr ganise phesmgmmg‘,om@unﬂhéﬁahbﬂué) :

0016 or pa r. di on | ]

Tl rEJG'TT‘or §| p%iBH %%at ?%?ﬁ&‘es ag%%é%hg E%' g% c% I's an

phospho?us past'e usion
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the diffusion IayegRbngMghT@ Lkngopakbesd, THRShRG=RT8NnSCreen on a screen
pr|nt|n% Blaﬁe ar e Tnsusctept Tbte toTlogging, Since the paste i s restrained
from thil€Réhi ng due to a continuous printing. Accordingly, with

The present invention has been made in consideration

of the above-mentioned problems. Accordingly, 1t 1is an
object of the present invention to provide a phosphorus
paste for diffusion that is used in continuous printing of
a phosphorus paste for diffusion on a substrate by screen
printing, that does not undergo a significant influence of
ambient humidity on viscosity, and that has no pessibility
of thickening even after a repeated continuous printing.
It is another object of the present invention to provide a
process for producing a solar cell utilizing the phosphorus
paste for diffusion.



5 the paste for diffusion used in continuous screen printing, the nunber of
times the continuous pr| nting on a substrate wWith a single screen printing

pl ate can be greatly iNBERBASERR $¥ . o8, PRPREEMEhe screen meshes are
i nsuscepgpbbe to clogging, the phosphorus paste for drffusron that is
appl i ed lootot bstr te haye few de S npar ed
wth a desi r ?FES on a}tat er aﬁgg%08%?fc 8siv ecsorc{l% C? £

phosphoPnsSpam eﬂff@r’lt@bﬂf usheﬁel nel M@é’@%l@((ﬂh@ﬁﬂ@@@%r@aféﬂe@rt §©1ﬁ| ng an

or gani cybkpdefoAnehib assabipd iEmt ey a thihddiacd r Iscpée@eptyn@@ﬁgbe

| trall ed h h te f di ff
Sﬁflxot/r %?crg%ﬁétl??nﬁhug‘lég & or;{sgp%ﬁrgosn ?L%ltl th%s%ogt%%‘pon printing

shows rebkbsphaedsbpastendgofr dmftfhren.@esrmlpbmgerart Porettigutlapiyg with
the orgagkat bi-bden 16ankal fieskiibtde QQO%Pf@cB;ﬁén@a%b% fihe dattrﬁ@s@@n the
paste can have a ood ropert fr}%r s:}s?remgTﬂ rough m:lg (g%enr ngs of the
Ser een g?YﬁFr n3 braret Besfd PRSI Pt TP Koo ReR Pt he
phosphoeusocpast eaftdrerdi fafruklm orgentedsctflivemti,n Widrpi2zb the cRapssgt hr ough

drying afLgt Pé'Qﬁ'nggﬁléh?h@@ﬁﬁ@régdcéﬁﬁoéﬂﬁ'@&§9§mth§0U9h baking can be
easily ntrf ed by Tegulating the content of the solid matter. [0018] In
this ca eferably t he organi ¢ phosphorus 30 conpound is a nononer

havi ng a phosphat etgeoppoaptibousa prsnengometiais ven hawi ag arphosphate
gr oup (ékgﬁgég}us aste %@%r%;%E%sgr&a@HéﬂﬂEHﬁﬁﬁﬁée §OH889HQ ehpe doping

agent oner having a ph osp hate gro and/ or nohoner
der i vat VRéCRavihg 3P pydatste GHGGRRosNSsph 9%@ 353t h'é PRBSPABLE gr oup
serves aseatdepantisdugcerf asrddiel dibindéonahdyer 4wl bk harped, Asdthe

mononer ,favi g, 2 PhasAtate or gHe-apg/ ofc the npagERL I deriyalyng having a
phosphorus paste for diffusion that is free of influence of
ambient humidity on visceosity. Therefore, even where a

Ta



phosphat e group, those which are commercially avail able can be used. Thus,
easy availability of material is ensured. [0019] In addition, the solid
matter is preferably 5 particulate silica (Claim3), and the organi c binder
is preferably polyvinyl acetate (Caim4). Where the solid matter
in the thixotropic agent is particulate silica and the organic binder is
pol yvi nyl a@seted @astdstofTefid QILBEEué:Lhﬁl %;tém:uisatae Shid-caides gatkainn,1()
to restrain.the reduction in filmthickness throu dryl g after printing
of Lo pAMTHATH S dbaHTPT I hrmTaRAH Qi LHAOUO P T wher oas. 1 he

pol yvi nyliresetapeitsld iteel gl dagioant rs:ulnctehet:rper QuEeritey iof ndwnuestesl ffgom

passi ng t sh. o ,

solvent 1§ a&ﬁghlhrlﬁod% ng g%lrl%/%%tsl havi ngg&] Iﬁ n AS§| %Eﬁ%g@xy Fggso'z EZRI :
100C ¢d afim B)aSQMe‘irCéf aﬂﬁ@mﬂbm 4l sl \ﬁémtlﬁm% SEIRAT iBFg-NFdin®- of 20
not |ess ghan kG isk tise disak as At RRaat S SOl e n @haldietiten the

phosphorus paste for diffusion, the paste obtained does not show variations.

in conposfilior? diddie ViTERS1 |L}%i‘t‘}td'ﬁ’%fpjt%ea v afrt 95 Horna* 536 ng
envi r onmert Ssaa@iict ich Capialde e botmg rpmaired Sixﬁd)lMs@!ﬁ:[eQﬁﬁJﬂle to The

phosphor s, BEsle. | Undl HASYRN 80 Abave Jmy Jurtnelod nelude o sidigon

al koxi de us pas
i ncl udes @i |tireors ki toe , cdrhéoss inadso it calteosd (feavseievm:ia‘s & | inker 30 for

| i nki ng HESIQ %19{ Ph?%qﬁgs CcHFSPéUE% opi ng agent and the
parti cul af é:a as eruegso matter, encea%r?ectl ve in
accel erati®the si nter| ng of the phosphorus conponent with silica during a

di ffusion heat t£e8888Nt 51 ACE0LHEENGhYspREEWAT fadi & f H8i0ai pfuphesphorus can
35 further be prevented. In addition, the sjiljcon al koxide |1;slrp({efe ble in

view of | BRFHAST i3It T ORI S APy A THIR YIRS 2 gEARic *Y di ng
to the pressestid nveitdon, tidetieitotadsioc provbakeidy acqr deessadidry pr oduci ng a

SOt ool Lot BB LLE BIPBIO o RN YasMd ') Oyl B QAP Je1e! Ui N
thixotropic property thus controlled ensures that the paste
upoen printing shows restrained blurring from the desired
pattern.

20 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 solid matter contained in
the phosphorus paste for diffusion, the reduction in film

25 thickness through drying after printing of the paste and the
shrinkage through baking can be easily controlled by
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 a phosphate group, phosphorus in

35 the phosphate group serves as a dopant source for the
diffusion layver to be formed. As the monomer having a

phosphate group and/or the monomer derivative having a



5 a substrate with the phosphorus paste for diffusion by screen printing,
and subjecting the substrate to a heat treatnent to forma diffusion |ayer
(Caim7). Were a solar cell is thus produced using the above-nenti oned
phosphorus paste for diffusion, the solar 10 cell with high quality can be
produced in good yield and at a greatly reduced production cost, since the
phOSphorU§h@a§m&té0grdﬁﬁfuﬁh@@epﬂhﬂémSaﬁeC@wmméEmﬁ@lByiﬂ@aﬂyﬁmﬁ@tciﬁ t he

nunber of |nuo S t QSS npared Wi that in
o, Fgé%e&lgl s:i’ éloh ﬁabl ﬁtb e or us- pé?’srfsuredh

the prior ar eror anl osp e for diffusion
as above [80L8éd, it is p055|ble for exanpl e, to produce a

hi gh- concentratEgnaghgﬁgghonthgygglgadmgt£g¥+mﬁ gggkgggggﬂtdiffusion | ayer

by a single run of fusion treat ment an | htricate procedure
can bé obRFREEELREE sThplea stepaivan) bealﬁ@aﬂi‘%e@ifg%lEIjFE@eUlﬂ'HE

INVENTIC»bf@@QﬁiblY polyyyﬁﬁlt@@ep@g§ph@1@§mp@ﬁte for diffusion according
le to realize a phosphorus 25 paste

to the present Hgvent|gn it g is 5
for diffusion t HAET8oLEengP &ﬂd@ 8 €L dPghifi EAAECTRPPEENEESBE &fibi ent
hum dity parviscbstt ysahichasndotipossrhahicybiddéhi tkeppngvenvenh after a

r epeat ed (o) t d o] sol ar. cell_produced using
the 30 ph%sgﬁ%fﬁsggagégpf%r dl+Q%§lg%$%c@%§Eﬁé£h$% %Iﬁg%s%%tiﬂﬁgg%tlon
it |§ﬂpos§¢b¥%8t@apmoﬁ@%er%d%¢§h0@uewlfyl%cﬁﬁkam¢$Sthhn@@@hadsYhmje

procedur ey | ﬂrg@%gl &k end tpd St &l 594 POSSE L £, 10hd NELLASEL 116, nunber  of
times of u5|ng printing plate for continuous printing can be used. 35

Accor di ngt3rotHe priotREt |‘6‘P1e€%%% bre theleoiar cafetaen be 1HFYL v % educed.
BRI EF DES&Ht 0 ONKE PRAVWNGS 00244 p&d€e #dr passing through the

mesh openings.
15 [0020]
Preferably, the organic seclvent 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
20 not less than 100°C is thus used as the organic solvent
contained in the phosphorus paste for diffusion, the paste
obtained does neot show variations 1n composition due to
volatilization of the solvent in normal printing environments
and is capable of being printed stably.
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 effective in accelerating the sintering of the
phesphorus component with silica during a diffusion heat
treatment. Accordingly, outward diffusion of phosphorus can
35 further be prevented. In addition, the silicon alkoxide is

preferable in view of low material cost and easy availability.



FIG 1is a schematic view of a solar cell to .be s produced. [FIG 2]

FIG 2 is a flowchart illustrating the process for producing a solar cell
utilizing an organi c phosphorus paste for diffusion according to the
present invention. |o[FIG 3] FIG 3 shows image illustrations of

the flow shown in FIG 2. [FIG 4] FIG 4 is a diagramshow ng the
rel ati onshi@2bet ween 15 the nunber of tinmes of conti nuous printing and the

i it f LR, | B MODE FOR
v NG o TR FRERATY SRE | B P n SR R AL b o B e 15 R0
wat er - sol P el phdsphorece gaster frrocdidingsiardiar usell msitredmerinti ng
that has hees, ﬁ&fwa%a@wléa/r UsLele Wdel 9085 3l i § lmuamd n@f

anbi ent envi ronnents such as humdity on viscosity and does not permt easy
contrdl ot $HRTESTEy ot P o@’é‘?%@@?ﬁ%cﬁﬁﬁ% forhetefbrelon iy puseén s

poor in spabitidy, cdndoniv fWOUSPriny | Aghs Btk d heo af treswant rd¥odind it frerm ty
of pri ntlp has (%u 1;'E:)ered fabric eHgn of reci se sem conductor devices. In
addi ti on, Shater =SBt Ubl aib%s{) Paste for diffusion accordi ng to the
prior art has hddetbeapsobhencéhat is 30hss noeodated usiggntiened therein,

the past e,isleranss, I kANl AG g, G AEhuT 4 satLon, s gonidous

pr|nt|ng 1S rep eate screen nesnes OCCUrs I n early
st age® Sﬁﬂ%l@g@ﬁ rlglqﬁ Freshelsy | et s axr gifed st rgade predd eandatt érn and

mekes priditdey ROssddd Grdesef o Godd, 35 dSe NARESHA SR O-dd qauant |y
cl ean up the water-sol uble pho EEhorus (gaste for diffusion that has cl ogged

t he neshe“éo%fd%%u%jc?réeﬁf’rﬁ?ﬂﬁl FPrteraRie (HP T EReUb, ©hoiver, a

cl eani ng hunape el $0rt Théss aet a&am@lﬁmg\ajﬁmsﬁ{gltﬁcesﬂwwhoawsﬁp@ﬁ@df or
di ffusion_t at h soléhlfl ed is uged dUCI e amount of waste

li quor, whr ¢ reja% T He" BT ofEh on’:ﬁ'é3 Vi Fc?n e§ a 5‘ SeE he

produ@t|qﬂhq$@m@ru$[mﬁﬁﬁﬁ for diffusion as above is used, it is
possible, for example, to produce 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.
20 '
EFFECT QF THE INVENTION

[0023]
With the phosphorus paste for diffusion according to
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 viscoesity 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 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 posgible to increase the number of times of using a
printing plate for continuous printing can be used.
35 Accordingly, the production cost of the solar cell can be

largely reduced.

~-310-



In order to solve these problens, the present inventors nade earnest
researches. As a result of their studies, the inventors have found out a
technique for largely inproving the nunber of times of continuous printing
can be 10 performed with a single screen printing plate, in screen printing
of a phosphorus paste for diffusion. Specifically, the inventors have found
out that, by using an orggrrerphasphoresorogpoprawasce dopi ng agent to form
an organiﬁ Ehg;phorus paste for diffusion instead of using a 15

convent i oh&?2{at er - sol ubl e phosphorus paste for diffusion that is

suscepti b[BI&o tlhoggi ng of nmeshes due to thickening, it is possible to
realize a novel (hRosRNarus RagLe AL dillugion What.can e used for screen
printing, that can 'bé éasily Ccon roll éd o’ desiré VI'§cosity w thout
under goi ngr@@ueadi ronnment al i nfl uence of anbient humdity on viscosity, and
that is erggé[egg in stability of continuous printing. Based on the
finding, the present invention has been _conpleted. [0027] Now,
enbodi ments of FRE-predént EAPENERER WAL USE T85 185 PR RAPFFSEeSeFi bed

bel ow, bupréhecinyent keNakscBOl LtfALiednyoahhergahedi pROEShorus pastdirst,
an enbodiﬂent o% an,organic ghospgorgg past e fgr.difffsion according to the
present i h9Enfioh Pl BECHESLFPbET. “R®pROSBRBF UL PERtE°For dif f usi on
accordi ng[¥oGt hel130 invention is a phosphorus paste for diffusion that is
used in applyin pho u t g for. . di_f.f.usi.on g tr by._screen
printing to for%ﬁ%'dgf%%%@%napgéérﬁé%%gtghggt?gtg; %Rg gﬁggpﬁ§%§§ %gste for
di ffusi onFidel 4des at | east a dopi ng agent containing a phosphorus as a
dopant forpthe diyffusion 35 layer, a thixotropic agent containing an
organi c binder, and a solid matter, and an organi ¢ solvent. _Particularly,
in the present fafenti dF 2 K&3FSH N GLRYNS &Rt ZicdthdOpRb<pnbriYesE a
dopanis i nthBenphipspherusipast erf eondihlivakopriigatangoaganthiephospbos g
conpound. 0028% . TEus th&aghosghorus paste Eor diffusion that is
used in sBf eBR®pPi iPi A§FE hof 4 RatBFPESRIBIE BREEBNHGr Us paste but an

or gani ¢ phosphorus paste, whereby it is possible to realize a phosphorus

paste for diffusion éé@f Im % dﬂﬂ?ﬁfﬂ&i&# emgfmﬁr%'l\pnt hum dity on
viscosityt 10 Iheref ; gani- ¢ phosp for diffusion
0025
20 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
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 since water is contained therein, the paste undergoes
thickening due to dehumidification as continuous 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
a5 is necessary to frequently clean up the water-soluble
phosphorus paste for diffusion that has clogged the meshes of

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

~13-



according to the present invention is used for continuous screen printing,
it is ensured that even in the case where a desired pattern of the
diffusion layer is a thin-line pattern, clogging of nmeshes in a screen
printing plate is unlikely to 15 occur and the nunber of tinmes of
continuous printing possible on a substrate with a single printing plate

;:an be Lacgg@éﬂll}l@(:l%ﬁﬂ  £& r@ﬁ:s%chﬁaﬂﬂ%{g? #1e rv@sdé@mdlﬂr@rﬁﬂ&ufmsng due
o repetition of co uous pr|n in esij i nce g screen
oshon| shaite vt L Hotn P S TR S L e TR g Brat
appl i ed ondogd rmncsmbstdsﬁtmm Tienerr deitectls ascmwongey echavdraerdesi r ed

di ffusion Ialy attern s ,ﬁ,}rther cdtuAe tao tt’ie consi der abl e

i rrprovemenli1 N~ the ents n%nd l?wefl es oft cont1 Ruous. prf pri nt| ng possible, the
nunbers 25[@;@26] nmes of cl eani ng necessary for the screen printing plate is

reduced, |eadi ngnt QréQrEEBaQSE%Ytﬁégeaﬁﬁoﬁzézﬁgucﬁ@e C?ﬁéséﬁ‘t production of
devi ces. [002 T;@tl_n addition, since the phosphorus for diffusion 30

i ncl udes WY XVET oprée stpMe oI g eh of§asi Eeﬁﬁlﬁ&ePfaﬁéeérsol id

matter, the:dhixotEopi ﬁn@é@@@fé ynfe thumhasphor ouscrashe: frsr didddesiyon can
be ea5|ly controlle Suc ph s hor us paste for diffusion contrg)lled in

t hi xot r opt'®® ?%Jdé?t 12 e’Fe el 3 ORI B UMY BT O Ut &F 35
patt eron apetfrermedrerofh pintnagle sEsr;(m eﬁ:fayr;tn‘uy nimttde dor ganieerbi nder

cont ai ne ggg)__r Hﬁ an qr.ahl pass
t hr ough g%éﬂ%e%pe |%§92§o@1&9§ creen prin %%ﬁf esl d%?ecguectggl¥he solid
matt er cobtaiWeenereipave heoyrwd ubtl oﬁhc‘ﬁh fiw mahiclkaressradrisugh drying

and the coMLAcdHoD ddk b@é"é‘&i&gitrﬂ{ Ad 19 2frd he Rhagahosus S5 paste
for diffusion can both be easi Iy control| ed by rs%%ul ating the content of

the sol | dPPRIRRTUF Ooofe for ALFRSIRY T AfbPhdtU £ chpound
constiist ut &dgvdiiei SoPL Nga BGENE o 11b 1 & 10F Geti eu P hnsphorits: past Pid0dn

diffusion, 10 preferably;nis & "OLONEf, favi g & Ahosphate groye. andjor a
it 1s possible to realize a novel phosphorus paste for
diffusion that can be used for screen printing, that can be
easily controlled to a desired viscosity without undergoling

20 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.
{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 according to the

30 invention is a phosphorus paste for diffusion that is used in
applyvying a phogphorus 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

35 layer, a thixotropic agent containing an organic binder, and

a solid matter, and an organic solvent.

-12-



nononer derivative having a phosphate group. A specific exanple of the
nononer having a phosphate group is acid phosphooxyethyl nethacrylate. This
ensures that phosphor in the phosphate group 15 serves as a dopant source
for the diffusion layer. As the nonomer having a phosphate group and/or the
nononer derivative having a phosphate group, those which are commercially
avai |l abl e can beausgduldhis, Easyhavpréa@htiLyvehtmanerthb dspsegur ed.

20[0031] 3 S{fé&z %ﬁ%@;?tﬁé%g}ﬁberﬁ gani £ cP&?érP@oirk' 180 RPSh dApd ude the

follomnng onnerC|a e conpounds.

(A CJ-lZzC(MWI)’@Q?CmuSPﬁ@(G-i)@ ZCSTEnaIﬂq Bhesrhohos phoagrathy |

met hacryl pg@jg; Uni Chemical Co., Ltd. Phosner M N ppon Kayaku Co., Ltd.;
KAYAMER PM 1, k oei sha Chem cal Co., Ltd.: LIGHT-ESTER P-M 30

Shi n- Nakanur a C%BHFcaF EbphOEPﬁoruNKpﬁgF%rfgﬁ AEEDughpn ChBAT c&f ¥o°d Ltd.

Phosmer PER S&rdéerr ﬁla:izot:ﬁu_{; atd m@m%p#@wqy{m:wxy@tmyd@mamyqﬁste

gnonﬂ gagrﬁl at e Unl pehOS&lOITUS pal,'sgfge wl’rllgénc?y 3]_:)'tE is pOSSUII)le em cal

reallze a phosphorus paste for diffusion that does not
undergo influence of ambient humidity on viscosity.

16  Therefore, where the organic phosphorus paste for diffusion
according to the present invention is used for continuous
gcreen printing, 1t is ensured that even in the case where a
desired pattern of the diffusion laver 1s a thin-line pattern,
clogging of meshes in a screen printing plate is unlikely to

15 occur and the number of times of continuous printing possible
on a substrate with a single printing plate can be largely
increased, since the paste 1s restrained from thickening due
to repetition of continuous printing. Besides, since
clogging of screen meshes is unlikely to occur, the

20 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 continuous printing peossible, 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, since the phosphorus paste for diffusion

30 includes a thixotropic agent containing an organic binder and
a s0lid matter, the thixotropic property 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

35 pattern at the time of printing.

Especially, due to the organic binder contained

therein, the phosphorus paste for diffusion can favorably

~13-



5(B) [ Cl. 12=C( CH3) COQ( C2H40) , 1"P=0(OH) 3,, M xture of n =1, in =1 and n =
.1, . m= 2 Daihachi Chem cal Industry Co., Ltd.; MR200 10 (O

CH2=CHCOQ( C2H40) , P=0( OH) 2 n= 1 15 Uni Cheni cal Co., Ltd.; Phosner A,

Kyoei sha Chem cal Co., Ltd.; LIGHT-ESTER P-A (D)
[CJ-|2:CJ-|COO(C2H40)n4P:O(G-|),, 20M xture of n =1, m=1and n =1, m= 2
Dai hachi gahamaadodgidusisty dgeniddd.of AR<2ken printing plate.

(- AR A SOOI D d S DA Lot
Cheni cal #evtusition Gou ,filmd. thixRr@os 3girough drying and the
contraction through baking after printing of the phosphorus
5 paste for diffusion can both be easily controlled by
regulating the content of the solid matter.
00301}
The organic phosphorus compound constituting the
doping agent in the organic phosphorus paste for diffusion,
10 preferably, is a monomer having a phosphate group and/or a
monomer derivative having a phosphate group. A specific
example of the monomer having a phosphate group is acid
phosphooxyethyl methacrylate.
This ensures that phosphor in the phosphate group
15 serves as a dopant source for the diffusion layer. As the
monomer having a phosphate group and/or the monomer
derivative having a phosphate group, those which are
commercially available can be used. Thus, easy availability
of material is secured.
20 [0031]
Specific examples of the organic phosphorus compound

include the following commercially available compounds.

(A)  CH,=C(CH,)COO0(C,H,0) P=0(0H),
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.; NXK Ester SA

n= 2

Uni Chemical Co., Ltd.; Phosmer PE2
35
n = 4 to 5 (acid phosphooxypolyoxyethylene glycol

monomethacrylate)

Uni Chemical Co., Ltd.; Phosmer PE

~14-



(G CH2=C(CH2) CO0( C2H40) nP=0( 0C8F117)2 n = 1 40 Dai hachi Chem cal |ndustry

Co., Ltd.; MR 208 (H CH2:CHCCC(C21140)P:0(0C5I1202 n = 1 45 Dai hach

Chem cal Industry Co., Ltd.; AR-208

(1) CHz= C(CHB)COO(02H40)nP O(O—I)(O\IHBCZH40—I) n=1 5 Uni Chem cal Co., Ltd;

Phosner MH (J)

CHZ C(CHS)CCD(CﬂI—HO)s"P O OH) (ONH( CH) C2H20COC(CH, )=CHJ n = 1 10 Uni Chemi cal
Co., Ltd.; Phosnmer

(K)
CH2=C( 0 P=0( H( CH3)=CH2) 15n = 1 Uni
Cheni cal %,gg é%g‘gﬁgaﬁhggne%@' %‘@’)‘g’%‘fﬁ CH2=CHCOO( C2H40) " P=0( 0- ph) 2
(ph: benzene rlng) 20 n= 1
5 (B) [CH,=C(CH,)CO0O(C,H,0) 1. P=0O(CH)..

Mixture of n = 1, m= 1 and n =1, m = 2

Daihachi Chemical Industry Co., Ltd.; MR-200
19

(C)  CH,=CHCOQ(C,H,0),P=0(O0H),

n=1

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

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

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

{(E) CH,=C(CH,)}COO(C,H,0) P=G(OCH,),
25 ,
n =1
Daihachi Chemical Industry Co., Ltd.; MR-204
30 (F) CH,=CHCOO(C,H,0)_.P=0(0OC,H,},

n =1

Daihachi Chemical Industry Co., Ltd.; AR-204
35

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

n=1
46 Daihachi Chemical Tndustry Co., Ltd.; MR-208

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

n =1
45

Daihachi Chemical Industry Co., Ltd.; AR-208
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Dai hachi Chem cal Industry Co., Ltd.; AR 260

25(M C112=C( CH3) COQ( C21-i 40 nP=0(0-ph) 2 (ph: benzene ring) n = 1 Dai hachi
Chem cal Industry Co., Ltd.; MR-260 30 (N)[Cl-12=CHCOQ( C2H40O) J2P=0( 0C4H9) n
= 1 35 Dai hachi Chem cal Industry Co., Ltd.; PS-A4 (0)[ CH2=C (CH,) Q00 (
C2H40),J,P=0 ( OH) n= 1 40 Dai hachi Chem cal Industry Co., Ltd.; MR- 200,

Ni ppon Kayaku Cpr) Lt dH, =AY ¢, 2,0 Neppqorsayaruc Gom) Ltd. |  KAYAMVER
PM 21 45(P)[ CH2=CHCOQ( C2H40), ] 3P=0 n= 1 Gsaka Organi c Chem cal |ndustry
Ltd.; Viscoat 3RA= [0032]

5 Uni Chamical Co., Ltd; Phosmer MH

{J) CH,=C(CH,)}COO(C,H,0),P=O(OH) (ONH(CH,),C,H,OCOC(CH,)=CH,}
n o= 1

10
Uni Chemical Co., Ltd.; Phosmer DM

(K) CH,=C(CH,)COO(C,H,0) P=0(0OH) (ONH(C,H,),C,H,0COC(CH,)=CH,)
15 n = 1

Uni Chemical Co., Ltd.; Phosmer DE

(L) CH,=CHCOO(C,11,0} P=0(0O-ph), (ph: benzene ring)
20
n = 1

Daihachi Chemical Industry Co., Ltd.; AR-260

25 (M) CH,=C(CH,)CO0(C,H,0),P=0(0-~ph), {(ph: benzene ring)
n =1

Daihachi Chemical Industry Co., Ltd.; MR-260
30

(N) [ CH,=CHCOO{C,H,0),]1,P=0(0C,H,)
n =1

35 Daihachi Chemical Industry Co., Ltd.; P5-A4d

{O) [CH,=C(CH,)CO0(C,H,0),1,P=0(0H)
n =1

40
Daihachi Chemical Industry Co., Ltd.; MR-200, Nippon Kayaku

Co., Ltd.; KAYAMER PM-2, Nippon Kayaku Co., Ltd.; KAYAMER
PM-21
45 (P) [ CH,=CHCOO(C,H,0),],P=0
n =1

Osaka Organic Chemical Industry Ltd.: Viscoat 3PA
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Li ke general acrylic nononers, these organi c phosphorus conpounds can be
synt hesi zed by a dehydration reaction or ester exchange between acrylic
acid or 5 nethacrylic acid and a phosphoric acid conpound. Besides, sone of
t he organi ¢ phosphorus conmpounds may be used by m xing themin an arbitrary
ratio. On a synthesis basis, the organic phosphorus conpounds of the above
formul as [EreEsnpre difficult to synthesize as pure products as the nunber n

io indicative o he eth ne_ ox Ien mul a i ncreases.
Speci fi ¢ exanpl k%fg?ﬁe Val 98" # H%Q§% ef gQﬁEé? §%$P€ 2, about 4 to
5, about mhdspiyrabotempourgis, cabdm %mtla?b@medz&y eﬁbolﬂhmafamt about 50,

whi ch ar & e N AL ¥, Tl g e rPhRSRNGILIS; CyRaunds_than the

above-nmentioned can e use osphorus "source. [0033] The organic

phosphor ke ErHpel e @C%%@%p’:} rﬁj‘%ﬁ}g}ﬂm}% gt SR EhouRES4dER -t hat t he

cont ent Osforwcz&phgwscwarzﬂ: ctﬁﬁggafmzmé d&nﬂ&%&y B} i udwT exydesirably 4
to 7% by meugﬁ% based on the total é%é of. the

&P}kﬁ Qg reason
why such B-¥Hg et gbli a1 i e8¥ 1 988d%of EGAEalASHPr h
netal | i ¢ eteotiodshsspis@ow &Ebmpmatdst hef ethies atmyposfSimnmdidsy aofe lmgwer i ng in

conver si oL £ Ef I&iten'i%/ Zfrh&?é hzs?e Iceelﬂ.?o&l%?k}% tahser'l% Sudrithd d:lu% | over i ng

in sheet Té€sistance of MFCOHC rat|0n u3|on ayer e to out
di f f usi om,ncbmlathm ofetlee @tmolmsq:-bm& tghagifn | lemestitngin rﬂeﬁbrﬁﬁémxl@n

ef fici ency 10%&%@@ \Mﬁé&ﬂf%er@';aaga 1R sSRQ tnel Kadidk %lff Rl n@%e&«onan
i ncrease |n t nunber 30 |l evels. 3 e solid natter

constit utinfglidRe ¢hi %ot%op?}?:o‘é‘@e‘htt‘? trﬁ%‘;‘éﬁrb%cﬁ%?n't gRO%ot 7 gt t3-cul ar |l y.

linmited, fpdupreierabbytiss padsdet! ad e sid iasoutVdd, thei@oldse matter being
35 partlculat Ilca, it is easy to restrain the reduction in film
thlcknes§nﬁhfgﬁﬁh AryYhy and the contraction through baking, after printing
of the paste. Other organic phosphorus compounds than the

above-mentioned can also be used as phosphorus source.
[0033]

The organic phosphorus compound as the doping agent is

used in an amount such that the content of phosphorus is
20 desirably 3 to 10% by weight, more desirably 4 to 7% by
weight, based on the total weight of the paste.

The reason why such a range is desirable lies in that
good chmic contact with a metallic electrode is secured, that
there is no possibility of lowering in conversion efficiency

25 of the solar cell, that there is little lowering in sheet
resistance of the low-concentration diffusion layver due to
out diffusion, and that there is no possibility of lowering
in conversion efficiency together with lowering in
short-circuit current due to an increase in the number of

30 levels.

[0034]

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

paking, after printing of the paste.

-17-



The particulate silica as the solid matter in the thixotropic agent is
desirably used in an anobunt of 5 to 15 parts by wei ght based on 100 parts
by wei ght of the phosphorus paste for diffusion. 5ln addition, the content
of ‘the solid matter in the paste is desirably not |ess than 10% by wei ght.
This makes it possible to restrain the reduction in filmthickness through
drying and the waatpaathanlbheoughlbakhagthafbealarmatkag ah the paste for

di ffusion t (o} ss_|a er having.a. | g
thlcknessth?gg§%§pgg gbgnﬁhégoﬁggg$%b%¥ e?gc%%s it Oun£ ﬁf %h?xo r opi c
agent i n parssehbodehaht b@Sd@s®Mab$® D@E&BihyameaﬂbanfothS to 20 parts by

wei ght baﬁggsgﬂoggg ﬁgggé PMr?%%EP&sPEnthe 15 phosphorus paste for

di ffusion. This nakes it poss e to obtain a phosphorus paste for
di f fusi on t hat HasaééilFéBPe ¥P&ceSPEgnEhaF ather ﬁgwé PeEtHEI Abi hYe

Furt her nopgstéhes degs ecapiyvpebynessZzathon Dbz tihe REgaRt ¢ BIMdemdies
desirably,200 to 400 20t o, 80 Specific

. 2000 f bl
exanpl es B ?ﬁﬁsbﬁgﬁnF%n£%§5£$§?ﬁ ﬁ%d%e??%g%?no+@ g%%$pgmﬁ%§?§sﬁaV|ng a
filmfornthgopgbpéryyngtaedt ehe cbntnadoion nghpoogerbykingansfeeproperty of

2 Comhound. i 0 20,1 9 MAULLEL L] 1 phen: dhe sgapoundy L, i gsol ved n a

sol vent and I's tRhen dr e [inear organic polyners include
pol yvinny| Phegbherus agkg$$ claest nkaypov yackgrye tleidsnasmd.their salts,
honopol ynegoaeg copol yners of hydroxyethyl 30 acrylate, honopol yner and
copol yners of droxypropyl _acryl ate, honopol yner and copol yners of

hydr oxybut yl ac%??a?§?anﬁ6I99Pﬁ?F SEBFEFtFééPHStPEoFP@FH§F°Bé€taﬂénBr

hydrol yzegn pf)ﬂl_’){é‘ll ayboacesnt elw 48 ardy Oy ohgé@t ignadegieenof ofos t&sm t han

60% by mel refer y. hot .| ess an_80% 35 gh ol yvinyl formal,
pOIyVInyI %yr ¥ %%ggL %afed on 169 parts by welgﬁk % tg
15 phosphorus paste for diffusion. This 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

20 to 800.
[6036]

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

25 form a uniform f£ilm 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, homcpolymer and copolymers of hydroxyethyl

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 legs than 60% by weight, preferably not less than 80% by

35 weight, polyvinyl formal, polyvinyl butyral, polyvinyl
alcohol), polyurethane resin, polyurea resin, polyimide

resins, polyamide resins, epoxy resin, methacrylic resins

~-1I8~



al cohol ), pol yurethane resin, polyurea resin, polyimde resins, polyamde
resins, epoxy resin, nmethacrylic resins (polynethacrylic acids and their
salts, homopol ynmer and copol yners of hydroxymnet hacryl ate, honopol ymer and
copol ynmers of hydroxyethyl nethacrylate), polystyrene resin, novol ak
phenolic resins, polyester resins, synthetic rubbers, and 5 natural rubbers

(gum Ar abmalyrﬁ&&;’e?dryllc acilde agf(ﬂ&rhes:ublgwpw rm;»mcqﬁalm eiftdier singly
is to be nhoted h wever, that

or in mxture of two re of them here

Che. or gariEPEITIErS Sh il oF DR R HAE L S CHOTRP ANy GBS
Cﬁbrrpgund @ drdreosoregang © mtthmﬂyla[t@i)BB]poﬂtﬁﬂwe@'m (pid:3:]les} ,agarvcollak t h| S

enbodi nent, i s Si ly. a t ﬁ@ég d m anon
parti cul heers?f[jl cagea%eﬁl s‘goo%% n%t?{éeér)lnasﬁd % oertglgl q%ﬁéd"ﬁ’r J]ﬂgﬁl s 15 )
ensur és adfupak atitgodres wegun thalplasit e vi scosity at the tine of generation
of a high gdepy stress and the paste viscosity at the tinme of generation of
a Iom/shear stress [0039] Particularly, the organic binder in this

enbodi nent is Z@h%r%¥%ﬁ%bebbB@?V$H??YaE%t%?%d QﬁF§a¥sSb%%%%s%rpryV|nyI

acetate peffdse e:f\ﬁytsgcgrﬁf Qho0d dﬁ sumr@perztty iGf t@aw m@tbhr degle ,mesh

openi ngs. ition, in e c 5@ anlc nder

pol yvi nyl P HE &t e,trlb%r yW%y?f%%réjt hb S desT 1% ae]r%/qﬁ |pnatalnb hA) hunt of 5
to 30% bytmicgmarbizsthmpﬂ@ﬂ% b?)ommlgm aid ttee phtgaptm > pastte. for
d|foS|on makes it possible to obtain a paste which has good property
of paSS|ng ? rough the screen nmesh openings, which shows restrained
blurring of a pFhattdipatrepac agenihiehthas gobadivgRli hf PLOPERPYY

30[0040] a combination of at least one selected from among particulate
silica used as solid matter and the organic binder. This
15 ensures a high ratio between the paste viscogity at the time
of generation of a high shear stress and the paste viscosily
at the time of generation of a low shear stress.
[0039]
Particularly, the organic binder in this embodiment is
20 preferably polyvinyl 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
25 amount of 5 to 30% by weight based on 100% by weight of the
phesphorus 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.
30 100401
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
35 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 peint of
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The organic solvent in this enbodinent is desirably used in an anount of 30
to 60 parts by weight per 100 parts by wei ght of the phosphorus paste for

di ffusion. Besides, the organic solvent is preferably a high-boiling

sol vent 35 having a boiling point of not |less than 100C. Where the organic
sol vent contained in the phosphorus paste for diffusion is a high-boiling
sol vent hayt nge&s bbhhhngopot ntv@iatilDizdiEﬂSntdslﬁnt}i@oﬁalV@ﬂlﬁtiéi zation of

t he sol vent s reg&ralneg go. & t hat the%et'é it etvarlatlon in t 03|t|on
of the pasteiahd st abPe BFFntifchh be % ?f%?ﬁ%% TPArtT cOr RT3 l_
preferablefspbelpastexaapﬁest@bl$hprﬁnbig@ncensbévpmrfmnnéﬁde TPM

(i sobutylic aCIFa§tQ%q&%§iy éoéfekébﬁgtgﬁEB§@R¥lg§§&§ can E ls a

hi gh-boi I i ng sol ven he™ conpoun e used as
hi gh- boi | PRgaRbF vERt vare hABELRdei TR be@lh%kafambd %f)@szmoa:f)’é’(a%rpqes of

the usabl grspdvepipbAeludesabi phawlahi:clbyﬂé 0 3 DOR- 581 VER Sso LR&RE L Ol
sol vents, cell osol ve solvents gher fattg aci d ester solvents, higher
S

al cohol solventgowﬁvﬁﬁer P&tﬁymae Bd8ohefits CaBnlc al 8Ret PE hydrocarbon
sol vent s. hginfigp 1 hesg solvent sard i gt dlpareddi to atich @l éphapie. 15
hydrocarngo%ﬁLvents are preferably used in view of little odor thereof.
Exanpl es al i phatic hydrocarbon solvents include "IP Solvent"
produced by | deFkemnlKesah Cbe, ubkedle s8hekhsofinDiode( g8hephsblicis a

regi Stefeﬂlyaf&ggfr@&}f)so ?ﬁ%és%aﬂ?& 2Qoi§é‘§£é50ée179 sGk "Shpbdsal, 71"

produced by Shell Chem cal Japan ., "lsopar "Tsopar H," "lsopar L,"
"I sopar N?lgh%&x%@ttﬁoaaldE&% ?r[fmﬂventﬁxo$l£ﬁ@9 alegigbl SOIBEREE boi | i ng

poi nt: 2789i §0eB16&6} tv" Exxal sP140nt§bobhingrenhdic BP8rb8a3B80K) solkxxed .
DCSlOO/14g%Ogé0ggggg gglggggg,NP%&&;ébpgragfln agg)allpéggfgl

15 hydrocarbon solvents are preferably used in view of little
odor thereof.

Examples of the aliphatic hydrocarbon solvents incliude
"IP Scolvent” produced by Idemitsu Kosan Ceo., Ltd., "Shellsol
D40" (Shellsol is a registered trademark), "Shellscl D70.,"

20 "Shellsol 70" and "Shellsol 71" produced by Shell Chemical
Japan Ltd., "Isopar G," "Isopar H," "Isopar L," "Isopar M,"
"Exxol D40," "Exxecl D80," "Exxol D100," "Exxol D130" (boiling
peint: 279 to 316°C), "Exxol D140" (boiling point: 280 to
320°C), "Exxol DCS1060/140" produced by Exxon Mobil Corp. and

25 S0 on.

[0042] ,

In addition, examples of the carbitol solvents incilude
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,
dibuty]l sebacate, di-2-ethylhexyl sebacate, etc., and
examples of the higher alcohol solvents include methylhexanol,

35 oleyl alcohdl, trimethylhexanol, trimethylbutanol,
tetramethvlnonanol, 2Z-pentvlnecnanol, Z-nonylnonanol,

2-hexyldecanol, etc., In addition, examples of the higher
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I n addi tion, exanples of the carbitol solvents include nethyl carbitol,
ethyl carbitol, butyl carbitol, etc., and exanples of the cell osolve

sol vents include ethyl cellosolve, 30 isoanmyl cellosolve, hexyl cellosolve,
etc. Besides, exanples of the higher fatty acid ester solvents include

di octyl phthalate, isobutyl dibutylsuccinate, isobutyl adipate ester,

di butyl sediacatasidlisZietiyd hisxgludebasgat el 1 etacid anl-eeniesimafid he

hi gh I I ) Ny P’ﬁg% , | ey! hol ,
tlrlgrrg'[ h)e/ll %g%gnofﬂ%/{?%ré %Slc%ﬁ?gng%&]{ée r n'ene'(f)%y?érgl‘gtnrg%o%m&- plgér)ltgl nonanol ,
2- nony| nongdidcahdrexse Hewan®dl inelede |hugddien zane exdhpt sl Refnagie .hi gher
fatty aciglisol Shidied Ude: Capsydh el ARtk nLr&idyl digxanoi ¢ acid, oleic

a

acid, etc, ng exanpl es of the aromatic hydrocarbon sol vents include

but yl l?enz%%‘%:”bi et hyl benzene, di pentyl benzene, dii sopropyl napht hal ene, etc.
5[ 0043] Theugh these erganie solvents may be used singly, tiey can
be used in a rolgsri te conbi nations for. control o% Vi scotsi(%%,sfcontrol of

di sper si b7t f@ei FRIHR | FPTPPH T TR AT19% WL A 1 He Yol id matter
and to theiddoorigani cominaerof chitpats OfiMiety abn |reéyationet@ation to a
textured silic S : t on. e i hosphor us
paste forﬁ%ﬁ%%%ﬁ/i%\ﬂfﬁ%qz%%df%ﬁy %?ljl’ds] %r{;‘fée]?a%{l;)&eg?% tglseg t oget her

t he pél ywr¥gankedidsr wheeht 1el ke d/alktathiel B yaki crdlddern Wnhdt an ester
sol vent coopalddd esdbiddieremdtal [H8Mrate, ana THe & ganinC tpROsphorus

paste for diffusign in this enbodinent may further include a silicon

al koxi de. OHFELT | BRGTPLARG%i RS S ris SE ik el 1§ | SIEIRY Bt e drt t he

20 or gani s phosphoiibe cosposd dt agethas the slopnpn gy ende itk pardiculiat e
silica used as thesolld mtter,qand 1s; effective Ly aceel erating the
sintering o1 tHe phosphtor us™ conponeht Wt sTTiea Hur] ng tHERA TS on heat
t r eativent thirrigflore, the silicon al koxide functions further to prevent
outward 2By4li f{usion of phosphorus. Besides, the silicon alkoxide is

preferable 1n view of |ow material cost and easy availability. [0045]
The organic phosphorus paste for diffusion in this

embodiment may further include a silicon alkoxide. The
gilicon alkoxide serves as a.linker for linking between the

20 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

25 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

- 30 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]

35 _ 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
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The silicon al koxide is desirably used in an amount of 1 to 20 parts by

wei ght in 100 parts by weight of the 30 phosphorus paste for diffusion.
Besi des, as the silicon al koxide, such silicon al koxi de conpounds as

Si (OCH3)4, Si(0C21-15)4, Si(0C3H7)4, and Si (0C41.19)4 are preferably used
in view of their low material cost and easy availability. [0046] 35Furt her,

t he organ p S r u hi odi oen desirably,
has a V|s%§§??§§ogﬂég Sgﬁééotég ggm%%n§% @oéﬁtg é?aﬁgpogiﬂﬁ 6faste is 20
s-1 at 25@enghpsiopngtir eshifht sBPAtesthespassel9VscOsPYFiRY PheSET PR of

generati ope@fed PLOR SHEALaStECRSULE hOW 0&ERBOLPSNOinSEhECHasBSHES W th
the paste woul d not occur even . in the case of formng thin-line wring by

screen prEREMAHEY BRé13 th?lW@IEHﬁrE@ BFTRERhPHERELRE 2R AeWbr E2%kage can
be obtai nedee| 064€hch defectknaaddihéobredbggpaske wesebseiyed@nder a | ow
shear strga? 2hen the shear rate of the past is 2 s-1 is desirably two to
five tine f paste viscosity under a shear rate of 10 20 s-1 at 25C. This
ensur es that cl dggiedgdicfiosicr éde pesticopéncngd tw thdelre apdotesieoakd not

ocour, bl uirbag ghefi PAL! shBakmyedLagel yyupgnsprigthngcay Besiesbipl ned,

and the s ape of g concentration diffusion |ayer can be maintail ned.
15[ 0048] two to RiWe AnmerboBENBAETEf ViREC Pt BEeYBAPEr 2pFBEEE| Ayta bl ar

cell wusingpt e grgank e, ph@ﬁpQOéﬂ§uﬁ@§t&1£@rcm§; USd OfiF aEE€PE&h NE=410 t he
above-descri bed enbodi nent will fécrlbe b referrlng to FIGS. 1 to

el on
3. 20FI G °Bepngssehkhatie 9?5&/30?"03 oPAF REFYTt o”HBTProduREd® and FIG 2
is a flompahaétnlkmmsﬂﬁatemg ubenppnmﬁsanOCaprbduceagralseaaranelthmsing

t he organl hor a f iLffusj d o] e, present

i nvention: ﬁgé égsg E?%ﬁ_éggﬁgﬁérgkgég ???fég |%% eE %E b?Iowshown in
FIG 2. ZSBmHFBEEedl to 3, nuneral 1 denotes a substrate

hi gh-concegphation diffusion layer, 3 a |ow concentration dlffusion | ayer,
4 a passivation filmand/or an antireflective film 5 a BSF |ayer, 6 a

back- surface el 80Frod® emPRAIMGRE PécéPgi B §°§ﬁﬁﬁagérb@ﬁﬁd§ﬁéﬁédaelectrode

solar cell using the organic phosphorus paste for diffusion
according tce the above-described embodiment will be described
below, referring to FIGS. 1 to 3.

20 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.

25 In FIGS. 1 to 3, numeral 1 denotes a substrate, 2 a
high-concentration diffusion layex, 3 a low-concentration
diffusion laver, 4 a passivation f£ilm and/or an
antireflective f£ilm, 5 a BSF layer, 6 a back-surface
electrode, 7 a light-receiving surface comb-shaped electrode,

30 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
silicon substrate 1 is prepared (see FIG. 3(A)). The silicon

35 single crystal substrate may be one produced by the
Czochralski (CZ) method or one produced by the floating zone
(FZ) method. The resistivity of the substrate is preferably,
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30 8 an organi c phosphorus paste for diffusion (for screen printing), and 9
denotes a diffusion agent (for. spin coating). [0049] First, a galliumdoped
p-type single-crystalline silicon substrate 1 is prepared (see FIG 3(A)).
The silicon 35 single crystal substrate may be one produced by the
Czochral ski (CZ) nethod or one produced by the floating zone (FZ) mnethod.

The resi stjyi he, subst r I S Pr o] X e .1.to 20
g2' cm pa%?%c%%%@ %éb.%'yoéé.%égg.éﬁﬂ ?%?EEP%§3€9 gbégh?gﬁ?bgrg%%ﬁﬁnce
sol ar cel For[pos@fciNexta thehspdstemtande psepareckels. i Mmersed in an 5
aqueous sehgshen of sodi um hydroxide to renpve a daneged | ayer by etching.
The renoval of danmages fromthe substrate may be carried _out by using an
aqueous sol uti ole&ft at8er 6HGSAFREAF L shERPAEePol AsSMUATRGHr dRi 8B. Besi des,
the same pYLEPESE §aMElsH He SbdaMedydYoHBdd 0t ANraivedUs Sahakdé@n of 1o an
acid such_as a mxture. of h rofluorkﬁa%&jgimjth nitric acid. 005%]
The subst}3¥%r1b%a9Fﬁ%l%%deé35h§ﬁﬂ%¥ g &g T8 f FRAETHRTE random
texture. dédNobeatéyriadsobarbretding o cdeuabty p6Dvi ded of td atragged
shape in | r ) | . ip. that . | rder..t o reduce
LiRa Y L@Sﬁl%JP§%£§§§£Ehf¢£§¥$£hé£‘ %gﬁﬁé th%(g‘a

reflectance in visi fon, re i'on shou eEBffec WO Or nore
times at phepPsghtaneebivi by atitdbeed Theusine i auedowd pebjietedons in

the ruggedn20-patL8EN HBYa bRi RPOHL Jr t0y 200 k1 M rIYPASRE SXBNDLEE A the
rugged surface structure include V-grooves and U grooves. These can be

formed by2@tftizing a grinder. In addition, a random rugged structure can
be producedobyjwet etching through i mersion in an aqueous sol ution

d by addj 25 i | . al cohol di h i de, t tively,
Phe r andom r uggSASsPPRELOP6 oo hn B8 REy HRHCBYoHE: GPE: BATAAC PSRBT GerTon
etching ofothed|wkeh anr&h@3n deabarsd, texture structures formed on both
surfages are omhifds 1§l NGeshhgy ALe1SOsThREreBRb0958 ovidea with a

rugged shape in its surface. The reason lies in that, in
order to reduce reflectance in visible region, reflection
should be effected two or more times at the lightwreceiving

surface. The size of each of projections in the rugged

20 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 1n an agueous solution prepared by adding

25 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.

30 [0052]

Next, a two-stage {(two-level) emitter composed of a
high-concentration diffusion laver 2 and a low-concentration
diffusion layer 3 is formed. The high-concentration
diffusion layer is formed by printing the above-menticned

35 organic phosphorus paste for diffusion 8 by a screen printing
press, followed by baking (see FIG. 3(B)). The
low-concentration diffusion, laver can be formed by spin
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Next, a two-stage (two-level) emtter conposed of a high:=concentration
diffusion layer 2 and a | owconcentration diffusion layer 3 is formed. The
hi gh-concentration diffusion layer is formed by printing the
above-nenti oned 35 organi ¢ phosphorus paste for diffusion 8 by a screen
printing press, followed by baking (see FIG 3(B)). The | ow concentration
di f f usi oncodyey sadibiusdomesgdyt sppn spbatcogtngli § foshoaingent for spin

a9 g ! . o 31 retd
Ere | 300 PReEpRbEgs LRICORIRE L oR oK P A L RoR AL PRRR. KSR R &
product i ofc ptocedsbengudeEiunben vipedt bbealnemy o¥ee FECcohttt; Swckace

recombi nag i PR ALCPL BRI pRE &8s Odndied i gLt reeei it sk iRgeohhpn the
el ectrode area and reconbination inside the emtter are restrai ned, whereby

phot 0%l eE?? FRCEonTRFERGH BFFRY BRI eAn2 e Bt e?2S [ 9D55FC 10Anot her
enbodi mentig@htthecProcesssOffdos ningnt bieet AD=St A@H: e éd esindS a process in

whi ch both the high:concentration diffusion_layer.and the |0 ncentration
G £ st ort PEOBP L ATEL 00 Fot b BT oS pFPR rg YRR Tredr YRSERET gan ¢
phosphor ushpasteléotrid défivessbrnfeffiotianay tde e gbhlcancedtrati on
diffusion[5§y§§ is printed in the formof a plurality of lines or dot
patterns on a p-type sem conductor substrate, and then an organic

phosptor us pasténpéheai?ﬁﬁ@ﬁéﬁaﬂérOﬁoﬁﬁﬁnérpﬁésPoﬂfcgﬁ€@ﬁﬂﬂagpén di f fusi on

layer is ppbntesg80emsttr MBkes 20r6885aCinWhhcRtvbeastna part of the
or gani ¢ phosphor us

( aste for_diffusion for form the hi gh-conceniration
di 1 usi o TEYBrORRSN CPALI Boeh SHPFIRN LBYER RAnT COntET B SOREEF Rt e 1.
Then, thedsfibssfabelavéh ahe foomkindg sErpbosphbstisngastes for diffusion
printed thereondi ' d heat. 25.tr t : In this case,
Sﬁgggﬁgkgiign %ﬁe%r?gﬁac %hﬁg?%hgﬁg baste ngr

t he content of orus organic-p orus*paste r diffusion for
formurg thefhighosoheenfeaning théfutvbnebagentist peef @ifbhyiabt L4¥ES t han

two ti _ﬁesi%hﬁxgﬂﬂé&ninofch@hﬁépﬁowsaiﬁlﬁfﬁls?{ga&%clj?&egheﬁpa@fus paste for
di ffusion for tormng the | owconcentration diffusion |ayer. [0054]
By utilizZPAEterbhePRofeP of YRPeSaBbTelARAEPENEUPHETRbBYS, 2hfRethen an

hi gh- concengsat &opndsphashonphayer sandat Peusion 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 phosphorus pastes
for diffusion printed thereon is subjected to a heat

25 treatment.

In this case, the content of phosphorus in the crganic
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

30 phosphorus paste for diffusion for forming the
low-concentration diffusion layer.
[0054]
By utilizing either one of the above-mentioned methods,
the high-concentration diffusion layer and the
35 low-concentration diffusion layer can be formed, with a
surface concentration difference secured therebetween. In

addition, the heat treatment is required only once for
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35 lowconcentration diffusion |ayer can be forned, with a surface
concentration difference secured therebetween. In addition, the heat
treatnment is required only once for formng the two-stage emtter, so that
a hi gh-performance solar cell can be obtained notw thstanding the very
simpl e process. [0055] 5Next, junction isolation is carried out using a

pl asma etﬁnfmgn§ysmentw¢nst@@e @mﬁ@ess 1) ﬂmﬂeratmmgmepefmommﬂmﬂqation of
pl asma or_ aglcal %hgel$ &eﬂv £k§§%ég.e ortgg %f face t he
sanpl es ar e s?ac? in i eondi T I"on, es ar e che amay by a
few 10 mpromesers. [0056] Subsequently, the phosphorus gl ass

f or med on; %@gsfurface is etched by hydrofluoric acid, and thereafter a
nitride film4 as a surface protective filmis dep05|ted on the emtter 15
| ayer Sby usi ng He#itredtinptashanienhahten tvD-aysieth OALsUFiasl @ PhRekhess

for the nétehdegfiysrdmis 160 ttrg_sltg&oraessm rme dﬂaexmﬁd ipdevdritm 4 is nmade to
function al so as an anftireflective f exafﬁﬁgs of the,

antiref| eREPCETRHI R i Akl BHRSEA %&l%ﬁé*??}ﬁ Ept?%%n o He ¥ Y m a zinc
oxi de filsurfateno20tioxi teckisurfate, , tidi cdmpres rept aceadited Bes) des,

ot her exaggégs gédigfoﬁllgﬁ50£gagg gg%rgghﬁggléﬁﬁk éirg ghasna enhanced

CVvD net ho coa net h vacuum evaporati on c From t he
V|ewﬂ@|ntme¢r@m©h©ny it is preferable to formthe nitride filmby a plasna
enhanced Ly get hod. 25[ 0057] Furthernmore, when a condition for

mnimzing the total reflectance i s provided_on the above-nentioned
antireflective PRPAPIFERtBkanple PRATERCEVFI Bhrfgy FAGNES r &F r B | S 5a56ex

froml toi2 steled@@ ﬁmmmmdl htuari gegfiherdsrdfear nedhiariihe £30m
antirefle tive fil a further |ned and t he

4 m% %ng in reflecgfn i.S att.
gener at ed c%ﬁr%ﬂﬁu &1 879 C&&H& syl 1S AepoS{ astgllngFudlng
al umisum laper éxanpdisg ies ddpplcitedliembhenbacked WTVacey dhenusi Agsal isgrleen
printing |} aweq g r{h S e i ng press
and 35 a g%%%é%%gQZé eIeé?%SSEXBEtFe?ﬁ %r?%t?%gfﬁggﬁe%&gn%%ggglg%%rode IS
printed onlthidg aﬁi:i’emsl"de“LS Ff@ldleo\‘&@dfbycmw nglsqhes BSF amdyiciei5 ecs iver med by

the firing;shepoahber ekBRpPEL NbE NEhOfaIWEMNWRLive £ilm include an

oxide film, a titanium diowxide film, a zinc oxide film, a tin

20 oxide film, etc., which are replaceable. Besides, other
examples of the f£ilm 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.

25 {0057}

Furthermore, when a condition for minimizing the total
reflectance 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

30 antireflective f£ilm, a further lowering in refiectance is
attained, and the generated current density is 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

35 a comb-shaped electrode pattern printing plate, an Ag electrode
is printed on the face side, followed by drying. The BSF layer

5 is formed by the firing step after the printing of aluminum.
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[ 0058] In this case, utilizing an alignnment nmechanism the
conb-shaped electrode is so printed as to be |ocated on the part where the
phosphorus paste for diffusion has been 5 printed in a striped pattern.
Thereafter, firing is conducted according to a predeterm ned heat profile,
wher eby the back-side electrode 6 and the face-side conb-shaped el ectrode 7
are formehoslde nmethod for formng these electrodes is not limted to the

i 0 above-nentioped _printing nethod, . for exanple, a,vacuum evaporation
method. a sput tEFi RS RoEROY- ARG-ENELT PKEn cANLares b SRR Edn Che

Accor di ngtonb-estsapeat €bdttmsdshownse pFElGed gantdeberboerteel byn attsd npl e
techni qu [ f S} ucing a

| arge nu aégrnéo‘%p‘%%le ts% a]?h%ée gr]g%%g%%\%e,P%ﬂea%%%%ggﬁé%/h@é%gste for
di ffusi ore¥sntgplivde byt prpad i PYEGICR he substrates sequentially and

continuously. 2@1bg-getgen BhkRhyNgsPLeheuysed hBEo£AREENHOUE printing in
thi s manner woul d undergo heavi er_cl oggi ng of the nesh qg;nlngs as_the

number of PESHRLTIIRRE PRRT cRseE em FHRY o RanP 2 h o Hh ot S Pid% % or

di ffusi onaagcttidli fg-d oOsihe Pomseftiapy edii ¢ Ohrade aboyes desaneded The used,
however, the 2 unber_of tipes of continuous, pringi ossible with a
singl e sé?%‘gfhoir?%f iﬁ%rrfﬁ'%? emg%%e b%feg?%%? ‘?/si jﬁ%rrcljc\"'/‘éd%‘| %rs‘f%ec% é)%et%er gani c
phospivor usbasimesritioned f psinnihasneative&coseot yexampiol | abvacewna desired

vi scosi ty g thout; Yndergobag i nilyences of Robieat il ty;on viscosidy and
i s excel I%‘)rl\gté 30 |3ﬁ&gt a%?’lqel)til of Li):ontl nuo%s pri ntiarllg. EXAIVPJI"_ES 0060] Now,
the presdm 34RREFR4on will be specifically 35 described bel ow show ng

Exanpl es and CoapabakingiFxaapkgsarbub1ihasi Buenhi @A Fsgnot bhAibed to the
Exanples'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
seguentially and continuously.

20 . 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

25 ﬂumber of times of continuous printing possible with a single
screen printing plate can be greatly improved, since the
organic phosphorus paste for diffusion has a viscosity
controllable to a desired viscosity without undergoing
influence of ambient humidity on viscosity and is excellent

30 in stability of continuous printing.

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

but the invention is not limited to the Examples.
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(Exanmpl e 1) <Preparation of phosphorus paste for diffusion> An
organi ¢ phosphorus paste for diffusion was prepared. by bl endi ng the
following materials. Doping agent (containing phosphorus) Phosnmer M (Uni
Chem cal ) and Phosner MH (Uni Chemical): 200 g Thixotropic agent (solid
matter) Paticulate silica (size: about 1.5 um): 75 g 10Thi xotropi c agent
(organi c pingdgide Poj yvinyl acetate (pol ynerization degree: about 500): 100
g Oganic sol'vent TMP (isobutylic acid 3-hydroxy-2,2,4-trinmethyl pentyl
ester) (boi'FrREFGAHCD A4 BPoSPIOTYS1PREF61FCT FLELUPHETY scosity of the

organi ¢ phosphoyus paste for diffusion o anpl e [epared as above was
meaour ed by viScohashic BhePRaTER opeBr ecket e Subhel et oSt e
about 50 ¥a.slevhking hehshfallowatmy ofatdeigast e at 25C was 20 20 S, and

about 130 Pas when the shear rate of the paste at 25C was 2 s. [0062]
(Exanpl e 2)DogProradénmh ofosodnineelnbodBiUsiury t he or gani ¢ phosphorus paste

for diffusiopyblgRded i fxaiphtchi)a 96l Bhoefll: Was (Bhodusedbuiyhe

process as described in the above enbodi nent of the process for producing a
solar cell. 200 g

Thixotropic agent (solid matter)

Paticulate silica (size: about 1.5 um): 75 g

10 » Thixotropic agent (organic bindar)' .
Polyvinyl acetate (polymerization degree: about 500): 100 g

* Organic solvent
TMP {isobutylic acid 3-hydroxy-2,2,4-trimethvlpentyl
ester} (boiling point: 244°C): 320 g

15 [0061]
The wviscosity 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 Pa-s when the shear rate of the paste at 25°C was 20
20 s', and about 130 Pa's when the shear rate of the paste at
25°C was 2 s™'.
[0062]
{Example 2)

{Production of solar cell)

25 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
30 gallium-deoped p-type single-crystalline silicon substrate

having a c¢rystal face orientation {(100), measuring 15.65 cm
square and 200 um in thickness, and having an as-sliced

resistivity of 2 Q-+cm (dopant concentration 7.2x10%° cm™).
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The substrate prepared in this case was a 30 gallium doped p-type
single-crystalline silicon substrate having a crystal face orientation
(100), neasuring 15.65 cm square and 200 umin thickness, and having an
as-sliced resistivity of 2 5-2cm (dopant concentration 7.2x1013 cm 3).

[ 0063] ¢ Besi des, as the nethod for formng the two-stage emtter,

t he foerr mgans was adopt ed. More specifically, first, the organic
phosphor us pasBes&ddwor adi thasharhaf fExahpiesigl thastprigitaed byiatscr een
printing, pre h n was conposed of lines of 150 min wdth
whi ch werlgé afofrénrege Q‘B{g Q}a% gﬁé{ C[2 mm The printed pattern was baked at
700 to 800C foMotevgasamrfupeélyanﬂrtshere@ef t@qaa_lm Ww@roageﬂ@teﬁ or spin
coating whi ch Gant gl ned =101 PRoSRRAY s REDE ax) de .ahd.p silaap al koxi de
was applied to the same sur ace y sp n coating under the condrtions of
5000 r prmranek - 15Tsecoridsed At ererheragpreresad ng, Ltirs substrate was pl aced
ina heap; §LeahTent, JUl NAS WasE @@sam ptabpeds af BE0G Lo 40.gynut es, - and
taken out o urnace 064]" The “sol ar_cel | produced I n Exanple 2 was
put to rrE@%‘{ﬁfélrré’ﬁﬁ btkshedt 7@6st%t%@r@céﬁ &¢r ot Her mpaptes hatnd he dif fusi on
paste pripted part fc@{%l%% Lhend %IC@BQI%”&E@Jm%”wﬁ%Et&fnta'm@dSheet

resi stance was 80to 0 Q@ sg. 20In addition, the solar cell was put to
meastt enéh@hfb?fph@ﬁﬂﬁeﬁ%rwl@ﬁgén@h%r%étlépﬂsﬁlé%@% EaQS@%%WsﬁﬁeF]ée under a
sol ar si ouhator 6Lk éﬂltne'a%hEYng LW Ry SRaLtikYBhs AM Isdfpoglghal ) . The
results are shown in Table 1. The values given in Table 1 are nean val ues
obt ai ned®hy MedsGPenent AFet he 2 56har aetlelli%t t€8 FOPSHEG sHPFar cell sanples

producedy; L 9065}, (Examp!@ <3kment furnace, was maintained at 880°C for

40 minutes, and taken out of the furnace.

15 [0064d)]

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 te 110 Q/sq.

20 In addition, the sclar 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 glven in
Table 1 are mean values obtained by measurement of the

25 characteristics for 100 solar cell samples produced.
[0065]
{(Example 3)

Further, continuous production of solar cells from a
large volume of substrates was conducted in the steps of Example

30 2 using the organic phosphorus paste for diffusion blended in
Example 1.

As a result, in the step of continuocusly performing
screen printing, printing of the phosphorus paste for diffusion
could be continued up to the number of times of printing of

35 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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Further, continuous production of solar cells froma |arge vol une of
substrates was conducted in the steps of Exanple 30 2 using the organic
phosphorus paste for diffusion blended in Exanple 1. As a result, in the
step of continuously performng screen printing, printing of the phosphorus
paste fo%o?& fusi on could be continued up to the nunber of tines of
printing o 530000, which corresponds to the useful life of the screen
printi ng (pbrataeatuve hiowarrdenéed to cl ean the screen printing plate. [0066]

(Conpar at i |§E%ﬁosLﬁl%k spLe Jg%iggf?% BHP%BQQEQEQP9Ste for diffusion> A

wat er - sol u phorus® paste usi on was prepared by bl endi ng 50

g of phosphori id, 20 vi.ny L . 200, f..silica, 200 of
& g&%% H00,.9 [%%cg%%_ Q baéflé?%}gj a1 £80s &P g

et hanol, and 30 wat er . . - viscosity of the
wat er> sobutbargshosphbrubsingastesfof widsbuston oficCorpar atéveExaapre 1

prepar ed. as,aboveywas JO JTeasured; by, a VLSLONBL ern(@spr Qauet, by .
BLOOKFI ELD). The viscosity of fhe paste was about 40 Pas when the shear

rate of fhebpaste at 25C was 20 s)(1, and about 100 Pas when the shear rate
of the paste aty,25 was;i2ySq=[ 0068, L5(Comparatinve EXampl 2k for

diffusion of Comparative Example 1 prepared as above was

10 measured by a viscometer (a product by BLOOKFIELD). The
viscosity of the paste was about 40 Pa's when the shear rate of
the paste at 25°C was 20 s™!, and about 100 Pa-'s when the shear
rate of the paste at 25°C was 2 s .
[0068]

15 (Comparative Example 2)

<Productlon of sclar 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

20 used to form the high-concentration diffusion layer.
[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

25 emitter. The sheet resistance was 80 to 110 Q/sg.

Besides, the sclar cell was pul to measuremenit 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

30 Table 1 are mean values obtained by measurement of the
characteristics for 100 solar cell samples produced.
[0070G]
(Comparative Example 3)
Further, continuous production of sclar cells from a

35 large volume of substrates was conducted in the steps of
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<Pr oduction of solar cell> For conparison, a solar cell was
produced by the sane process as in Exanple 2, except that the phosphorus
paste for diffusion that had been prepared in Conparative Exanple 1 was 20
used to formthe high-concentration diffusion |ayer. [0069] The
solar cell produced in Conparative Exanple 2 was put to neasurenent of
sheet resEgimpce Atuoih@rtipariatdand heth finsdpHofastgagrd ed part forned
as the Io&vjdicgnsczent 5 io$ Semitter. Tthe sheet resiit ance was 80 to 110

Q' sg. Besttes St Rt hteTett WHPHRE fesdliteneht of current-vol tage

characteristi csAsnaar@2s€lat mbsphiee es uadeof acsot anusuaily apert ¢mipng

i ntensity;. . tr . N J wn in
Tabl e 1. %%%%%%sngﬁh élgr?eégévl éjb%e&f?%%eé n!%eagr}?vg uesﬁ%gbfcgfne by
neasufenefRT AN e Ehat AR e i st ForeTool st ahe elumbsiingt fest et rded.

[0070] (Gormaadd Vér Bt ©2500, and the scredildh8{sifPPiuous,Preduction
of solar cells froma .35 | arge volune of substrates was conducted in the

steps of MExdipl T Y T SRty idbl e phosphorus paste for diffusion
bl ended ijodonparati ve Exanple 1. As a result, in the step of continuously

perform ng screen printing, severe i of mesh openings of the 5
screen printing plate was observed ;}t%igmnber of times of printing of

about 2500;—and—the—screen—printing—phate—coutdrnotbe—used—then—untess
cl eaned. |[0071] Table 1 Open-circuit |SBOTt-cirouit) . oo on _
current .. Fiil
voltage a . efficiency £
(V) en51gy (%) actor
{mA/cm”)
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)
10
{00723

From the resulis shown in Table 1 above, it 1ls seen

that no significant performance difference in characteristics

15 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 viscosity. When the

20 water-soluble phosphorus paste and the organic phosphorus
paste having comparable Initial viscogsities are used for
continuous 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

25 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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qben-ci rcuit voltage (V) Short-circuit current density (mA/ cnR) Conversion
efficiency (%9 Fill factor Exanple 2 (Organic phosphorus paste of Exanple 1
was used) 0.638 36.2 :

It is seen from FIG. 4 that the use of the organic
phosphorus paste for diffusion according to the present
invention ensures that printing can be repeated an
overwhelmingly larger number of times. Therefore, when the

5 organic phosphorus paste for diffusion of the present
invention prepared in Example 1 is utilized for production of
the solar cell, the production yield is enhanced to an
excellent level. Consequently, products sufficiently
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 foregeoing, 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 diffusion layers 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 isg

20 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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18.2 0.789 Conparative Exanple 2 (Water-sol ubl e phosphorus paste of
Conparative Exanple 1 was used) 0.632 36.5 18.2 0.791 10 .[0072]

Fromthe results shown in Table 1 above, it is seen that no significant
performance difference in characteristics 15 between the sol ar cel

produced in Exanple 2 and the solar cell produced in Conparative Exanple 2.
On the otderrdand, for conpari son between Exanple 3 and Conparative Exanpl e
3, FIG 4 shows the relationship between the nunber of times of continuous
printing and the paste viscosity. Wen the 20 water-sol ubl e phosphorus
paste andllhe oAgphbSppbnephpasﬁepﬁeredhﬁﬁhagonohnatabbeappliéalto a

viscositl f t pH9ﬁ§ r | r
vvater-sol etﬁ%r%é g%rgt% un er%o%‘%’tt en nfS c(ij{]fé to é(jde ar??]“%dﬁt ﬁ?lcati on
and bécorEe Lﬁ‘m*embebet%@iwwh‘?ﬁlmt@mt%fﬁ@ﬁ dsiedid o 2pmnT iringg about
2500 tings, weseas the organic phosphorus paste does not undergo a
significant change in viscosity and is able to be used for printing
permanent|y. & 4oping| pdpRtseeRtRiBATEI EPOAPRARESt AR fs&OBR2E hEC%r gani ¢
phosphor ushgasterioiomli fdpst on according to the present invention ensures
that printing can ge rggeated an_overwhe g Y | ar ger . nunber  of ténes.
Ther ef ore, when tF\ 1Xo OpLC agen containin n organic ilnder an a
10 solid matter: and
an organic solvent;
wherein the doping agent 1s an organic phosphorus

compound.

15 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.

20 3. The phosphorous paste fer diffusion according to claim

1 or 2, wherein the solid 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

25 acetate.

5. The phosphorus paste for diffusion according to any

one of claims 1 to 4, wherein the organic solvent lis a

high-boiling solvent having a boiling point of not less than
30 1006° C.

6. The phosphorus paste for diffusion according to any

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

phosphorus paste for diffusion according to any one of claims

1 to 6, the process comprising ccating a substrate with the
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5 organi ¢ phosphorus paste for diffusion of the present invention prepared
in Exanple 1 is utilized for production of the solar cell, the production
yield is enhanced to an excellent level. Consequently, products
sufficiently conpetitive in the solar cell market can be produced. 10Wile
the solar cell as one of sem conductor devices has been described in detai
in the fomm@@@mmmuéh@a@tQSE@t &Iﬁﬁﬁﬁidﬁlﬂﬁ fetedn Mt Bok i0g L hendgol ar cel |
Natural |y ic ph S ast e, for dlffu5|on ccording to the
present | nv%ﬂ??%‘h s 25 sookégg i cab ? %o %3%1?1 EHEoh dﬁct%? ”fL5agdevi ces in
whi ch di fdisienidaybasedi fferent in surface concentratlon are provided in a
pl ane. [0073] Furthernore, the present invention is not limted to the
above- descri bed enbodi nent. The above enbodi ment is 20 nerely an exanpl e,
and any one that has substantially the sane configuration as the technical
t hought described in the clainms of the present invention and that shows an
identical or simlar effect to the above-nentioned is included in the
techni cal scope of the invention. CLAIMS: 1.A phosphorus paste for
diffusion that is applied to a substrate by screen printing for formng a
diffusion layer on 5 the substrate, the phosphorus paste for diffusion
conprising at |east: a dopi ng agent containi ng phosphorus as a
dopant for the diffusion |ayer; a thixotropi c agent contai ni ng
an organic binder and a lo solid matter; and an organic sol vent;

wherein the doping agent is an organi ¢ phosphorus conpound. 15 2. The
phosphorus paste for diffusion according to claim
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1, wherein the organi c phosphorus conpound is a nonomer having a phosphate
group and/or a nmononer derivative having a phosphate group. 20 3. The
phosphorous paste for diffusion according to claiml or 2, wherein the
solid matter is particulate silica. 4. The phosphorus paste for

di ffusion according to any one of clains 1 to 3, wherein the organic binder
is polyvinyl 25 acetate. 5. The phosphorus paste for diffusion according
to any one of clainms 1 to 4, whereiRgthe,erganic solvent is a high-boiling
sol vent having a boiling point of not—tess™ han 30100C. 6. The phosphorus
paste for diffusion according to any one of clainms 1 to 5, further

conprising a S'bi§8ﬂo§é50¥bd§ p§55§h£ﬁﬁé°ﬁ§§§ef96rpaﬁﬁyﬁb98nat§9£aisCe'|
usi ng the phosphorus paste for usi on according to any one of clains 1

to 6, %t helHRHCHS CUTFR AT HPEYRI1HY A SUDRRYSRROTET PIHe® PHosphor us past e

for diffusiofidyorscseedn mwtranga @nobcsmlec@ﬂtgtim suhst Habepherasheat
Di sc osed is a ho§€horus

treatment_to form usi on e

bast e orP 9 aTbr e Pt oo @l dit, R Huctis ST Hhd Ft ot TG hor us
past e foroﬂldnﬁmmmm o ad Sup sem at s dyys By emmmmantmmg)os'rméa:p]m&ph:cﬁ us paste
for diffusi f A £ mdity
on vnsc05|t an 8 Eaggﬁﬁyposs&% %]%gﬁH% Illﬁlcgkemng even after aqﬂgfgg nunber
of tilfes }éﬁ“llé:‘bmg nudise E@O@ﬂhﬂq‘ﬁgl’@ﬁ@ pieas pHdit s igastie roatgidf Piskon is

coated ong@pStRstd a&;ﬁ @cyrééﬁeﬁﬁupﬂrﬂ%wa@ifﬁhéiwp&yé@yﬁrﬁ@gmIcﬁﬂ on
t he substrate. The % osph rus pas or diffusjion |ncludes a _dopi.ng agent

cont ai ni ngHhoSPhorase G5 RESiS R S AT FePn & répic
agent cona@ﬂ)ith@ga@én@rganntmﬂﬁn@lmlﬁfpm@ 5@Iadddﬂmmerfo:antd:«an organi c

sol vent . h }gent | Stﬁlxg{:_goag:{,g QQ&?Phc%H?a r?;\l:rrpé)u arl ‘organic

15 binder and a solid matter, and an organic solvent. The

doping agent is an organic phosphorus compound.
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