TITLE OF THE INVENTION Solar Cell and Method of Manufacturing the Same STECHNICAL FIELD
The present invention relates to a method of manufacturing a solar cell having passivation films
respectively on both sides of a semiconductor substrate, and a solar cell manufactured by the method.
10 BACKGROUND ART Crystalline solar cells in recent years have a pn junction type photodiode
structure, generally provided with a p-type semiconductor on one side of a substrate and an n-type 15
semiconductor on the other side. Most of such solar cells have had a configuration in which a diffusion

layer of a conduction type (n type) oppasite to the conduction type (p type) of the semiconductor
substrate is provided on the Iight-receiﬁ%e%@mﬁ%&an anti-reflection 20 film is formed
on the diffusion layer. sol&1GCkshowsanexaraplecdf thasectenal configutatiopfa solar cell
according to the related art in which a p-type semiconductor substrate is used. As shown in FIG. 1, a
thin diffusion layer 103 of a 25 conduction type (n type) opposite to the conduction type of the p-type
semicongluctor substrate 104 is provided onTReiyht-rdcerirgl.Burface side, and a silicon nitride (SiNXx)
film as an anti-reflectlxﬂﬂ gilmrleoszeiﬁ fomﬂ%d tf%%rggnrl adtdeitiork CgzIectrr]noedcr-iqsolc.%o10 ftor collecting
photo-excited 30 carriers dré provnlj;ed-L on the anti-reflection filh 132 At an interval of several
millimeters (armtdvakofrabout ®. Btd Bxmrg 10Onkthe otiterivand; careptcdlettien electrodes 107 are
D1y nameackalde fani B XL saxarsl il e Ao e atiieee < atliptes 101
and 107, silver (Ag) has oftén been used, from the viewpoint of conductivity. In addition, since the
solar cells havesto lzarfabeitateticatubw costdrhiy béde awobimen practice to form

10

BACKGROUND ART

Crystalline solar cells in recent years have a pn
junction type photodiode structure, generally provided with a
p-type semiconductor on one side cf a substrate and an n-type
15 semiconductor on the other side. Most of such solar cells
have had a configuration in which a diffusion layer of a
conduction type {(n type) opposite to the conduction type (p
type} of the semicenductor substrate is provided on the
light~receiving side, and an SiNx f£ilm as an anti-reflection
20 f£ilm is formed on the diffusion layer.
FIG. 1 shows an example of the sectiocnal configuration
of a sclar cell according to the related art in which a
p-type semiconductor substrate is used.
Ag ghown in FIG. 1, a thin diffusion layer 103 of a
25  conduction type (n type) opposite to the conduction type of
the p-~type semiconductor substrate 104 is provided on the
light-receiving surface side, and a silicon nitride (SiNx)
film as an anti-reflection f£ilm 102 is formed thereon. In
addition, electrodes 101 for collecting photo-excited
30 carriers are provided on the anti-reflection f£ilm 102 at an
interval of several millimeters {an interval of about 0.1 to
5 mm). On the other hand, current collection electrodes 107

are provided on the back side at an interval of several



s the electrodes by applying a conductive metal-containing paste in the shape of electrodes by a
printing method, followed by sintering at a high temperature. In addition, those regions on the back
side (p-type region) of the p-type semiconductor substrate 104 which are 10 other than the regions of
the electrodes 107 are protected (passivated) by a passivation film 105 composed of a silicon oxide
(Si02) film. Such a structure wherein an Si02 film is formed as a passivation film on the back side is

described innfon exarples JP-Axkl 0909 73%6: AbBesides: ae K02 filaris-eeramonty fosmedkythermal
oxidation. In this connection, JP-A H08-078709 discloses a method in which an 5i02 film showing a

good passivatioh’éfectiFforRRd L SRehfcat thiftent FehER P ASIBRSLBS 7867 and JP-A
2004-00656% each deseribesa methagkda 200 whichsam &2 isdormed-by toating= tolnsaddition,
WO 2008/0(?%9]158 disclosgs thaﬁgn aluminum oxide film is also effective as a passivation film for
p-type regions°X +CABEEHRS, JoUA H28 22051 17HiEcI85ES a ToRRJIAROR TR S5 Wicir ] Sifidh nitride

film is fosmed hs agpassivatioadilmoraasemiaonductensubstrate metMeanwhie,iniagent years, the

use of n-type semicondu %?r sugstrates s means for enhancing the efficienc crystalline silicon
solar cells hfsaﬁregeen fhlil/eg igeatg ?geee,% (r)?ree?(téjr:nopcgg,sJ A fo%%?é?ﬁﬂ%. Fr}m/et %O(é(ses of using such
an n-type seficdonoluetorisybstrates funkeragnraricegient @hphetoelectric conversion efficiency is
being desired. SUM éRangftEIg% INVEOI\gIéION 1;I'he O%re_ggnt |i§vent|on. as been made in

? . .y LT reqi K -t
consideration of the above-mentioned cwcumstangés?. Eccordmg@, it7s an Sojbject thé’Breesent

invention to pregiterd methadief matvfsctgdny asoircdaibyswhishaatadddistepaskivatien effect
and a hjgh PEB‘EE?SLG%%%.@O@{?%S'QQ fficigney: can be obtaiped yathoyp incres S'g%@%@%@é’e_r of
manufacturing steps, and a solar cefl manufactured by the solar cell manutacturing method. ioln order
toenhancetﬁ@@ﬁgkmmggﬂéCbmyagmﬁﬁsivation film 105 composed of a silicon

oxide (8i0,) film. Such a structure wherein an Si0, £ilm is
formed as a passivation film on the back side is described in,
for example, JP-A H09-087916.

15 Besides, an Si0, film is commonly formed by thermal
oxidation. In thisg connection, JP-2A HO0&8-078702 discloses a
method in which an Si0; f£ilm showing a good pagsivation
effect is formed by a chemical treatment. Further, JP-A
2003-347567 and JP-A 2004-006565 each describe a method in

20 which an 8i0; film is formed by coating.

In addition, WO 2008/065918 discloses that an aluminum
oxide film is also effective as a passivation film for p-type
regiong.

Besides, JP-A H10-229211 discloses a configuration in

25 which a silicon nitride f£ilm is formed as a passivation film
on a semiconductor substrate.

Meanwhile, in recent years, the use of n-type
semiconductor substrates as means for enhancing the efficiency
of crystalline silicon solar cells has been investigated (see,

30  for example, JP-A 2005-327871). In the cages of using such an
n-type semiconductor substrate, further enhancement of

photoelectric conversion efficiency is being desired.



efficiency of crystalline silicon solar cells, passivation (inactivation) of surfaces on the face and back
sides of a substrate is important. A passivation film for a solar cell substrate may be, for example, an
SiNx film, an SiO2 film, an 15 aluminum oxide film or the like. Among these exemplary passivation
films, the SiNx film is excellent in passivation properties for n-type semiconductors. The reason is
considered to lie in that the SiNXx film is positively charged. Therefore, while a p-type diffusion layer is
formed on 20 the light-receiving surfacgsideraf soFemiondNTEeRsobstirate in the case where the
semiconductor substrﬂ'ge is of the ntty e, for@atior?;[her%)n of an SiNx.film like the passijvation film 105
in FIG. 1 would not resut i that the SiNX Him fanctions Slﬁﬁé}eﬁﬁy as %1npacscsnl}/sajfio‘reﬁﬁ‘r%%8pthe p-type
25 diffusion layer:1@n Hiecothenband pae $i02 filwaad ancalegminamcexide filml are saidite Eneffective
in achieving B%sséi\é%ti%r%og%-etyper%es@icgndg%te%rl .io%secdoon trheég dfiend{ilnggsé tﬁ% gr%s;nt inventors
made 30 extengive and intensive inves%ga%ions and, as a regul?, havée ma etf € present invention as
follows.s  PRarididarbyin omer toattain theldbdve oftjéctascordigptosthe presentiavention, there is
provided a of manufagturing I I r.cell ufagtur %%;{ e tfg}% as
follows. [1] %?rfrﬁé:ﬁgd 0 %ha%nu%éﬁri% %C&S%%gg ée%%?r%u %&f tq-les?tge%s%ﬁﬂsg orc ingéga% INX film
over a secoreldnicisal svifeicewt ahntigrssemmicohdustombestaie fermiiard puype diffision layer
over a first

and a solar cell manufactured by the solar cell manufacturing

methocd.

10 In ordexr to enhance the photoelectric conversion
efficiency of crystalline silicen solar cells, passivation
(inactivation) of surfaces on the face and back sides of a
substrate is important. A passivation f£ilm for a solar cell
gubstrate may be, for example, an SiNx film, an Si0, film, an

15  aluminum oxide f£ilm or the like. Among these exemplary
passivation films, the SiNx film is excellent in passivation
properties for n-type semiconductors. The reason is
considered to lie in that the SiNx film is positively charged.

Therefore, while a p-type diffusion layer is formed on

20 the light-receiving surface side of a semiconductor substrate
in the case where the semiconductor sgubstrate is of the n
type, formation thereon of an SiNx f£iim like the passivation
film 105 in FIG. 1 would not result in that the SiNx film
functions sufficiently as a passivation film for the p-type

25 diffusion lavyer.

On the other hand, an 8i10; f£ilm and an aluminum oxide
film are sald to be effective in achieving passivation of
p-type semiconductors.

Based on these findings, the present inventors made

30 extensive and intensive investigations and, as a result, have

made the present invention as follows.

Particularly, in order to attain the above cbject,

accerding to the present invention, there is provided a



principal surface of the n-type semiconductor substrate after the SiNx film forming step; and 10forming
over the p-type diffusion layer a passivation film composed of an Si02 film or an aluminum oxide film.
[2] The method according to [1], wherein the thickness of the SiNx film is at least 50 mm. [3] The
method according to [1] or [2] may further include is a step of forming a texture on the first principal
surface of the n-type semiconductor substrate, after the SiNx film forming step and before the diffusion

layer formingrgtepod [4F Thernethedaecarding to.any ane of [LHa [3] mayurthaninclude a step of
forming an anti-reflection film 20 over the passivation film. [5] A method of manufacturing a solar cell,

including the @EPE 8 T S8 rhih e n R A Ry &F8Fer a second principal surface of a p-type
semiconductgn $ubstrteic25ferming amsilbeiauevedthe nsypsditiesian layes1aed fayming over a
first principal surface of the p-type semiconductor substrate a passivation film composed of an Si02
film or an aluffif&% &Xide film after the SiNx film forming 30step. [6] The method according to [5],
whereinghe thicknesgotming an SiNx film over a second principal surface

of an n-type semiconductor substrate;
forming a p-type diffusion layer over a first
principal surface of the n-type semiconductor substrate after
the SiNx film forming step; and
10 forming over the p-type diffusion layer a passivation
film composed of an SiC; fiim or an aluminum oxide film.
[2] The method according to [1], wherein the thickness of
the SiNx film is at least 50 nm.
[3] The method according to [1I] or [2] may further include
15 a step of forming a texture on the first principal surface of
the n-type semiconductor substrate, after the SiNx film
forming step and before the diffusion layer forming step.
[41] The method according to any one of [1] to [3] may
further include a step of forming an anti-reflection film
20 over the passgivation film.
[5] A method of manufacturing a solar cell, including the
gsteps of:
forming an n-type diffusion layer over a second
principal surface of a p-type semiconductor substrate;
25 forming an SiNx film over the n-type diffusion layer;
and
forming over a first principal surface of the p-type
semiconductor substrate a passivation film composed of an
SiC; film or an aluminum oxide film after the SiNx film forming
30 step.
[6] The method according to [5], wherein the thickness of

the 3iNx film is at least 50 nm.



the SiNx film is at least 50 nm. [7] The method according to [5] or [6] may further include a step of
forming a texture on the first principal surface of the p-type semiconductor substrate, after the SiNx
film forming step and before the passivation film forming step. [8] The method according to any one of
[5] to [7] may further include a step of forming an anti-reflection film over the passivation film. [9] A
solar cell including: an SiNx film formed over a second principal surface of 10 an n-type

semiconductgrygubstrate; metapdype diffusionlayer fymed:oves p fitst principalsuriaceieidbe n-type
semiconductor substrate; and | a passivation film formed gver the p-type diffusion layer and

composed ofar§f62 fﬂ% PR AR URTEHE Firi ™1 5tHE sofar Telfehiy i stturetf6y e solar
cell manufactilimgrmethed aceotdingdoanyonextdfdtjtocd]. 404 soles cellincluding: an n-type

diffusion laye formed, over & secand principalsurface of 2 -fupe semiconguctor substrate: 20an SiNix
film formed over the n-type diffusion’layer; an
5 [8] The method according to any one of [5] to [7] may

further include a step of forming an anti-reflection film
over the passivation f£ilm.
[9] A solar cell including:
an SiNx film formed over a second principal surface of
16 an n-type semiconductor substrate;
a p-type diffusion layer formed over a first principal
surface of the n-type semiconductor substrate; and
a pasgsivation film formed over the p-type diffusion
layer and compoged of an 8i0; f£ilm or an aluminum oxide filwm,
15 the solar cell being manufactured by the solar cell
manufacturing method according to any one of [1] to [47].
[10] A solar cell including:
an n-type diffusion layer formed cover a second
principal surface o0f a p-tyvpe semicenductor substrate;
20 an SiNx film formed over the n-type diffusion layer;
anad
a passivation film formed over a first principal
surface of the p-type semiconductor substrate and composed of
an 8i0; film or an aluminum oxide film,
25 the solar cell being manufactured by the sclar cell

manufacturing method according to any one of [5] to [8].

ADVANTAGEQOUS EFFECTS CF THE INVENTION

According to the method of manufacturing a solar cell
30  of the present invention, the SiNx film, which finally
becomes the passivation film, sexves as a diffusion mask
concerning the formation of the p-type diffusion layver in the

manufacturing process. Furthermore, the SiNx film serves as



a passivation film formed over a first principal surface of the p-type semiconductor substrate and
composed of an Si02 film or an aluminum oxide film, 25the solar cell being manufactured by the solar
cell manufacturing method according to any one of [5] to [8]. ADVANTAGEOUS EFFECTS OF THE
INVENTION According to the method of manufacturing a solar cell 30 of the present invention, the
SiNx film, which finally becomes the passivation film, serves as a diffusion mask concerning the

formation of the piypediffusiondayerdsthe marwdactudng gracessoruhermeregthe, SN flm serves
as an oxidation mask concerning the formation of the Si02 film or aluminum oxide film. Therefore, it is

possible to nfahufHeie R Co ¥ E8f havinG approphafepEssividtion ilRRT8pe&iveR on the face and
back sides ot sulEsitaiars witheut aeeddonadditianal esppeiabstepscThis premisessn enharced
photoelectric conversion efficiency, E}RIEF DESCRIPTION OF THE DRAWINGS FIG. 1 is a sectional
view showind & TBRfIGIrAT0H i6Bxarple 8F 5 sBIaF cBit ettt theTeiEF B2 te: FIG. 2is a
sectionat view shawing aseafiguratioadxabmple in adisetceimbodiment of the selap ceth ageerding to the
present inver(1etirglnl?é1 F(Ij%g. 3 53 3eF1%rce srchéarréatic sectional vig s showing 15 manufacturing steps in a
first embodiment of & SOIAT Ge Iomanu%c%uringor%\é%%%lggco? ingl]%efﬁlé:i?r‘esent invention, wherein FIG.
3A shows an n-type semiconductor substrate preparing step, FIG. 3B shows an SiNx film forming step,

FIG. 3C shows a p-type diffusio iayer forming SIaf Sl Co APk anes

FIG. 1 is a sectional view showing a configuration

10  example of a solar cell according to the related art;

FIG. 2 1s a sectional view showing a configuration
example in a first embodiment of the solar cell according to
the present invention;

FIGS. 3A tc 3F are schematic sectional views showing

15 manufacturing steps in a first embodiment ¢f a sclar cell
manufacturing method according to the present invention,
wherein FIG. 3A shows an n-type semiconductor substrate
preparing step, FIG. 3B shows an SiNx film forming step, FIG.
3C shows a p-type diffusion layer forming step, FIG. 3D shows

20 an 810; film or aluminum oxide film forming step, FIG. 3E
shows an anti-reflection fiim forming step, and FIG. 3F shows
an electrode forming step;

FIG. 4 is a sectional view showing a mcdification of
the configuration in the first embodiment of the solar cell

25 according to the present invention;

FIG. 5 is a sectional view showing a configuration
example in a second embodiment of the solar cell according to
the present invention;

FIGS. 6A to 6F are schematic sectional views showing

30 manufacturing steps in a second embodiment of the solar cell
manufacturing method according to the present invention,
wherein FIG. 6A shows a p-type semiconductor substrate

preparing step, FIG. 6B shows an n-~type diffusion layer



20 an SiO2 film or aluminum oxide film forming step, FIG. 3E shows an anti-reflection film forming
step, and FIG. 3F shows an electrode forming step; FIG. 4 is a sectional view showing a
modification of the configuration in the first embodiment of the solar cell 25 according to the present
invention; FIG. 5 is a sectional view showing a configuration example in a second embodiment of
the solar cell according to the present invention; FIGS. 6A to 6F are schematic sectional views
showing 30 mamufasturigesiepsirca secosthembagimentisf the selarceat imanyfastyringroethod

according to thngéesent invention, hfrein FIG, 6A.shows a I%jgtgp% Sfmi onductor substrate
S

preparing ste6p]? O¥B hdwd'ar n-ﬁ/prg oﬁﬁusﬁ%ﬁl rE’;iL)}lelf]‘mfotl;)r;i% BEERGWE BFPSiNX film
forming step FEIG. 6IF shawsanaBiO2:fitm-arefdmituim oxite fiimformingystepeblG .6E skaws an
anti-reflectior%plrgﬁ%r@nggt??gggr@g-. GFO%%OV}/}S an teéec.trodgc{orming step; and 5FIG. 7 is a
sectional view showing a modification 6fthe conjflg%ra%ionplh thé Second embodiment of the solar cell
accordirg to the preséatinvéntien. -DESCRIPTRHIN O THEPREKE RREOE MBGDIENFS 10Now,
configurations, of t t . cturing a _solarce ar cell according to resent
invention Wiﬂ%ﬁeédgg(%%ggi%vggé} lrlEs[t%E#f%%d ?rr?ecor%t% Sé@%d%%%%ct?gﬁa %ieevvé %r?c%vé n(g%t%g
configuratiorginepfiidi ambodiniéet ofthe sotariseitertedrding to the present invention, in the case

where the semiconductor substrate is of the n type.

DESCRIPTICN OF TEE PREFERRED EMBODIMENTS

10 Now, configurations of the method of manufacturing a
solar cell and the solar cell according to the present

invention will be described below,

First Embodiment

15 FIG. 2 1s a secticnal view showing the configuration
in a first embodiment of the solar cell according toc the
present invention, in the case where the semiconductor
substrate is of the n type.

As shown in FIG. 2, the sclar cell has a structure in

20 which a p-type diffusion layer (p™ layer) 203, an 8i0, film
or aluminum oxide f£ilm 206, and an anti-reflection film 202
are sequentialily provided in this order over a
light-receiving surface (referred to alsoc as "first principal
gsurface") of an n-type semiconductor substrate 204. In

25 addition, an SiNx film 205 is provided on a back sgsurface
(referred to also as "second principal surface® or
"non-light-receiving surface"). Further, current collection
electrodes 201 and 207 corresponding to positive and negative
poles of the sgsolar cell are provided respectively on the face

3¢ and back sides of the n-type semiconductor substrate 204.

Here, the anti-reflection film 202 is composed of an

SiNx film.



As shown in FIG. 2, the solar cell has a structure in 20 which a p-type diffusion layer (p+1 layer) 203,
an 5i02 film or aluminum oxide film 206, and an anti-reflection film 202 are sequentially provided in this
order over a light-receiving surface (referred to also as "first principal surface") of an n-type
semiconductor substrate 204. In 25 addition, an SiNx film 205 is provided on a back surface (referred
to also as "second principal surface" or "non-light-receiving surface"). Further, current collection
electrodes 201 and 20%ogespendiag 10 pesitive anddregative poles.afithewsalareaiarggprovided
respectively on the face 30 and back sides of the n,—tgge semiconductor substrate 204. Here, the

anti-reflectio it 20858 toMpoed o AR SRR 9° PRARCSIEF bEH hafing ‘&ich ¥ ctional
structure as alfae=memntioned exbibits iechighmphofdelectric xoaverstoreefic@encyr sicadhewiNx film

205 and the gioz or aklurinin m xide filgm 206 function as %ltssivatignlfilms on tr}%b%é:k %nd face sides,
respectively. ©“fhe Soffr et confiurad s shdwit in FIG: 218 mantiacitPed; 1or 825hpf Dy the

steps shown fia &4Gs3ddew, thessteps ik be described below referring to FIGS. 3A to 3F. Incidentally,
in FIGS. 3A to 3F, Iayﬁ{(se cgg?gr%org:dl Itho thzlo components of the ggla%%{%ll of FIG. 2 are denoted by

the same reference signs as used In qfri tle%uﬁe n %Csd-cﬁ?gmréle-crys Iinez{ljo‘q()} n-type silicon

sqbstrate (heremafter treferdd td shm@yasp%apsﬂnazte‘@@%l&pbtamwmy dopm@(ﬂgt}puriﬂpmucon
with a Group,y, glement such-as %@%‘&%@%@ﬁo@’e&i&% C%%dé%%%%%lego %%V%i’éﬁ?"sﬂ‘i{ty PGLto5
The slicin the's

0.cm has slicing damages on its surfaces. g damages on urfaces of the substrate are
subjected to anwitcling aklymentby U6€ of 3F20highftonkagaisorr alkat sbtnidhnguctpas sedium

nvaroxige or Eaigssium dydipxids, solullen .4 congentiation ol lo GLUAPRO1g mixed acid of
hydrofluoric acid and nitric acid, or the like. The single-crystalline silicon substrate may be produced by
any of a CZ #r#fod-@Rehrdlski et d} antefoF Z 25Fh6thod (floating zone method). Furthermore,

a
[Step 1]

An as-cut single-crystalline {100} n-type silicon
substrate (hereinafter referred to simply as "substrate'"} 204
15 obtained by doping high-purity silicon with a Group V element

such as arsenic or antimony and conditioned to have a

resistivity of 0.1 to 5 Q-cm has glicing damages on its
surfaces. The slicing damages on the surfaces cf the
substrate are subjected to an etching treatment by use of a
20 high-concentration alikaii sclution, such as sodium hydroxide
or potassium hydroxide solution with a concentration of 5 to
60 wt%, or a mixed acid of hydrcfluoric acid and nitric acid,
or the like. The single-crystalline silicon substrate may be
produced by any of a CZ method (Czochralski method) and an FZ
25 method (floating zone method). Furthermore, a
polycrystalline substrate may alsc be used, without any

problem (FIG. 3A).

[Step 2]
An SiNx film 205 is formed on the non-light-receiving
30 suxrface (back surface) of the substrate 204 (FI&. 3B). The
SiNx film 205 not only functions as a passivation film but

also functions as a reflective film for reflection of



polycrystalline substrate may also be used, without any problem (FIG. 3A). [Step 2] An SiNx film 205 is
formed on the non-light-receiving 30 surface (back surface) of the substrate 204 (FIG. 3B). The SiNx
film 205 not only functions as a passivation film but also functions as a reflective film for reflection of
incident light inside the substrate and as a diffusion mask and/or an oxidation mask in the subsequent
steps. The thickness of the SiNx film 205 is preferably 50 to 250 nm. When the thickness of the

SiNx film 205 isdaelewt50 Aam it maybednppssiblesorabliain apassivationaeffaci ©f amasking effect. If
the thickness is more than 250 _nm, on the other hand, the effect of the SiNx film as a reflective film for
reflection of ARAERT li§ht iRSiuE e [tblFate may baToRBhiE ISdentiiy Rfe thickness of the SiNx
film 205 10 and the likt.canbedreasuredbyrar ellipsameiernan etecironeleckesaope aothedike.
Furthermore film thickness can alsq be estimated to a certain extent by visual inspection of color
tone. In addiﬁ?n, the SiNk fiith f%? igf%?‘rﬁ]éﬁ%ﬁsa If%g ((§nleNrﬁic%)l(l\}e‘glpozr%dseploﬁit%%%??ﬁfetﬁgd using a
plasma enhamced GV Dasystesn dmtheslikco s reactasit gases: inpthesGVBrproneses, faemixtute af
monosilane (msai.HA')l

.and ammonia (NH?3) is often.used, but nitrogen can also pbe used in place of NH3.
Besides, the regéaﬁggggeﬂsg r%%y bzygdr%%e Wﬁﬁﬁﬁ@%?osgeﬁ fc‘ﬁ%ﬁg 2%h€lﬂp§§8 o?%bnfrg)(r)’lli(;ﬁ%?he
process pressuleandandilutiigthefreactant Hasks, andifor fiflmthesparposéisfprameting ive bulk

passivation effect for ate 204 in.t se. e.polycrystalline silicon.i ed as
substrate 20931;.8 A§s gerﬁg%iydgf%%efcﬁaﬁgﬁlﬁgtﬁgfrgé a%rt éggs)igjéél% tr%1 %\%lgggplf%ggss%, %t%%ly the
above-mentidgeg prdma Enhadesd VY butilso tthéphale®eD ohdtbeereliced CwD 26l the like

can beysed, g Affer thadormation of the, Sibx fim, fogpation gt misite Lygoedness cajled texture is
preferably conducted. In this case, the protection by the SiNx film"205 prevents the
electroscope or the like. Furthermore, the f£ilm thickness
can also be estimated fo a certain extent by visual
inspection of color tone.
In addition, the SiNx film 205 is formed by a CVD

15 (chemical vapor deposition) method using a plasma enhanced
CVD system oxr the like. As reactant gases in the CVD process,
a mixture of mconogilane (SiH,) and ammonia (NH:;) is often
used, but nitrogen can also be used in place of NH;. Besides,
the reactant gasesg may be admixed with hydrogen, for the

20 purpose cf controlling the process pressure and/or diluting
the reactant gases, and for a further purpose of promoting
the bulk passivation effect for the substrate 204 in the case
where polycrystalline silicon is used as the substrate 204.
As a method for excitation of the reactant gases in the CVD

25 process, not only the above-mentioned plasma enhanced CVD but
also thermal CVD, photo enhanced CVD and the like can be used.

After the formaticn of the SilNx film, formation of

minute ruggedness called texture is preferably conducted. 1In
this case, the protection by the SiNx film 205 prevents the

30 texture from being formed on the back surface of the
gubstrate 204. Therefore, the surface area of the back
surface of the substrate 204 is smaller than in the case

where the back surface is textured. Thig ig effective in



30 texture from being formed on the back surface of the substrate 204. Therefore, the surface area of
the back surface of the substrate 204 is smaller than in the case where the back surface is textured.
This is effective in restraining photoelectric conversion characteristics from being lowered due to
recombination. The texture formation is an effective method for lowering the reflectance of the
solar cell. The texture is 5 produced by immersion of the substrate in a heated alkali solution

(concentratiope ddea10:wik%, taneperatuser6Q (o 460Gy B sediuamhydiexide : petassium-bydroxide,
potassium carbonate, sodium carbonate, sodium hydrogen carbonate, or the like for about 10 to 30

minutes. A pRSIERSHREE Sro S0 bP 2357 655Rd8 bHeR dissolved in the alkali solution so as to

accelerate the reactiomdneidentally, thetexvie-formation redy,dtrecassaat hecarsed out before the
formation of the SiNx fiIm.ﬁgte 3].15After the formation of_the SiN)l< iim 205, a p-type diffusion layer
203 is formed BRGhETExtIHSd ST AT iGHt-redGiviTy - Shiscie side ofthe %ﬁﬁ%ﬁ’f‘&% 204 (FIG.
3C). The: formatian: ot theog-typerdiffasion layerc2@3 sutandoates hy.use néawapon phade diffusion
method using BBr3 as a 20 diffusion source. Specifically, the flow rate of a carrier gas.is so controlled
that the conCERI AR ot B ST BE DL TS oI ot Hher, SS6ER T A0 MG R a smiler
concentration farforming @ bdronnglagsivnxthiSegapatoeesphere, laydeattiedment isseenducted at 850

to 1050C 25 for 5 to G%min tes. In_this case, since the -SiNx film_.205 has? en formed on the back
side of the SLfbasrt?%lct}g 204! thglso ﬁl%ﬁl?un%%gng ré%staedif ugficﬁlurtﬁaéﬁfdzrﬁ&%t}y (grjfngaot%%tgf’a Cﬁ-rtype
diffusion layetlon thédvackesidesoprieveéteth BEgides e formdtiopusfdhé eriypeaiffusiontdyer 30

203 may,alsq, Pefgé@ég‘%qo@ 3 ethed whefein 4 ¢oating laygr.cafgining bamnagg diffusion
source Is formed over the
to accelerate the reaction. Incidentally, the texture
formation may, if necessary, be carried out before the

formation of the 8iNx film.

[Step 3]

15 After the formation of the SiNx fiim 205, a p-type
diffusion layer 203 is formed on the textured surface on the
light-receiving surface side of the substrate 204 (FIG. 3C).
The formation of the p-type diffusion layer 203 is conducted
by use of a vapor phase diffusion method using BBr; as a

20 diffugion source. Specifically, the flow rate of a carrier
gas is go contrclled that the concentration of BBr; will be
0.1 to 5 vol%, and, further, oxygen is also mixed in a
gimilar concentration for forming a boron glasgs. In thisg gas
atmosphere, a heat treatment is conducted at 850 tc 1050°C

28 for 5 to 60 minutes. In this case, since the SiNx film 205
has been formed on the back side of the substrate 204, this
film functions as a diffusion mask, whereby formation of a
p-type diffusion layer on the back side is prevented.

Begides, the formation of the p-type diffusion layer

30 203 may alsc be performed by a method wherein a coating layer

containing boron as a diffusion source is formed over the

whole surface area of the substrate 204. Specifically, the
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whole surface area of the substrate 204. Specifically, the coating layer is formed by brush coating, ink
jet printing, screen printing, spin coating or the like, followed by a heat treatment conducted in
conditions similar to the above-mentioned conditions, whereby the p-type diffusion layer 203 can be
formed. Subsequently, the glass formed on the surface of the substrate 204 having undergone the
heat treatment for diffusion is removed by use of hydrofluoric acid or the like, followed by washing in
an acidic aquesuisisodutionef1Q BydroehlodiCiagith suburie agighi hifric agid, o&Hugrenitrieagid, or a
mixture thereof. From the, viewpoint of economy and efficiency, washing with a hydrochloric acid
solution is prERHTE: FSt BRhaNing THAnITIEES, tHE vedsHTRL ikl e oo RHLRTRE By Ainfxing Ahe
hydrochloric agida¥meealtutionndihc@. 40 Hwtdoef hydrogendgiaratide and heating at 60 to 90C. [Step 4]
An Si02 film or aluminum, axide film 206 is formed in a thigilfne% of abgut 5 t%S(I)pm pn the p-type
diffusion Iayeé} 503 6t %%Ov%gs ed Substrate fFld\{ ) e 'Sif2 Rim 208 can'oe formed by a
thermal exidatioremetticd, @€ VBemethotk @n oxide film coating method, or the like, among which the
thermal oxidation me 1?195% (%refe{;rfd foghggtairiig% gxgellent assivgtril%n char],'f-lcteristigs.tggecificalIy,

the substrate 204 25 having un(:jqnergafrie {he treatments m @?ep o ep §1flsrpl%%%d?n a furnace

provided withsairokygée affésplzeréray 7@0de 1g00GC tard adwat treatmtienmnna tiiscondition is

conducted fo .minutes, I igh- ity 5102 filmp 4 ned IS ] ce, since the
SiNX film 205(5!?;5,9 goé%]fggi orrﬁ\%gl oﬁ%ﬁé%%ceés%?g ?ﬁ]'}z&s%‘lﬁ)rgti%% %%,%é%n?a%ﬁ%%%n%%% film on
the back sidefedn-begitevantedshing Gmtlinother hafdatiecaiinirmm okidefilmt206 can be formed,

for example, joy. & vapor deposition method; a,sputtering mefhod.;a GYR method, or the like.

Particularly, an ALD (atomic layer deposition) method, which is one of CVD methods, is preferred
because excéllertarsiaiion tharhctEfstitsTEERIBE BbidifitEhEreb¥ WA lE e RLEI@ENY is thus

preferable, it ig-disaduantaogaus iethat the coveripgefficiency &S%higpébakmemgaa@ama of
material to other areas than the desired film formation 10 surface would occur to a very high extent. In
the present iffehilohCRoweveE e SIRLFIlmED5 Rkl ohife DRk sida 6Ethe Sbstrate 204 can

prevent formatim ofhan alminen:exide S ONHeLacksSidR the hydrochloric acid

15  sclution with 0.5 to 5 wt% of hydrogen peroxide and heating

at 60 to 20°C.

[Step 4]
An $10,; film or aluminum oxide film 206 is formed in a
thickness of about 5 to 50 nm on the p-type diffugicn layer
20 203 of the wasgshed substrate (FIG. 3D). The S5i0, film 206 can
be formed by a thermal oxidation methed, a CVD method, an
oxide film coating method, or the like, among which the
thermal oxidation method is preferred for obtaining excellent
passivation characteristics. Specifically, the substrate 204
25  having undergone the treatments in Step 1 to Step 3 is placed
in a furnace provided with an oxygen atmosphere at 700 to
1,000°C, and a heat treatment in this condition is conducited
for 5 to 60 minutes, whereby a high-quality Si0; film is
formed. In this instance, since the SiNx film 205 has been
30 formed on the back side of the substrate 204, formation of an

Si0, film on the back side can be prevented.
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[Step 5] 15Next, an anti-reflection film 202 is formed on the Si02 film or aluminum oxide film 206 on
the light-receiving surface side of the substrate 204 (FIG. 3E). Here, like in the case of forming the
SiNx film 205 on the back side, a plasma enhanced CVD system is used to form an SiNx film or 20 the
like as the anti-reflection film 202 in a thickness of 50 to 80 nm. [Step 6] Subsequently, a current
collection electrode 207 is formed on the back side of the substrate 204, with the SiNx 25 film 205

therebetween, and a curremecallestion elaetrpde R0 1Hs farprthonicibigftireaeying suifage:side, with
the anti-reflection fiIg\ 202, Si02 filﬁ]wjaor aluminum oxide film 206 therebetween (FIG. 3F). The current

collection eletft68ES 20t Fnd ST Riay b iorMmeld Rt exdrte 1y & VaP&i-36 depssition method, a
sputtering method & ptintinghetethdad os thevlikenstrhong thesetmethotise prefeasret feam ke conomic

point of view are printi ethods such as ink jet printing andhts;c een printing. Specifically, onto the
back surfaceasrlldéEg %rgdr}%é@ ﬁghjtgres%:%?(}?nrg é&r%)]csélsgl e %QT the g’u Sstraté gbﬁ egvlsngogeeer?aéugj%e%ted to
the treatmentsdhl8tdps 1ie 3yeedonduetlvépastiessrepared By dispessirg patticutates of a S metal

such as Ag in.an ic solvent is applied by printing.in electrode patterns, follow drying. As for
the shapes of the é%%%g&eg E{éi%rn%ﬁ?i% %rec%%a% é{] 'f%dr tﬁ%%cﬁre?gxf co Ié%(:ltrgér:l cekll'gc‘?tro ?’201 on the
light-receiving'stifade siletiose formeetinlaleomb todth shiapedOnmrthedtiershand, theto theent

collection 3'6889%%%95 %@f&%%c%}‘rf@&es%d%ﬁ% Wﬁ@nﬁﬂﬁ’f‘ﬁ us shapes;Jer example, the

current collection electrode 207 may be formed to cover the whole area of the substrate back surface,
or may be foffRéciniihe San@EbRD BBERShaPEas e cdeaittoiettldmeltetioads Do 15 on the

light-receiving sudaee side, o may-he farmed ipa-grid shape.the,printing is-folloyed by,a heat
treatment at around 600 to 900C, thereby sintering the Ag and causing the silver particles to penetrate
(fire-through) th& @intidreflectisivRie P02 A SINDEfilrR120%, A8 thesiggl on the back side

of the substrate 204 can prevent formation of an aluminum

oxide film on the back side.

[Step 5]

15 Next, an anti-reflecticn film 202 is formed on the 510,
film or aluminum oxide film 206 on the light-receiving
gurface side of the substrate 204 (FIG. 3E}. Here, like in
the case of forming the SiNx film 205 on the back side, a
plasma enhanced CVD system is used to form an SiNx £ilm or

20 the like as the anti-reflection £ilm 202 in a thickness of 50

to 80 nm.

[Step 6]
Subsequently, a current collection electrode 207 is
formed on the back sgide of the substrate 204, with the SiNx
25  f£ilm 205 therebetween, and a current c¢ecllection electrode 201
ig formed on the light-receiving surface gide, with the
anti-reflection film 202, 8i0, film or aluminum oxide f£ilm
206 therebetween (FIG. 3F). The current collection
electrodes 201 and 207 may be formed, for example, by a vapor
30 deposition method, a sputtering method, a printing method or
the like. Amcng these methods, preferred from the economic

point of view are printing methods such as ink jet printing
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20 film or aluminum oxide film 206, whereby conduction between the electrodes and the silicon
constituting the substrate 204 is established. Incidentally, the current collection electrodes 201 and
207 may be sintered separately or may be sintered simultaneously. 25According to the manufacturing
method of the present invention as above-described, it is possible to manufacture a solar cell having
the SiNx film 205 and the Si02 film or aluminum oxide film 206, which serve as appropriate passivation

films, respectively eptbe hagk andifage sidesefidq the sybstigte 204:as shovwn Bl s also, itis
possible to attain an enhanced photoelectric conversion efficiency. In addition, the SiNx film 205,

0

which finally BEESMBER pakSivatidn e SbihBd af Ah'Esry S4g€ oPthe™ MariRShHAG Process.

Therefore, the @iNx#h)Soeam semejasca d@attvertimask during e teituretfepnatior eongucted

later. This makes it aosgcible to rest{[ain the I\E%)hoto I%ctri conversion characteristics of the solar cell
[e)rielb] 1

completed frSm &G fowersd i 1o reesHibImation? AsS e SNrilRF 255 Senks™s & Hiffusion
mask duging tieecfoimatioh of thesp-type diffusicrelayer ncSteprd: Besidgs, 1He ik filor 205 isegves as
an oxidation mask éjéi{lg tgg form%tion of thﬁosfﬁ%ﬂ'efa Qt% allégninum oxide fiI@OZO H] Sterg) 4. This io

ensures that the Solar c&ll ¢an be Tabricated easi y. ci gﬁ%ﬁ}% in thé meéthod 0 n’?ar?tﬁggturing a

solar cell acoofding¢o ¢his embatiimeat, ermisty pe diffusipn Eier 208andy be foenediondhée side
(back side) oppasite.to;the BNl ceeelving syifagg of fhe subsliate 204 heffe Sigp, A5 andfhen the

treatments in Step 2 and the subsequent steps may be conducted. As a re ere can be obtained
a solar cell havinga Highpdtdeledtricoohveidieffickapey, wherdinghe phype hiffubiort feyer 203 is

provided, on the light-receiving sutfage side-@f.thg n-type %amiea%%%w%a%%&%te&ge and the

nt-type diffusion layer 208 is provided on the back side, as shown in FIG. 4. Second Embodiment FIG.
5 is a sectionaViewrshowihgtA& torfigelagiers; for example, the current

collection electrode 207 may be formed to cover the whole
area of the substrate back surface, or may be formed in the
same comb tooth shape as the current collection electrode 201

15 on the light-receiving surface sgide, or may be formed in a
grid shape. The printing is followed by a heat treatment at
around 600 to 900°C, thereby sintering the Ag and causing the
silver particles to penetrate (fire-through) the
anti-refliection f£ilm 202, the SiNx film 205, and the 8i0,

20 film or aluminum oxide £ilm 206, whereby conduction between
the electrodes and the silicon constituting the substrate 204
is established. Incidentally, the current collection
electrodes 201 and 207 may be sintered separately or may be
sintered simultaneously.

25 According to the manufacturing method of the present
invention as above-described, it is possible to manufacture a
solar cell having the SiNx £ilm 205 and the Si0; film or
aluminum oxide £ilm 206, which serve as appropriate
passivation films, respectively on the back and face sides of

3¢ the substrate 204 as shown in FIG. 2; also, it is possible to
attain an enhanced photcelectric¢ convergion efficiency. In
addition, the SiNx film 205, which finally becomes a

passivation film, is formed at an early stage of the
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25 of a second embodiment of the solar cell according to the present invention, representing the case
where the semiconductor substrate is of the p type. As shown in FIG. 5, an Si02 film or aluminum
oxide film 406 and an anti-reflection film 402 are stacked in this order 30 on a light-receiving surface
(referred to also as "first principal surface") of a p-type semiconductor substrate 404. In addition, an
n-type diffusion layer (n* layer) 403 and an SiNx film 405 are provided on the back surface (referred to
also as "secaenchprincipalrsimtacet-oc &an-lighteaceidng sudaee"} ORiherp-type semiconductor
substrate 404. Furthermore, curg%nt coélectiosq{egctroges élgl a{Id A{:O7 cor}ges}i)ondiréglto positive and
negative poIeSs.e of'a sg‘rcéraceﬁgeare%errolvidfgﬁ respé%fl:\L/eR/ Siitthe fate EAnd BatKSIq6S of the p-type
semiconductoostbsttatd 404ter. HEne sthesdrtisreflectars #linb462 tcamposed of ahSiNx film. In
the solar cell ac\}/ir%% e %ectignalo%rr%clt_%rleo%s i<:1)1 aa]pog%ér%%nt@ngg, %h; %'hl\lex filg1l4(%5 ggg fhe Si02 film
or aluminum%md% iim 406 function as passivation fifms on the back side and the face si e,
respectigely. ddmaréforedhé solarzellrshowsa high ghatotlectriecconiversion efficieAdys Thetsalar cell
configured as, sgwp i 16,3 is, 1. mandgcired Jau exampie, b sieps shownn ELGR.64 4p 6F.
Now, the steps W%l gel escr?be% elow r(le%err%g to FIGS. 6A to 6F, w erein layers coorresabolh Ing to
those in the sdlaitéell showpin FIG. BiaieodeAstet hyitheSaate referdifcelsigas aslseditFIG. 5.
20[Step il ¢ ; Slicing damages.on,an as-clt palypeserisaduston spbstiate fsreinafigy referred to
as "substrate”) 404 are removed by chemical etching. Specifically, the'substrate 404 is subjected to an
etching treatfieft 83y & 25MhiGh-cohBEfatibrRalkalr sofulitn 30eh 58 &5 %9 60 wtdbsbiution of
sodium, hydrexide pg potgssium hydeoxids, amixed-selutipn ehhydrafluaric agid:and nitric acid, or the
like (FIG. 6A). [Step ii]
Incidentally, in the method of manufacturing a solar

cell according to this embodiment, an n'-type diffusion layer

208 may be formed on the side (back gide) opposite to the

iight-receiving surface of the substrate 204 before Step 2,

15 and then the treatments in Step 2 and the gubgegquent steps

may be conducted. As a result, there can be obtained a solar

cell having a high photoelectric conversion efficiency,

wherein the p-type diffusion layer 2032 is provided on the

light~receiving surface side of the n-type semiconductor

20 substrate 204, and the n'-type diffusion layer 208 is

provided on the back side, as shown in FIG. 4.

Second Embodiment

FIG. 5 is a sectional view showing the configuration
25 of a gecond embodiment of the solar cell according to the
present invention, representing the case where the
gemiconductor substrate ig of the p type.
As shown in FIG. 5, an Si0; film or aluminum oxide film
406 and an anti-reflection film 402 are stacked in this order
30 on a light-receiving surface (referred to also asgs "first
principal surface") of a p-type semiconductor substrate 404.
In addition, an n-type diffugion layer (n' layer) 403 and an

SiNx film 405 are provided on the back surface (referred to

-14 ~



30Next, an n-type diffusion layer 403 is formed on the side (back side) opposite to the light-receiving
surface of the substrate 404 (FIG. 6B). The n-type diffusion layer 403 is formed by a vapor phase
diffusion method with phosphorus oxychloride as a diffusion source. Specifically, the flow rate of a
carrier gas is so controlled that the phosphorus oxychloride concentration will be 0.1 to 5 vol%, and,
further, s oxygen is also mixed in a similar quantity for formation of a phosphorus glass. In this gas

atmosphere, g1keatdreatmenbiscconauctadat 750 1r 9500 feid 10160 minytes.- ikthis ¢asge; two sheets
of the substrates 404 mgy be subjected to the heat treatment in a stacked state with their face sides io
r,

in contact with &adH Sthér, WherBby the FRpS iU Ry &R 4 F3 RSN BR%6rad only on the back
sides of the tworsheetsot-the subsirates 404.1Ehe ndype Udlusiondayen4a3 aay he formed by a
coating method in which .coati@% la er,.\évi.th hothorus as.a is diﬁ‘#sion s(?urce, igtgrovid on the
whole area of the SUbstraté $8rface FSpecificaily>the EGatihg18yeis 16iéd b brdsiEodtfny; ink jet
printing, screzngorinting L sigid coatipg ot the like dollmbed by @cheatdréadient: idkhe safne senditions
as above-mentioned, whereby the nté%?esd&%% ion 20 Igyer 403 can be formed. Incidentally, the

phosphorus Elasg%arrﬁe s Temove y use of hydrofluoric’ acid or the like, after which the glass

formed on the surfacélefthe substrate 404daving-been Suldjectedo tve heaptreatinertt fandiffusion is
removed by hydroflygric acid or the like. 25[Step iii] An SiNx film 405 is formed on the n-type
diffusion layer 403 by a plasma enhanced CVD method or the like (FIG. 6C). The SiNx film 405 not
only functions as a passivatiensihasut adsc furetiong as zereflectiviechilen. fos tefiedtinge3Gmcident light

inside the subsrate and.as g.difusien maskand/en an pxidation mask i fhe steps to,pe conducted

later.
aluminum oxide f£ilm 406 function as pasgivation filmsg on the

back side and the face side, respectively. Therefore, the
solar cell shows a high photoelectric conversion efficiency.
The golar cell configured ag shown in FIG. 5 isg
15 manufactured, for example, by steps shown in FIGS. 6A to 6F.
Now, the steps will be described below referring to FIGS. 6A
to 6F, wherein layers corregponding to those in the solar
cell shown in FIG. 5 are denoted by the same reference gigns

as used in FIG. 5.

20 [Step 1i]

S5licing damages on an as-cut p-type semiconductor
substrate (hereinafter referred to as "gubstrate") 404 are
removed by chemical etching. Specifically, the substrate 404
is subjected to an etching treatment using a

25 high-concentration alkali sclution such as a 5 to 6C wt%
solution of sodium hydroxide or potassium hydroxide, a mixed

solution of hydrofluoric acid and nitric acid, or the like

(FIG. GA}.
[Step ii]
30 Next, an n-type diffusion layver 403 is formed on the

side {(back side) opposite to the light-receiving surface of

the substrate 404 (FIG. 6B). The n-type diffusion layer 403
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The thickness of the SiNx film 405 is preferably 50 to 250 nm. If the thickness of the SiNx film 405 is
less than 50 nm, it may be impossible to obtain a passivation effect or a masking effect. When the
thickness is more than 250 nm, on the other hand, the effect of the SiNx film 405 as the
above-mentioned reflective film for reflection of incident light inside the substrate may be lowered.
After the formation of the SiNx film 405, formation of minute ruggedness called texture is preferably

carried out. IsInfthiseaseo ok onlydhe femmaationefitexine anthe hagk sidenotthesplhstrate 404 can
be prevented, but also an_n-type diffusion layer, which would be unintendedly formed in a considerable

extent on the TGt HEE&IvRAG Sitfatedn StEF 1i°Cart BT EmovetRGfile piofecting thesh-fy diffusion 15
layer 403 on e back sigleday-ihb=SiNxfimi40% oI hesatore 1thisqproaedurenis extiesiely etffective in

obtaining highzéahokt1 electric conversigﬁn ctgaracteris{i S, C)The texture fo rgationg carried out by
immersion of thé Stnbafs 404 & heatsd Sikal Solutidh (Concehtration 20 1 t810 wighHeierature:
60 to 106C) ofxsaftumilydidxidempotassium hydroxides potassium carbomate ocimm«arkhdnate,

sodium hydr%%en c%rbonate qr the IikeIfrclnrﬁgout 10 to 30 minu%)es. In maryy cases the reacﬁion in this

treatment is accelerated. I%y %ISBSSOFVing apre stertiined %Hrﬁ%%% of 75 Z?propanol |¥1etﬁ5rg1ﬁ<réi solution.

Incidentally, the textdedomdation mMay, it ne8éssaty floer conductéd beforetke formatiamokthe
o g d05 o MEKLI subslale AMpaashied o A A 2UsRua SoLop O

hydrochloric acid, éuﬁ‘urlc acid, nitric acid, or rotluoric acid, or a mixed solution thereof. Among
these acidic aliged\gn5oloters; praferred froratthe viasvpdiatsofetbhotrysind éficeneydsa

nvarochipric agid-salution. For sghaneinadlsaninesptheyashing maxbe cagquciedy admixing the
hydrochloric acid solution with 0.5 to 5 wt% of hydrogen peroxide and heating at 60 to 90C. [Step iv]

Subsequently2ai¢ S04 filtn 6RAIURTNHEPEde filtd Y0BThaviry Sasbkidsdest 1Etatd@ niwis formed on
the light-receiying surfage of the;shhstrate 404 {F}G. 6D). The Si02 film 406 can be formed by a

thermal oxidation method, a CVD method, an oxide film coating method, or the like. Among these
methods, the thermali&gd&tidhrmetibelis e fdtrekh Y616 BBtafftiy eRc iRt passivaton

characteristi¢Ssating method in which a coating layer, with phosphorus as a

15 diffusion source, is provided on the whole area of the
substrate surface. Specifically, the coating layer is formed
by brush coating, ink jet printing, screen printing, spin
ccating or the like, fcllowed by a heat treatment in the game
conditiong as abcve-mentioned, whereby the n-type diffusion

20 layer 403 can be formed. Incidentally, the phosphorus glass
formed is removed by use of hydrofluoric acid or the like,
after which the glass formed on the surface of the substrate
404 having been subjected to the heat treatment for diffusion

is removed by hydrofluoric acid or the like.

25 [Step 1ii]

An SiNx f£film 405 is formed on the n-type diffusion
layer 403 by a plasma enhanced CVD method or the like (FIG.
6C}. The SiNx film 405 not only functiong ag a pagsivation
film but also functions as a reflective film for reflecting

30 incident light inside the substrate and as a diffusion mask

and/or an oxidation mask in the steps to be conducted later.
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Specifically, the substrate 404 having been subjected to the treatments of Steps i to iii is placed in a
furnace provided with an oxygen atmosphere at 700 to 1,000C, and a heat treatment is conducted for
5 to 60 minutes, whereby a 15 high-quality Si02 film is formed. In this case, formation of an Si02 film
on the back side of the substrate 404 can be prevented, since the SiNx film 405 has been formed on
the back side. On the other hand, the aluminum oxide film 406 can be formed, for example, by a vapor

deposition method, aPRespiteringanethed, aKeVl methpdor the ike. Especially BnALD method is
preferred because excellent passivation characteristics can be obtained thereby. In the present

invention, sinta thB SNy fim-265 i ThNEE Th the btk side'sf the Substrate #04 SofmERER of an
aluminum oxgle fitm, o 25nthe hask side-ean be prevenipd{Stemvpas s Next aorarikrflectior film

402 is formed on the SiO2 film or aluminum gxide film 406 on the light-recejving surface side of the
substrate 402(&‘1?3?%53 r%%e'?,@é:ntSiNQ%%?nr%)%‘.% fc%ﬁé%‘ﬁneg?ni&?nég%‘? 56{%%9}302% AheS™
anti-reflectiorcfikn 402eby isedf atilasma Batrancéd IMD ssipeten 01 the like dikednghe case of the

SiNx film 405 on the back side. gsgg %i] oy Finz?li/la %Jrrlgn%C%I!Leecéigggrllecg%od.engoziis @rmed on
the back sidé of the suebs}:ra?e i 4, Wi fhe SiNk film 40 ?here%etween, anda carrent Collection
electrode 401 istlormedsonithetlightseteiting sturfece Side, Withethecanti-reflection film 402 and the

Si02 film or aluminurgBl %igg fi&rg e4090@85%5\9{e8 (()Eh% %Fi)N;I{'h% f%e%ﬁgeécﬁtﬁ%ﬁ;toﬁaﬁfg d(()arstﬁgl

and 407 can be formed by a vapor deposition met a sputtering metho
like. Accoidikg to the grmutsstuking frethdt ot thecpresepriadentionlas abovd-gésornitsed, it is
posﬂb@&onggu@%ﬁgm%gge’ not only the formation of texture on the back
side of the substrate 404 can be prevented, but algo an
n-type diffusion layer, which would be unintendedly formed in
a considerable extent on the light-receiving surface in Step
ii, can be removed while protecting the n-type diffusion
15 layer 403 on the back side by the SiNx film 405. Therefore,
this procedure is extremely effective in obtaining high
photoelectric conversion characteristics.
The texture formation is carried out by immersion of
the substrate 404 in a heated alkali solution (concentration:
20 1 tc 10 wt%, temperature: 6C to 100°C) of sodium hydroxide,
potassium hydroxide, potassium carbonate, scdium carbonate,
sodium hydrogen carbonate or the like for about 10 to 30
minutes. In many cases, the reaction in this treatment is
accelerated by dissolving a predetermined amount of
25 2-propanol in the alkali scolution. Incidentally, the texture
formation may, if necessary, be conducted before the
formation of the n-diffugion layer 403,
Next, the substrate 404 is washed in an acidic agueous
solution of hydrochloric acid, sulfuric acid, nitric acid, or
30 hydrofluoric acid, or a mixed solution thereof. Among these
acidic agueous solutions, preferred from the viewpoints of
economy and efficiency is a hydrochloric acid solution. For

enhancing cleanliness, the washing may be conducted by
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solar cell having the SiNx film 405 and the Si02 film or 15 aluminum oxide film 406, which serve as
appropriate passivation films, respectively on the back and face sides of the substrate 404 as shown in
FIG. 5; also, it is possible to obtain an enhanced photoelectric conversion efficiency. Besides, the SiNx
film 405, which finally becomes a 20 passivation film, is formed at an early stage of the manufacturing
process. Therefore, the SiNx film 405 can serve as a treatment mask during the texture formation
conducted latefmT Risrigakes it ppssiblentocrestracthe phaieeleeticeonrersion eharscigristics of the
solar cell 25 Ec]\)ér%gleted from be:}r;ﬁ Ioweérﬁ due to recombinatjon. Besides, the SiNx film 405 serves as
t

an oxidation %%?%gﬂﬁ]éc% &ticH of the 5025l ‘or BrummuAT oxide film 406 in Step iv. This

ensures that %olari{; Il can be produced easily. Incidentally, in the method of manufacturing a solar
30 cell according 5 this embodiment, a pt-type diffusion layer 408 may be formed on the
light-receiving surfacessidessfuhe slpstrate 4040beforérStep ivg amdithen theciréatriiénts id 08teps iv

and the gubsggkﬁ@%stgp%ma&ggggrrgeg QU ég aresult, tfgr 8@%@8 OCB&aiE‘ﬁg a solar cell having a

high photoelectric conversion efficiency, wherein the pt-type diffusion layer 408 is provided on the
light-receiving S3urfaceside bhthespaysc Semiconttcionsabswate 40 anBiRe nelype difflasion layer

403 s provided on the hacksside,as shown jn EIGy7. EXAMPLE ioNaw.an Example. of fhe present

invention will be described below. It should be note , however, that the present invention is not
restricted to tHBIE&fipledeExampiecide film coating method, or the like. Among

these methods, the thermal oxidation method is preferred, for

10 obtaining excellent passivation characteristics.
Specifically, the substrate 404 having been subjected to the
treatments of Steps i to iii is placed in a furnace provided
with an oxyvgen atmosphere at 700 to 1,000°C, and a heat
treatment ig conducted for 5 to 60 minutes, whereby a

15 high-quality $i0; film ig formed. 1In this case, formation of
an 810, film on the back gide of the substrate 404 can be
prevented, since the SiNx film 405 has been formed on the
back gide. On the other hand, the aluminum oxide film 406
can be formed, for example, by a vapor deposition method, a

20 sputtering method, a CVD method or the like. Especially, an
ALD method is preferred because excellent passivation
characteristics can be obtained thereby. In the present
invention, since the SiNx film 405 is formed on the back side
of the substryate 404, formation of an aluminum oxide film on

25 the back gide can be prevented.

[Step V]

Next, an anti-reflection f£ilm 402 is formed on the 8i0,
film or aluminum oxide film 406 on the light-receiving
surface side of the substrate 404 (FIG. 6E). Here, an SiNx

3¢ film is formed in a thickness of 50 to 80 nm as the

anti-reflection film 402, by use of a plasma enhanced CVD
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15For confirming the effectiveness of the present invention, a solar cell having a sectional structure
shown in FIG. 2 was fabricated in the following Condition A and put to evaluation. 20 (Fabrication
Procedure and Conditions) First, as semiconductor substrate, six sheets of phosphorus-doped
{100} n-type as-cut silicon substrates measuring 100 mm x 100 mm, 250 fim in thickness, and having
a resistivity of 1 Q.cm were prepared. Damaged layers of the 25 silicon substrates were removed by

use of a heatgdagueoys sehdion:ofpotassiemibydioddease Nexhan Sihkfilm;205 was fapmed on
only one side of each of the silicon substrates by a plasma enhanced CVD method. In this case, a

mixed gas of TRENG&HEHe Hrfifammonia 30 was used as a reactant gas, the film thickness was 150 nm,
and the refraité\:te index was 2.1. Then, the substrates were subjected to texture formation by
immersing th i%par;‘fé&ueous solution containing potassium hydroxide and 2-propanol. In this case,
the SiNXx film served asiaamidsk, sa thatreachtrofdthe substratesavas: textiftedamnty s tife sigeiopposite

to the side on whjch the SiNx film had.been formed. Next, formation of a p-type diffusjan layer 203 was
conductéd. S%%c#%gllﬁaacgai? %@ﬁﬁec%ligglnes%s Fates %v%reg é?afck‘é%%ﬁ ega}%: gtﬁg}rcwﬁﬁqtﬁeﬁ%sack
sides in contadtethenethressuchpdirs wene plateddp Algas-ammosphere obtindd by agdmixing nitrogen
with 0.8 vol%_of BBr3 and 0,8 v?lg/ %f:@@é%eeni anda g%%tftéecatmsep&was “g:longu%eg at 1,000C io for 15
minutes. Subsequently,%oron glass formed on the Surfaces of the silidon substrates were removed by
use of hydrofarttic-astd Uaahisanstihte, theZsikooh sUbstidids showed arsiretmésistanceicfel3 Q.

Next, the Si”cﬁnﬁ%%@t%%@’leé%ékd%&}?d(@f&‘?”@%‘l) . The current collection

10 electrodes 401 and 407 can be formed by a vapor deposition

method, a sputtering method, a printing method, or the like.
According to the manufacturing method of the present

invention as above-described, it ig pogsible to manufacture a
solar cell having the SiNx £ilm 405 and the 8i0, film or

15  aluminum oxide film 406, which serve as appropriate
passivation films, respectively on the back and face sides of
the substrate 404 as shown in FIG. 5; also, it is possible to
obtain an enhanced photoelectric conversion efficiency.
Besides, the SiNx £ilm 405, which finally becomes a

20 passivation film, is formed at an early stage of the
manufacturing procesgs. Therefore, the SiNx film 405 can
serve as a treatment masgk during the texture formaticn
conducted later. This makes it possible te restrain the
photoelectric conversion characteristics of the solar cell

25 completed from being lowered due to recombination. Besides,
the SiNx film 405 serves as an oxidation mask during the
formation of the Si0Q; film or aluminum oxide £ilm 406 in Step
iv. This ensures that the solar cell can be produced easily.

Incidentally, in the method of manufacturing a solar

30 cell according to this embodiment, a p'-type diffusion layer

408 may be formed on the light-receiving surface gide of the

subsgtrate 404 before 8tep iv, and then the treatments in
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15 oxidation by treating them in an oxygen atmosphere at 1,000C for ten minutes. By this treatment, a
thermal oxide film (SiO2 film) 206 was formed on the side opposite to the side on which the SiNx film
205 had been formed, of each of the silicon substrates. 20Subsequently, an anti-reflection film 202
composed of an SiNx film was formed on the Si02 film 206. In this case, also, a plasma enhanced
CVD method was used, with the film thickness being 75 nm and the refractive index being 2.1. Finally,

a Ag paste wasapplied tg the baek sidesangd: 25 theskightyegaivingside of eagh silicon substrate in a
comb tooth-shaped pattern by screen printing, followed by drying. The Ag paste was a paste prepared

by dispersind &5 particiReEhavity &partiiie thfferRr 8Ps&VerSFidndifterd 1Fsévéfal tens of
nanometers irait BEgBRG: salvent 30sthereafltest fia-siieer, substeates having yidergese the
above-mentioned treatments were heat treated at. 750C in an air atmos%here for about ten seconds to

sinter the Agpartictiafes, tHe¥esy &3 pleting SBlarceisCt dmfaratitd BERTHE 1Y For
comparison, augofarceellsactording b dhe related artwasdaricaied inthesfollawingCenditiaa B and put

to s evaluatign. (Fabrication Procedure and Conditions First, as semiconductor substrate, six
Shoets of phodhal I UBFed L0 Shalas Cht Alttort A R hs iRy 206 mifseTo0 .
250 pm in thiskness;wandihavitigra resisticity of 1 Q-cm were prepared. Damaged layers of the silicon
substrates were removed by use of a heated aqueous solution of potassium hydroxide. Next,
the silicon substrates were subjected to texture 15 formation by immersing them in an aqueous

solution containing potassium hydroxide and 2-prégad#LE Subsequently, formation of a p-type
diffusioQOIayer was c%gxycteﬂlinégggsﬁe 8%”@%%”%%% Qegéaryg_l\fee%.tngg, %hﬁslili%oen substrates

were subjected to thermal
described below. It should be noted, however, that the

present invention is not restricted to the Example.

Example 1

15 For confirming the effectiveness of the present
invention, a solar cell having a sectional structure shown in
FIG. 2 was fabricated in the following Condition A and put to

evaluation.

20 {Fabricaticn Procedure and Conditions)
First, ag semiconductor substrate, six sheets of

phosphorus-doped {100} n-type as-cut gilicon substrates
measuring 100 mm x 100 mm, 250 pum in thickness, and having a

regsistivity of 1 Q-cm were prepared. Damaged layers of the
25  silicon substrates were removed by use of a heated agqueous
solution of potassium hydroxide.

Next, an SiNx film 205 was formed on only one gide of
each of the gilicon substrates by a plasma enhanced CVD
method. In this case, a mixed gas cof monosilane and ammonia

30 was used as a reactant gas, the film thickness was 150 nm,
and the refractive index was 2.1. Then, the substrates were
subjected tc texture formation by immersing them in an

aqueocus scolution containing peotassium hydroxide and

w2 -



20 oxidation by treating them in an oxygen atmosphere at 1,000C for ten minutes. By this treatment,
thermal oxide films (Si02 films) were formed on both sides of each silicon substrate. Subsequently,
anti-reflection films each composed of 25 an SiNx film were formed respectively on the thermal oxide
films on both sides of each silicon substrate. In this case, also, a plasma enhanced CVD method was
used, with the film thickness being 75 nm and the refractive index being 2.1. Finally, the same Ag

paste as thatingxsrapie 1l was3Q-appliediothehack sidgand fhe lightvegelyingsiglg of eagh silicon
substrate in a comb tooth-shaped pattern by screen printing, followed by drying. Thereafter, the silicon
substrates h&UAG uRAERoHE tﬁgeab%%%ﬁﬁﬁgﬁed"ﬁéatﬁ?é?ﬁélﬁﬁgreoﬁé{ tRhtEdat 756€ in an air
atmosphere fasgboit tencseannssde &ntenthenAg ipatictlates:thetiehby completing solswgels. 5
(Evaluation Method) N The solar cell samples obt_a}_jned as above-mentioned were subjected to
measurement of solal GaIF ch&2ElEHsticE by 'us? ot a¥8i5r Stor Made By ¥ aftashitdDenso
Corporation untenhtheadnditignscdffarcAM £.5 spestriim,ah Hhdluminatiemintensityref ddo mW/cm?2
and a temperature of 20G:Meap valuss ofifie meAstement iesulis,arg sgLlortn Table 1, below.

then three such pairs were placed in a gas atmosphere

obtained by admixing nitrogen with 0.8 vol% of BRr; and 0.8

vol% of oxygen, and a heat tCreatment was conducted at 1,000°C

10 for 15 minutes. Subseqguently, boron glass formed on the
surfaces of the silicon substrates were removed by use of

hydrofluoric acid. In thig instance, the silicon substrates

showed a sheet resistance of 43 (1.
Next, the silicon substrates were subjected to thermal

15 oxidation by treating them in an oxygen atmcsphere at 1,000°C
for ten minutes. By thig treatment, a thermal oxide film
(510, film) 206 was formed on the side cpposite to the gide
on which the 8iNx film 205 had been formed, of each of the
silicon substrates.

20 Subsequently, an anti-reflection f£ilm 202 composed of
an SiNx film was formed on the 8iC, film 206. In this case,
also, a plasma enhanced CVD method was used, with the £film
thickness being 75 nm and the refractive index being 2.1.

Finally, a Ag paste was applied to the back side and

25 the light-receiving side of each silicon subgtrate in a comb
tooth-shaped pattern by screen printing, followed by drying.
The Ag paste was a paste prepared by dispersing Ag
particulates having a particie diameter of geveral nanometers
to several tens of nanometers in an organic solvent.

30 Thereafter, the silicon substrates having undergone the
above-mentioned treatments were heat treated at 750°C in an
air atmocsphere for about ten seconds to sinter the Ag

particulates, thereby completing solar cells.
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Condition Short-circuit current Open-circuit voltage Fill factor Maximum output (A) (V) (%) (W)

10

15

20

25

30

Comparative Example 1

For comparison, a solar cell according to the related
art was fabricated in the following Condition B and put to

evaluation.

(Fabrication Procedure and Conditions)
First, as semiconductor substrate, six sheets of

phosphorus-doped {100} n-type as-cut silicon substrates
measuring 100 mm x 100 mm, 250 pum in thickness, and having a

registicity of 1 -cm were prepared. Damaged layers of the
silicon substrates were removed by use of a heated agueocus
solution of potassium hydroxide.

Next, the silicon stubstrates were subjected to texture
formation by immersing them in an aqueous solution containing
potassium hydroxide and 2-propancl.

Subsecquently, formation of a p-type diffusion layer
was conducted in the same conditions as in Example 1.

Next, the silicon substrates were subjected to thermal
oxidation by treating them in an oxygen atmosphere at 1,000°C
for ten minutes. By thisg treatment, thermal oxide films
{§i0, films) were formed on both sides of each silicon
substrate.

Subsequently, anti-reflection films each composed of
an SiNx film were formed respectively on the thermal oxide
£ilme on both sides of each gilicon substrate. In this case,
also, a plasma enhanced CVD method was used, with the film
thickness being 75 nm and the refractive index being 2.1.

Finally, the same Ag paste as that in Example 1 was
applied to the back side and the light-receiving side of each
silicon substrate in a comb tooth-shaped pattern by screen
printing, fcllowed by drying. Thereafter, the silicon

substrates having undergone the above-mentioned treatments
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Example 1 A 3.81 0.648 78.2 1.93 Comparative Example 1 a 3.76 0.641 78.4 1.89 From the above
results, it is found that the solar 5 cells fabricated in Example 1 show a largely increased open-circuit
voltage and an increased maximum output, as compared with the solar cells fabricated in Comparative
Example 1. This is considered to be attributable to the solar cell structure in Example 1 wherein the
back side of 10 the silicon substrate was inactivated directly with the SiNx film 205 and, further,

formation of iexturerinthechackside of thessilicon subsirate wastatyiging hy the:presense ekthe SiNx
film 205. In addition, these effects of the salar cells according to the present invention were obtained
without seconds to sinter the Ag particulates, thereby completing

gsolar cells.

5 {(Evaluation Method)

The solar cell samples obtained ag above-mentioned
were gubijected to measurement of solar cell characteristics
by use of a solar simulator made by Yamashita Denso
Corporation under the conditions of an AM 1.5 spectrum, an

10 illumination intensity of 100 mi/cm® and a temperature of
25°C. Mean values of the measurement results are get forth

in Table 1 below.
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15 increasing the number of manufacturing steps. CLAIMS: 1. A method of manufacturing a solar
cell, comprising the steps of: forming an SiNx film over a second principal surface of an n-type
semiconductor substrate; forming a p-type diffusion layer over a first principal surface of the n-type
semiconductor substrate after the SiNx film forming step; and 10forming over the p-type diffusion layer
a passivation film composed of an Si02 film or an aluminum oxide film. 2. The method according to
claim 1, wherein the thickness of the SiNx film is atdeast 50 nm. 15 3. The method according to claim
1 or 2, further comprising a step of forming a texture on the first principal surface of the n-type
semiconductpr substrate, after the SiNX tilm.forming,step and.befare, the [diffusion Iaj{egqggg%glg step.
20 4. The method according:-ta@imtene of claimsnt to 3, furthercerprisingtasiep of farming arn
anti-reflection film over the passivation film, 25‘5/A method of m&nufacturing &*solar cell, €@mprising
the steps of:

Example 1 2 3.81 0.648 78.2 1.93
Comparative
Example 1 B 3.76 0.641 78.4 1.89

From the above results, it is found that the solar

5 c¢ells fabricated in Example 1 show a largely increased
open~circuit voltage and an increased maximum output, as
compared with the solar cells fabricated in Comparative
Example 1. This is considered to be attributable to the
solar cell structure in Example 1 wherein the back side of

106 the silicon substrate was inactivated directly with the SiNx
film 205 and, further, formation of texture on the back gide
of the silicon substrate was cbviated by the presence of the
S8iNx film 205. In addition, these effects of the golar cells
according to the present invention were obtained without

15 increasing the number of manufacturing steps.
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forming an n-type diffusion layer over a second principal surface of a p-type semiconductor substrate;
forming an SiNx film over the n-type diffusion layer; 30 and forming over a first principal surface of the
p-type semiconductor substrate a passivation film composed of an 8i02 film or an aluminum oxide film
after the SiNx film forming step. 6. The method according to claim 5, wherein the thickness 5 of the
SiNx film is at least 50 nm. 7. The method according to claim 5 or 6, further comprising a step of
forming a texturgessthe first principal surface of the p-type semiconductor substrate, after the SiNx 10
film forming step and before the passivation film forming step. 8. The method according to any one
of claims 5 to 7, further comprising a step of forming an anti-reflection film 15 over the passivation film.
9. A solar cell compriginge tho@ncHNxAihmferraad oner a seeoae poacipal swigee: ef:ayniype
semiconductor substrate; 20a p-type diffusion layer formed over a first principal surface of the n-type
semiconduct8F§i5sti4té; and a passivation film formed over the p-type diffusion

5 forming an SiNx f£ilm over a second principal surface

of an n-type semiconductor substrate;
forming a p-type diffusion layer over a first
principal surface of the n-type semiconductor substrate after
the SiNx film forming step; and
10 forming over the p-type diffusion layer a passivation

film compoged of an 8i0, film or an aluminum oxide f£ilm.

2. The method according to c¢laim 1, wherein the thickness

of the SiNx film is at least 50 nm.

15
3. The method according to claim 1 or 2, further
comprising a step of forming a texture on the first principal
gsurface of the n-type semiconductor substrate, after the SiNx
film forming step and before the diffusion layer forming step.
20
4. The method according to any one of claimg 1 to 3,
further comprising a step of forming an anti-reflection film
over the passivation film.
25 5. A method of manufacturing a solar cell, comprising the
steps of:
forming an n-type diffusion layer over a second
principal surface of a p-type semiconductor substrate;
forming an SiNx f£ilm over the n-type diffusion laver;
30 and

forming over a first principal surface of the p-type

semiconductor substrate a passivaticn f£ilm composed of an
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layer and composed of an Si02 film or an aluminum oxide film, the solar cell being manufactured by
the solar cell 25 manufacturing method according to any one of claims 1to 4.  10. A solar cell
comprising: an n-type diffusion layer formed over a second principal surface of a p-type
semiconductor substrate; 30an SiNx film formed over the n-type diffusion layer; and a
passivation film formed over a first principal surface of the p-type semiconductor substrate and

composed ofamSiaA filn er agraluminymexidedilne the selaseelbbeipgdnanyfactured, by the solar cell

5 manufacturing method according to any one of claims 5 to 8.
forming step.

6. The method according to claim 5, wherein the thickness

5 of the ZiNx film is at least 50 nm.

7. The method according to claim 5 or &, further

comprising a step of forming a texture on the first principal

surface of the p-type semiconductor substrate, after the SiNx
10 film forming step and before the passivatiocn film forming

step.

8. The method according to any one of claims 5 to 7,
further comprising a step of forming an anti-reflection film

15 over the passivation film.

9. LA solar cell comprising:
an SiNx film formed over a second principal surface of
an n-type semiconductor substrate;
20 a p-type diffusion layer formed over a first principal
surface of the n-type semiconductor substrate; and
a passivation film formed over the p-type diffusion
layer and composed of an 8i0; film or an aluminum oxide f£ilm,
the solar cell being manufactured by the solar cell

25 manufacturing method according te any cne of claims 1 to 4.

10. A solar cell comprising:
an n-type diffusion layer formed over a second
principal surface cof a p-type semiconductor substrate;
30 an 5iNx film formed over the n-~type diffusion layer;

and
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a passivation film formed over a first principal
surface of the p-type semiconductor substrate and composed of
an S$10; f£ilm or an aluminum oxide f£ilm,

the solar cell being manufactured by the solar cell

manufacturing method according to any one of claims 5 to 8.

L



