DESCRIPTION TITLE OF INVENTION METHOD FOR PRODUCING SOLAR CELL AND
FILM-PRODUCING DEVICE TECHNICAL FIELD [0001] ioThis invention relates to a method for
producing solar cells and a film-forming apparatus. BACKGROUND ART [0002] In general, the
solar cell has the structure shown in FIG. 1. In FIG. 1, a p-type semiconductor substrate 1 is of a plate
shape dimensioned 100 to 150 mm squares and 0.1 to 0.3 mm thick, made of polycrystalline or
monocrystalline silicon or the like, and doped with a p-type impurity such as 20 boron. An n-type
diffusion layer 2 is formed in the substrate by doping.anfstyRe impurity such as phosphorus, and an
antireflective coating 3 of silicon nitride (SiN) or the like is formed thereon. A conductive aluminum
paste is printed on the back surface by a screen printing technique, 25 before the paste is dried and
fired to form a back electrode 6 and a back BukaceFieldNiBSH)Ilayer 4 at the same time. A conductive
silver paste is prRigthen therfrorbsurtace: betargst isgriedand iredofRep gcaaligcianelestrode 5.
The solar cell is produced in this way. It is noted that one 30 surface of a substrate which becomes the
light-receiving surface of the resulting solar cell is referred to as "front" surface and the other surface of
the substrate opposite to the light-receiving surface is referred to as "back" surface. [0003] 35As
mentioned above, for the purpose of reducingzany lassrofrngident light on the front surface, the solar
cell includes a,thin film of SiN or the like which is formed as an antireflective coating for suppressing
surface reflection. It'is acknowledged that this thin film forming step serves to form a thin film for
suppres8ing light refléétioh amty RSHetivE Iet&ssivaing e SIRdnitibshadacthedsaree fie. It is
known that this passiation capahble o reducing pipe irderiace state density of silicon substrate is
effective for enhancing electrical properties of the solar cell. A thin film formed on the solar cell surface

for such purpose is referred to as "pass vation" film, hereinafter,
BACKGROUND ART

[0002]

15 In general, the solar cell has the structure shown in
FIG. 1. In FIG. 1, a p-type semiconductor substrate 1 is of
a plate shape dimensioned 100 to 150 mm squares and 0.1 to
0.3 mm thick, made of polycrystalline or monocrystalline
silicon or the like, and doped with a p-type impurity such as

20 boron. An n-type diffusion layer 2 is formed in the
substrate by doping an n-type impurity such as phosphorus,
and an antireflective coating 3 of silicon nitride (SiN) or
the like is formed thereon. A conductive aluminum paste is
printed on the back surface by a screen printing technique,

25 before the paste is dried and fired to form a back electrode
6 and a back surface field (BSF) layer 4 at the same time. A
conductive silver paste is printed on the front surface,
before it is dried and fired to form a collector electrode 5.
The solar cell is produced in this way. It is noted that one

30 surface of a substrate which becomes the light-receiving
surface of the resulting solar cell is referred to as "front"
surface and the other surface of the substrate opposite to
the light-receiving surface is referred to as "back" surface.
[0003]

35 As mentioned above, for the purpose of reducing any
loss of incident light on the front surface, the solar cell

includes a thin film of SiN or the like which is formed as an



[0004) For the purpose of promoting the passivation effect of the antireflective film in the solar
cell, efforts are made to develop a CVD apparatus for forming a SIN antireflective film in a
polycrystalline silicon solar cell, comprising a 15 CVD chamber where a SiN antireflective film is
formed on a polycrystalline silicon substrate, and a heating chamber for maintaining the substrate at
the CVD process temperature or heating the substrate at or above the CVD process temperature (see,

for example, Ratemtelpocnent] .cHrAi2R08- 306 kb T8e A hpassivationeefiect psroated by heating
by such a method,_h er, | nsj fiective for.dangling b, rain boundary impurities
in the bulk oﬁﬁegp%légfégm%% i%%jnei%%ﬁ c%ﬁ?\ét is&tﬁuns égégﬁédﬁggéﬁ?ﬁéjr %r?ﬁ nc(:%(iz'é fﬁgeriéasg%ation
effect. 25 CitAfi6H List t30-[00b5} Patétt CORRAERPABNLDBREMERT 1€ 35-02008-306%541
SUMMARY @FAMNVENHOMNr phechniealiRrgbleme silicon substrate at the same

5 time. It is known that this passivation capable of reducing

the interface state density of silicon substrate is effective
for enhancing electrical properties of the solar cell. A
thin film formed on the solar cell surface for such purpose
is referred to as "passivation” film, hereinafter.

10 [0004]

For the purpose of promoting the passivation effect of
the antireflective film in the solar cell, efforts are made
to develop a CVD apparatus for forming a SiN antireflective
film in a polycrystalline silicon solar cell, comprising a

15 CVD chamber where a SiN antireflective film is formed on a
polycrystalline silicon substrate, and a heating chamber for
maintaining the substrate at the CVD process temperature or
heating the substrate at or above the CVD process temperature
(see, for example, Patent Document 1: JP-A 2008-306141). The

20 passivation effect promoted by heating by such a method,
however, is considered effective for dangling bonds and grain
boundary impurities in the bulk of the polycrystalline
silicon solar cell. It is thus desired to further enhance
the passivation effect.

25
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30
SUMMARY OF INVENTION
Technical Problem
[0006]

Therefore, an object of the invention is to provide a

35 method for producing a solar cell having better electrical



[0006] Therefore, an object of the invention is to provide a method for producing a solar cell
having better electrical properties without detriment to reliability and outer appearance, and a
film-forming apparatus. Solution to Problem [0007] Making extensive investigations to attain the
above object, the inventors have found that by forming a passivation film and annealing thereafter, the
pass vation effect of the passivation film can be expanded to a reduction 10 of the interface state
density on syfage.and adeduation.of resembinationsitesdn the bulkigf maaogystaline silicon solar
cell, and furtger tgaar geductiog r%tréle g;_ric;:-ns_g:eos}st%nce of thaersqclarS cell. Thus electrical properties of the
solar cell are |Pr?provecrl].cﬁ1’e invention is predlcar{\e&lgnal%?hls m&n'g. [0008] Accordingly, the
invention provides a method for producing a solar cell and a film-forming apparatus, as defined below.
20 [1]A method for producing a solar cell,seomprising the stepsiafn forming an
antireflegtion(%%s(ﬁv tion film on a semiconductor substrate, annealing the substrate, and 25then
forming electrodes on the substrate. [2] The method of [1], further comprising one or both of the step
of forming a diffusion™aVermifl th& s&micortutiorstibsHate SR tHe s p G inglthe BRSO des. [3]
The method ob[d ot [2]f stempriskgytthe stéps/ef 3o formingatdiffysidn tayetdn the semiconductor
substrate, thgn forwing Av-antifetiection/nassivation Jilmrn thesdiffusionylayer thep.annealing the

substrate, and thereafter forming electrodes, the s_teg of forming electrodes includinlg firing the
electrodes. effect of the passivation film can be expanded to a reduction

10 of the interface state density on surface and a reduction of

recombination sites in the bulk of monocrystalline silicon

solar cell, and further to a reduction of the series

resistance of the solar cell. Thus electrical properties of

the solar cell are improved. The invention is predicated on
15 this finding.

[0008]

Accordingly, the invention provides a method for
producing a solar cell and a film-forming apparatus, as
defined below.

20 [1] A method for producing a solar cell, comprising the
steps of:

forming an antireflection/passivation film on a
semiconductor substrate,

annealing the substrate, and

25 then forming electrodes on the substrate.
[2] The method of [1l], further comprising one or both of
the step of forming a diffusion layer in the semiconductor
substrate and the step of firing the electrodes.
[3] The method of [1] or {2}, comprising the steps of

30 forming a diffusion layer in the semiconductor substrate,
then forming an antireflection/passivation film on the
diffusion layer, then annealing the substrate, and thereafter
forming electrodes, the step of forming electrodes including
firing the electrodes.

35 [4] The method of [3] wherein the semiconductor substrate
is of p-type, an n-type diffusion layer is formed on a

light-receiving surface of the substrate, and the



35 [4]The method of [3] wherein the semiconductor substrate is of p-type, an n-type diffusion layer is
formed on a light-receiving surface of the substrate, and the antireflection/passivation film is formed
on the diffusion layer prior to the annealing step. [5]The method of [3] wherein the semiconductor
substrate is of n-type, a p-type diffusion layer is formed on a light-receiving surface of the substrate, an
n-type diffusion layer is formed on the surface of the substrate opposite to the light-receiving surface,
and the antir@ﬂe@&@ﬂmasﬁi\iaﬁonpfagsisxfama@ onieaehiqf the tiftusiomlayres pagrrtiedhe annealing

step. to[6]T '3) (y‘oqpyt%netgf [SAR%QM}]ée? tgs passivation film is any one of MgF,, Si02,
Al203, SiO, SIN, Ti02, Ta205, and nS or a stac such layers. [7] The method of any one of [1] to

[6] wherein the hnnegl]iﬁ‘g %Bl?é’gt 960¢ 14 WHETE 18] thfe MRARGPHOAT!6Re BF P t& £ Svherein
the time of tHesanfiealingystep is10 segordsitcr 90 siinutesa {8} The ntethod of any @ne of [1] to [8]

wherein.the angaaling.step s iuan girpgsphere of glr, 112sN2,0.0r Anora pyxirg thergal 20 [10] A

film- formlng apparatus comprising means for forming a passivation film and a heating chamber where

anneal is carfedSut stbE8 TSt t83ormi&ti oG e pastivtitn %H?/?aﬁfzfg%%u%%‘f’egc% Bf ivention
25[0009] thEhd aphéalingestep isitakenifn dloe abeweldekeribed sequence to improve electrical

pr_gp?rties Ffatﬂﬁﬁ%?; l‘@ﬂﬁ%ﬁi@}ﬁ&@ﬁ in}lﬁrﬁti?rfeil_*‘@%iﬂt){i@df%%ﬁéf&pﬁﬁa?@&ﬁ- EEU%P@dianngi_?n is
wiaely appl to the P uction of solar cells havin efter electrica propertles anda reliapi Ity.
BRIEF DES&?%% ﬁﬁ‘blr?f’)%%ﬁlrﬁ’éé“ 2 OB "BYRS LIRS R

10 [6] The method of any one of [3] to [5] wherein the
passivation film is any one of MgF,, Si0O,, Al,0,, S5i0, SiN,
Ti0O,, Ta,0,, and ZnS, or a stack of such layers.

[71] The method of any one of [1] to [6] wherein the
annealing step is at 200°C to 1,000°C.

15 [8] The method of any one of [1] to [7] wherein the time
of the annealing step is 10 seconds to 90 minutes.

[9] The method of any one of [1] to [8] wherein the
annealing step is in an atmosphere of air, H,, N,, O, or Ar or
a mixture thereof.

20 [10] A film-forming apparatus comprising means for forming

a passivation film and a heating chamber where anneal is

carried out subsequent to formation of the passivation f£ilm.

Advantageous Effects of Invention

25 [0009]

The annealing step is taken in the above-described
sequence to improve electrical properties of the solar cell
without detriment to reliability and outer appearance. Thus
the invention is widely applicable to the production of solar

30 cells having better electrical properties and reliability.

BRIEF DESCRIPTION OF DRAWINGS

[0010]
FIG. 1 is a cross-sectional view showing an exemplary
35 solar cell whose back surface 1s entirely covered with an

electrode.



[0010] FIG. 1 is a cross-sectional view showing an exemplary 35 solar cell whose back surface
is entirely covered with an electrode. FIG. 2 is a cross-sectional view of an exemplary solar cell
of back passivation type. DESCRIPTION OF EMBODIMENTS 5[0011] Embodiments of the
invention are described below in detail. However, the scope of the invention is not limited to the
illustrated embodiments because the invention as set forth in the claims can be implemented in a wide
variety of 10 embodimeats in abdlitiontodbe ilfustratec embotiments. Ihe«tawingsare $1©1 depicted to
scale. Certaigé'rjgm(pgr%ggg{d%qgtggvig@mq{gggﬁggle in order to clarify the description and
understanding of the invention whereas insignificant parts are not depicted. [0012] As indicated
above, FIG. 1 is a cross-sectional view showing the structure of a general solar cell. lllustrated in FIG.
1 are a semiconductor substrate 1, D@iffOBIOATIEQIONOF, &MBOIEHBOIIGH/passivation film 3, a BSF
layer 4, a 20(fgant £lectrode 5, and a back electrode 6. [0013] Now the method of producing the solar

cell of FIG. 1is desc%?n%dd jrséna sem%copguctor sub%trate 1lis pré)vided= ghg sngcond,uctor
substrate 1 is of mondeRtAIME6F © ¢ tnvention are described below 1n

detail. However, the scope of the invention is not limited

to the illustrated embodiments because the invention as set
forth in the claims can be implemented in a wide variety of

10 embodiments in addition to the illustrated embodiments. The
drawings are not depicted to scale. Certain members are
depicted in enlarged scale in order to clarify the
description and understanding of the invention whereas
insignificant parts are not depicted.

15 [0012]

As indicated above, FIG. 1 is a cross-sectional view
showing the structure of a general solar cell. Illustrated
in FIG. 1 are a semiconductor substrate 1, a diffusion region
2, an antireflection/passivation film 3, a BSF layer 4, a

20 front electrode 5, and a back electrode 6.
[0013]

Now the method of producing the solar cell of FIG. 1
is described. First, a semiconductor substrate 1 is provided.
The semiconductor substrate 1 is of monocrystalline or

25 polycrystalline silicon or the like, and may be of p-type or
n-type. Most often, the semiconductor substrate 1 is a

p-type silicon substrate doped with a p-type impurity such as

boron and having a resistivity of 0.1 to 4.0 Q-cm.
Below, the method of producing a solar cell using a

30 p-type silicon substrate is described as a typical embodiment.
The semiconductor substrate used is preferably of plate shape
having dimensions of 100 to 150 mm squares and a thickness of
0.05 to 0.30 mm. The surface of p-type silicon substrate
that corresponds to the light-receiving surface of a solar

35 cell is provided with a rugged structure known as texture,
for example, by immersing in an acidic solution to remove

surface damages caused by slicing or the like, chemically



25 polycrystalline silicon or the like, and may be of p-type or n-type. Most often, the semiconductor
substrate 1 is a p-type silicon substrate doped with a p-type impurity such as boron and having a
resistivity of 0.1 to 4.0 Q-cm. Below, the method of producing a solar cell using a 30 p-type silicon
substrate is described as a typical embodiment. The semiconductor substrate used is preferably of
plate shape having dimensions of 100 to 150 mm squares and a thickness of 0.05 to 0.30 mm. The
surface of p-dymsitieon substrate that cosnesposds te theighigecaivingisyriace. of aselar 35 cell is
provided wit e n a i o\A rsing in, cidic solution to
emove Surae dakadss Hatied by s oo IR T aamoLTy Sraheg 1 Alng salitens

cleaning, and&#ihgTFRE HIGdEH Stractarfinaficés Fiifigle tefdctionS AR BE thePght-receiving
surface of a solantell. Bheretore dby forming aauggéd struciure reffdctive aeflectance isdeduced, 5 and

conversion effigiency, isimprayed. {@Q14]. I\k@(t,imﬁlpg(ygg'silicon substrate is placed in a hot gas

containing POC12, for example, at about 850C or higher, followed by a thermal diffusion method of
diffusing n-t)}p%oiﬁl%purity such as phosphorus into the p-type silicon substrate over its entire surface,
thereby forming an ngpé diffusforplayep2 havingcasheesbresistdrcelof aiat8D tor3G0 dlwrh/squares
(WH) in the 5t susfaces #is gotestthat when theapqivre, diffusiodaverds dormert by thermal 15
diffusion, the_n-type diffusion layprs may be farmed on appasite Sugfa&?_%?&s?ier@gd %”f%‘gﬁ?é of the
p-type silicon su Strate as'well. At case, unnecessary n-type diffusion layersmay beremoved by
immersihg tHEPUYEL Bilieois BubStranboRPRAIEATha BUFfatd of Bnet HPCesshhi 20h-15pE wiffisien layer
is covered witiean aeigd resistant resindadiioranitticeasid seltiongThereaftergbe vitreaus layer formed
on the semiconduct te surface dquring diffusion is r y immersing n a chemical
solution suc%aagéé%l?tgesﬁ)%%%ﬁﬁgor?c ga}cll?i%j%llft%srg égli%(‘)vfeed O%mgg%%p S0

ohm/squares (Q/01) in the front surface. It is noted that

when the n-type diffusion layer is formed by thermal

15 diffusion, the n-type diffusion layers may be formed on
opposite surfaces and end surfaces of the p-type silicon
substrate as well. In this case, unnecessary n-type
diffusion layers may be removed by immersing the p-type
silicon substrate, in which the surface of the necessary

20 n-type diffusion layer is covered with an acid resistant
resin, in fluoronitric acid solution. Thereafter, the
vitreous layer formed on the semiconductor substrate surface
during diffusion is removed by immersing in a chemical
solution such as dilute hydrofluoric acid solution, followed

25 by rinsing with deionized water.
[0015]

Further, an antireflection/passivation film 3 is

formed on the front surface of the p-type silicon substrate.
The antireflection/passivation film 3 is typically made of

30 SiN and formed by plasma-enhanced CVD, for example. A gas
mixture of SiH, and NH, is diluted with N,, and a gas plasma
is created by glow discharge decomposition, from which SiN is
deposited. The antireflection/passivation film is formed so
as to have a refractive index of about 1.8 to 2.3, with the

35 refractive index difference from the p-type silicon substrate

taken into account, and a thickness of about 500 to 1,000

W

angstroms (A) for the purpose of preventing light from being



25 by rinsing with deionized water. [0015] Further, an antireflection/passivation film 3 is formed on
the front surface of the p-type silicon substrate. The antireflection/passivation film 3 is typically made of
30 SIN and formed by plasma-enhanced CVD, for example. A gas mixture of SiH, and NH, is diluted
with N2, and a gas plasma is created by glow discharge decomposition, from which SiN is deposited.
The antireflection/passivation film is formed so as to have a refractive index of about 1.8 to 2.3, with

the 35 refractive jndex.diffgienca dram i8¢ pdype sﬂicefgggbm@c@%eg&@%cgeang andgythickness
of about 500_to 1,000 angstroms (A) for the purpose of preventing light from being reflected by the

surface of p-lyp&SilidEH siifstiate &6 tHSight hiirBe ERECHVEN tdkehviRfo the'p-5p2 silicon
substrate. The1BiN asbefunclibas asté passivationdiiionkichsds effeethseifonr passivatidgithe n-type
diffusion layefn during farmadion: Yhe passiyatien effecheprhined with thesantirafiadtion effact
improves elegtr;:cjgl r erti% 01; a solafrhceell. gososlj@lé\%ei(&na c%%tje%cgive Jaste cgnta;iLr%iElg a uminum,
glass 105frit, varnisiy and the |I%e,r’f()r examp{fe, IS 'screen printed and dried on the back'surface of the
substrate. S@EsebRhtlgcd E6md fdtive Past@BERtERTiNG SAEET §lzds fRE YBATISH afd $He ke, for
example, is sasear pssted.and dried on the front surface. Thereafter, the pastes for the respective 15
electrodes ar[eogr gi at a temperature of about 500 to 950C, whereby a BSF layer 4, front electrode 5
and back electro e]6 are formed. Although the screen printing technique is described as a typical

electrode forming techfitfue, Blecddes ¥ akRdSB& fGiTEd) SV EpSratBhl8puttéHiSr the like.
20[001y¢ frihe typical methad @f preducing: a dfystalivengilicon dalascelbas dpsanbediabave fails

to produce agojarcellwith safisfagtary electical propertiesinecause thednierfacestate,density on the

front surface and_the number of 25 recombination sites within the semiconductor substrate are not fully

reduced. In SSHHFHSTE thE mBMDEof PrBdadiRg 2sdidr C&iF acEordfify tothé invértioh teH to
enhance eletiealpiopertiasrofexsniat eell by atduieg anranhead dtepraftairthe SINAfiltforming step

based on plasmarenbar¢ede. Thereafter, the pastes for the respective
15 electrodes are fired at a temperature of about 500 to 950°C,
whereby a BSF layer 4, front electrode 5 and back electrode 6
are formed. Although the screen printing technique is
described as a typical electrode forming technigque, electrodes
may also be formed by evaporation, sputtering or the like.
20 [0017]

The typical method of producing a crystalline silicon
solar cell as described above fails to produce a solar cell
with satisfactory electrical properties because the interface
state density on the front surface and the number of

25 recombination sites within the semiconductor substrate are
not fully reduced. 1In contrast, the method of producing a
solar cell according to the invention intends to enhance
electrical properties of a solar cell by adding an anneal
step after the SiN film-forming step based on plasma-enhanced

30 CVD. The structure is annealed in an atmosphere of air, H,,
N,, O, or Ar or a mixture of two or more of the foregoing, at
a temperature of 200°C to 1,000°C for a time of 30 seconds to
60 minutes. Electrical properties are improved by the anneal
step for the following reason.

35 [06018]

In case of typical crystalline silicon solar cells,

the semiconductor substrate contains in its bulk or on its



30 CVD. The structure is annealed in an atmosphere of air, H2, N2, 02 or Ar or a mixture of two or
more of the foregoing, at a temperature of 200C to 1,000C for a time of 30 seconds to 60 minutes.
Electrical properties are improved by the anneal step for the following reason. 35[0018] In case of
typical crystalline silicon solar cells, the semiconductor substrate contains in its bulk or on its surface
many crystal defects, associated with heavy metal impurities (e.g., Cu, Fe) and trace impurities such
as oxygen as@ caehos, magymanycombinatern sites syt as taagling honds. omseguently, carriers

generated by jncicery [ight 3 are;recombingd, regilingn dhe eiystaling slican splas gl hoying a short

lifetime. As a result, electrical properties of the solar cell are not at all enhanced. If the solarcell is

annealed at 1§ p6it BP time2 B MR SRR EHek? that hyaFogeH CortEinddnA HE SN film lo
terminates danglisg. bofids eadhe stiface tareducestheenterfacedstate densityieand thiegpetter effect

that the phosphor infroguced duringJormatiar of p-type diffusionslayen rags ihe-Baagsmgtal are

promoted, resulting, in the crystalline silicon solar cell having a Ion%fetime. As a Is result, electrical

) { g !
properties of g sofkt celi%ré ehfiahled 'Sifcd R drodén th eSS filnPisTebhic&d by annealing, the
composition of ¢iee SiN-filin sfcHdngeslo Apd conséqaently dte gliantity of psiive thardds ifhthe SIN

film is ianea_§6d@f_tQ%§iLN filn i altered do aHowrhe silyenelestrode i Makes20 axentact with Si. _
Then the series res,!/st%nce ofeltgg sg{art(}g‘,:ltl tmgglge reduced. These %heinnom na g%foygr(rfi hot only in

.passiva on rogen containe
polycrystallere Sificon solar célfs, but also in m nocr?stalllne s?hcon solar cells.” As a result, solar cells

having Bette: 8feBiital pfoptrics &y bEREGuSEH 2hvithietf aeRintenti6 f8itbilith @and outer
appearance.if0&2lr ace |8 tha melked ot producing-a solss cel acearthag: tocthetnvenrtion, too high an

annealing te%%%?%efall%‘%%&%d@é&'e&iﬁﬂﬁmPHPH%% from geter Sitgs, Tae 4oy an30 annealing

temperature tails to exert a sufficient passivation effect of H,. From the 'standpoint of better passivation

and getter efféct& thb R alifG tdfpEratdietie bréfetadly PBOESD 1,5666€ Lintbhd piéfeldHly 400C to
900C, and every storé piekeraily 500€ toB50C.B5[0026ving I tHeomethidd eftproelucirfgsa solar cell

according to.the inventign o if the; annealingdimpe istoalengntieso1ar ce11 are enhanced.

Since hydrogen in the SiN film is reduced by annealing, the
composition of the SiN film is changed, and consequently, the
quantity of positive charges in the SiN film is increased or
the SiN film is altered to allow the silver electrode to make
20 a contact with Si. Then the series resistance of the solar
cell may be reduced. These phenomena are found not only in
polycrystalline silicon solar cells, but also in
monocrystalline silicon solar cells. As a result, solar
cells having better electrical properties can be produced
25 without detriment to reliability and outer appearance.
[0019]

In the method of producing a solar cell according to
the invention, too high an annealing temperature allows for
re-release of impurities from getter sites. Too low an

30 annealing temperature fails to exert a sufficient passivation
effect of H,. From the standpoint of better passivation and
getter effects, the annealing temperature is preferably 200°C
to 1,000°C, more preferably 400°C to %00°C, and even more
preferably 500°C to 850°C.

35 [0020]

In the method of producing a solar cell according to

the invention, 1if the annealing time is too long, the



passivation effect is adversely affected by re-release of impurities from getter sites and desorption of
hydrogen from the once terminated dangling bonds. If the annealing time is too short, no sufficient
getter and passivation effects are obtainable. From the standpoint of better passivation and getter
effects, the annealing time is preferably 10 seconds to 90 minutes, more preferably 20 seconds to 50
minutes, and even more preferably 30 seconds to 30 minutes. [0021] 10In the method of producing a

solar cell acgprdingtetheinvention: thesanrealingaatmospheterisanal pariicutarielipided, out annealing
in a reducing atmosphere is.rather preferred. This is because it hecomes possible to preyent
precipitationg%)r?%&%é%r% ‘\%v%lths;fnrﬁ% s?%c%%egubssjfrta?g and toaéiu Sp?rg ote the gaggi\?gt?o%e%f_ﬂ;%c{%?lﬂ.
Accordingly, TRsin TRE StarRpBit dF BetteApEdsiiati LA gettbf effBtsatHerardria ing difosphere is
preferably ait,db Gsio6:Ar or momixidfreitberacf, mete preferably H2s N2z of di os afaixturedhereof, and

even mare preferaly bh or NpQrag, mixiure @9&%%@9&409%2]&86@8P“?QQQ Qi pradycing,g solar cell

according to the invention, the antireflection/passivation film is not particularly limited. The passivation
film may be S8R S5 HBME valiBy SHHIRR LR @xhiipfe, '0f MgiS2 258D LKI2b3, SRSOSRE TiO2,

Ta205 or Zn&e 0P & steackudgfesuchrayersp Thé coaipositidh skpassiation fiid ishot steschiemétrically
limited and anysatiQ of atqrps maysba ysed. [9923hL3QInhe ypethed pf dgoducing a solar cell according
to the invention Ehe] annealing profile is not particularly limited. One exemplary annealing profile may

include a firs&% agle of annealing at a temperature of 600 to 900C, specifically 850C for 10 seconds to

5 minutés, specificallyr85t3@ saedritxiamt axeednd sy etofsadirsaling at aaeafpetatuse 60200 to

600C, specifigadly 50Q6nfor SR seepnds 4o d Qmingtes:spepifically 5 mingtesp W¥ithi this prefile, the
limited, but annealing in a reducing atmosphere is rather
preferred. This is because it becomes possible to prevent
precipitation of oxygen within the silicon substrate and to

15 promote the passivation effect of H,. Accordingly, from the
standpoint of better passivation and getter effects, the
annealing atmosphere is preferably air, H,, N,, O, or Ar or a
mixture thereof, more preferably H,, N,, or Ar or a mixture
thereof, and even more preferably H, or N, or a mixture

20 thereof.

[o0z22]

In the method of producing a soclar cell according to
the invention, the antireflection/passivation film is not
particularly limited. The passivation film may be selected

25 from a variety of films, for example, of MgF,, SiO,, Al,0,,
Si0, SiN, TiO,, Ta,0, or ZnS, or a stack of such layers. The
composition of passivation film is not stoichiometrically
limited and any ratio of atoms may be used.

[06023]

30 In the method of producing a solar cell according to
the invention, the annealing profile is not particularly
limited. One exemplary annealing profile may include a first
stage of annealing at a temperature of 600 to 900°C,
specifically 850°C for 10 seconds to 5 minutes, specifically

35 30 seconds and a second stage of annealing at a temperature
of 200 to 600°C, specifically 500°C for 30 seconds to 10

minutes, specifically 5 minutes. With this profile, the



first stage promotes the passivation effect by terminating dangling bonds, and the second stage
promotes the getter effect by suppressing re-release of impurities. Additionally, a third stage of
annealing or more may be included. Then a solar cell with even better electrical properties may be
produced. [0024] In the method of producing a solar cell according to the invention, the annealing
means in the annealing step is 10 not particularly limited. Any of annealing means may be used, for

example, a gontisdoys ageeglingnbirrace-using damp-heatens o frbatehwiserborzomal fupace. In the

case of multlci%tg e alpneglclgl%gs mentioned just ab veg%he annealin step f egd nat be a single

b
process. The annea m% step may be ' S%Sidgaci‘r?t%%ﬁrst, %%%oﬁé %Iﬁaqflajter S age%eo‘ t‘a&;ﬁ]ﬁealing. In
different stagd< ¥ apParatRPHR§ D GitHe? ideitRar6r SépardR1 10075]19n thé #rethé@ bf protiucing
a solar cell accerding ta: 2@ dlee tweatiardhertimiog ofdhe anagaling steplisaetparticuarlydimited.

Preferably the annealing sten is,aftefdhe damaton. oLaiffusionjaygr, and mare prelerably after the

formation of antireflection/passivation film. The annealing step after the formation of diffusion layer is
preferred beBL IS fivle getter sites are available, and thus the getter effect by annealing is more
promoted. Thé @hééaling step after the formation of passivation film is preferred because the

passivation effect byﬁmn@ﬁ@ngnéte%@t%@i@%ﬂsﬁh@&@@ﬁ%ﬁﬂ@&%@%@morsdﬁem% and 30
furthermore, the quantit{\( of electri% charrg‘fs t; the passivation fiL:rg\ is increased, the ability of silver

electrode to fotfh AR With the Si AbSHa"d ehtahged an %u%rmgasleﬁrelg r8SiSRANLE of a solar
cell canbe redicerh (00261 B35 theldeitctlof pAatliciy asoke el acte@ig fmathehevension, after
the passivatippfilexisigrmed i & passivatiensfilgidrraing gppaaius.dhe anngaling.gtep may be
o ot Som A SeparatLE P B e LI BH Aot KRS acham CE2 Gk Fe Shmealing sop
exerts its eff@8tltbhé MGGmaRT 94 tHis enbodifieht AR Gnhdaling 8P may bR GhAES Ul a
heating chambepwhiehds sispased dlosinstreanpoba éils-forming ehambariofdhe fidm-faaginge
apparafys. Alternafively; jhe apnealing sfepdnay b fafriad putip fhe figfouningchamper 1,
subsequent to film formation. Also, the _ _ ‘
different stages, the apparatus may be either identical or
separate.
[0025]
In the method of producing a solar cell according to
20 the invention, the timing of the annealing step is not
particularly limited. Preferably the annealing step is after
the formation of diffusion layer, and more preferably after
the formation of antireflection/passivation film. The
annealing step after the formation of diffusion layer is
25 preferred because more getter sites are available, and thus
the getter effect by annealing is more promoted. The
annealing step after the formation of passivation film is
preferred because the passivation effect by annealing due to
termination of dangling bonds is more promoted, and
30 furthermore, the quantity of electric charges to the
passivation film is increased, the ability of silver
electrode to form a contact with the Si substrate is enhanced,
and thus the series resistance of a solar cell can be reduced.
[0026]
35 In the method of producing a solar cell according to
the invention, after the passivation film is formed in a

passivation film-forming apparatus, the annealing step may be

-10-



to film-forming apparatus used herein may be of CVD or PVD mode, [0027] In the method of
producing a solar cell according to the invention, the conductivity type of a semiconductor substrate
may be either p-type or n-type. While the method 15 of producing a solar cell whose back surface is
entirely covered with an electrode is as described above, for example, the invention is also applicable
to a solar cell whose back surface is passivated. As one embodiment, the method of producing a solar
cell using anca-teecsitiqaresybsttate is=20 slescribed helovantowenei rthedsventian snay be
implemented, | j riety of I [ ition to the_ followi . The of the
invention is %c})ﬁ':bl?jrr(\i%%&ge %%thzéglo%v%?gén?ggé%%%ﬁl% t?% ?rtﬁ?/eg}%o%wvﬁl ?ngfj(?elbaﬁ%m%%diments

falling withinSRBEBHE of RRAZFTeHtePdaitis B062811 19 £16P2 iP4 brddsiSedtibhaligw showing
the structureacfvaagéneral solar celhof tivenlesckipassivationdype tiusttated it &4G. 2areae

semiconductor sulstrate ¢ndiffysiondegions &.and 9« antirgflectian/passivation fj;ns,3010 and 11, a
front electrode 12, and a back electrode 13. [OOga%“H&%_It is described how to manufacture the solar
i

cell of FIG. ¥ e SéhitdhddQof siS&taBY & A i5L6tenSn A8 Lt oA Wb EF & dbped
with an n-typefingpurity 85 seehasgpdsphbeus afid bagingid resistivity of Oabtad t@sem. The n-type
S”ic;on SbllJbStf)i@_:@éEr@)éb@@#Jh%“@Ed_ '@%&%@E‘l?i)gg@@?ﬁg&@i&n%éi"@Q&-r'rihdﬁiskrb?ﬁﬂf@t% bts%ﬁ‘gcl)z 0.30
preferably of plate shape. having dimensions o t m.squares and a thickness of 0.05 to O.
mm. The sur?%c?em 6?;?}[%‘;)1@%Iiccglnarsnrgbesliraﬁg%fﬁgtqcuoerpgsp?)ong%Jfol éIa ﬁé:ﬁf“rgégll\l/ing%%ﬁgde SP & solar
cell is pfovided Mt a¥iigaet SPRATAEKFoWS 23 tBRTiFd, formaxarhple? by it &rBingViR ancstsdic
solution to rgroove surface damages caused by slicing or the like, chemically etching in alkaline

solution, cleaning, and drying. [10Q30] &ON?)%:% %knoéhsap\l Qrthe like ﬁf‘%@@&%ﬁ'% gn ,E&e back

surface of the n-type silicon substrate by the plasma-enhanced CVD mentioned above. The n-type
silicon substfate i< PRI A hotfasComtaRing BB toF BRafple? semiconductor
substrate may be either p-type or n-type. While the method

15 of producing a solar cell whose back surface is entirely
covered with an electrode is as described above, for example,
the invention is also applicable to a solar cell whose back
surface is passivated. As one embodiment, the method of
producing a solar cell using an n-type silicon substrate is

20 described below. However, the invention may be implemented
in a wide variety of embodiments in addition to the following
one. The scope of the invention is not limited to the
following embodiment, but the invention will include all
embodiments falling within the scope of the appended claims.

25 [0028]

FIG. 2 is a cross-sectional view showing the structure
of a general solar cell of the back passivation type.
Illustrated in FIG. 2 are a semiconductor substrate 7,
diffusion regions 8 and 9, antireflection/passivation films

30 10 and 11, a front electrode 12, and a back electrode 13.
[0029]

It is described how to manufacture the solar cell of
FIG. 2. The semiconductor substrate 7 used herein is often
an n-type silicon substrate doped with an n-type impurity

35 such as phosphorus and having a resistivity of 0.1 to 4.0
Q-cm. The n-type silicon substrate may be either

monocrystalline or polycrystalline silicon. The substrate

-11-



at about 800C or higher, followed by a thermal diffusion is method of diffusing p-type impurity element
such as boron into only the front surface of the n-type silicon substrate, thereby forming a p-type
diffusion layer 8 having a sheet resistance of about 30 to 300 S-2/11 in the front surface. Then the
n-type silicon substrate is immersed in hydrofluoric 20 acid solution, for example, to etch away the SiN
and the vitreous layer formed on the n-type silicon substrate surface during diffusion. Thereafter, a

mask of SiN @s & like isferraed oty oF thel piype Hiiysiaklayagatihedin susface sidedythe
plasma-enh d CVD mentioned abave, The 25 n-type silicon substrate is placed,in a hot gas
containing Pa&)r%%ﬂors&uaﬁag, at' %c?ut%bjo%(gre ﬁfahg% f%llgv%e Bytél't grrﬁgl'dif u%%n method of
diffusing n-typehfmpteity’éleRienREck st phBRARET 6niyithé back SBFREE &F tHePn-Bjpse silicon
subs_trate, the@yﬁem@mn@ymﬂmpmlﬂyar BaEaha\timga_a. s_heeptesi@t_anee @ﬁaboL_ﬂ 30_to 300
Q/U in the back siface; Then the ndype silicon.substrate isagain immersed inhvdipflyaric acid
solution, for example, to etch away the SiN and the vitreous layer formed on thé n-type silicon

substrate suffcéBuftiig diffussht 35603 15 FurfRr Van SHEEACEISHIPASS Sati i1 % formed on
the front surfaté of naype stlicen substrateh dhecanfireflettidn/passivatiorkini 1@ isstypicallpmade of
S N and formed. by plagmasgRhansed,gVD, for example. A gas mixture of SIFT, and NH, is diluted
with N., and @{?Oas lasma is created by glow discharge decomposition, from which SIN is deposited.
The antireflection/passivation film is formed so as to have a refractive index of about 1.8 to 2.3, with
the refrettive index diffss&nceafrivmsthe PEtypeisikgontisostrbke talk@nfintongcc ovint Yarha thiekness of

about 500 toplk@R0 Aufer the:purposaof prevartingilight femsheisgreflectsd byre the surface of n-type
silicon substrafe s that light may be, gffectively taken intg the nype ;sli1i§on gubstrate, The SiN also
functions as passivation ﬁlm%avmg a passivation eftect to the p-type |ﬁ83|on1[ayer drlljring formation.
The passivafidtPéffé@ @nisinéd #itfthé AnfirdiettiGt effEQMS hprode S BlectriéA prépetfies of a
solar cell. Although e aatiEflechan/passivatioretlim ofvSiN isydesctibedrhereia iasfa §pical example, it

may be any gtMgEs Q. AleGy SIQSIL Qe Tagl ANEZNS S AYENASIACK Of SHEh javers, as
alluded to previously. 2000321 o
into Only the front surface of the n-type silicon substrate,

thereby forming a p-type diffusion layer 8 having a sheet

resistance of about 30 to 300 /0[] in the front surface.
Then the n-type silicon substrate is immersed in hydrofluoric
20 acid solution, for example, to etch away the SiN and the
vitreous layer formed on the n-type silicon substrate surface
during diffusion. Thereafter, a mask of SiN or the like is
formed only on the p-type diffusion layer at the front
surface side by the plasma-enhanced CVD mentioned above. The
25 n-type silicon substrate is placed in a hot gas containing
POCl,, for example, at about 800°C or higher, followed by a
thermal diffusion method of diffusing n-type impurity element
such as phosphorus into only the back surface of the n-type

silicon substrate, thereby forming an n-type diffusion layer

30 9 having a sheet resistance of about 30 to 300 Q/Ll in the
back surface. Then the n-type silicon substrate is again
immersed in hydrofluoric acid solution, for example, to etch
away the SiN and the vitreous layer formed on the n-type
silicon substrate surface during diffusion.

35 [0031]

Further, an antireflection/passivation film 10 is

formed on the front surface of n-type silicon substrate. The

~12-



Subsequently, an antireflection/passivation film 11 is formed on the back surface of n-type silicon
substrate. The antireflection/passivation film 11 is typically made of SiN and formed by
plasma-enhanced CVD, for example. A gas 25 mixture of SiH, and NH, is diluted with N,, and a gas
plasma is created by glow discharge decomposition, from which SiN is deposited. The
antireflection/passivation film is formed so as to have a refractive index of about 1.7 to 2.4 and a
thickness of ahetr2(0 ta-3,000 A awth thetpassiviation 3B effectiopadyaa difiiston layergnginly taken

into account. Et&e gm%adnlgiju%%ect Com% gﬁ Wlﬁ? VB"nE f;D]un ﬁggé%vatlgn Sggct to the n-type

diffusion Iayer The passivation e e antireflection éffect improves electrical

properties of B-3d1aF EelP Alfibligié 38 antifefbelivhfithséivERoN AilnPECSIN 3 fesefiBéd Rerein as a
typical exampke, itmay bé any of Mgr 4 5602 aA150 Si0:&Gilp iR da,0 fandnZns joheveirNa stack of

such layers, gs,glllaed4o p‘ﬂ‘(@”&%ﬁ’tﬂ@ﬂ@@%&%ﬁ?ﬂ%@%QWPﬁs'ﬁﬁgﬂ filgn 98%[%%30955“”30‘9

is first formed and the antireflection/passivation film on the back surface is later formed in the

illustrated erfiSodifheht e %r&&f&%ﬁﬁé&%ﬁ&é&ﬁ‘tlr%ﬁe@tpo%‘iﬁaél\?atﬁ)?\ fims 'm¥y b fir&t%n the
back surfaceraid ktdriorethienfilent stirffacer p033] fromOnie the antireflettidn/passivatforcilioss are

formed on thefrant angibacksusiaces asdeseribad aborg sanrealing ko Beatmentis garieg out by
the above- d%fscnbgg grocedure [00§4 Next acond ftlv Pais:.te co alnln sﬂvg SS frlD t, varnish

and the like, Tor exampl8 istseréen prl and érlgd onthe back Surtace of the sﬁ% Strate.
Subseddentlyh& 15CofriaetiaE p&st‘émtéﬁ%ﬁ@ﬁeﬁ@éésfﬁte\/a?ﬁlsﬁ%@ thedike, forexbfple, is
screen printeskard diied D thakwnt sudace.nkhetealige tka pastes fenthevespectivarlectiogdes are

fired at a tempgerat %%8&@98 WSQ0,10,9906G SWUSFPé’gae ggrﬁ‘bhe dRSF'}%% 12 %‘?s% 998'% lggtrode 13 are

20 formed. Although the screen prlntlng technique is as a typical'e ectrode orming
technique, efetfrgdés htaytR8o PetdRfed bl evaporatihy Sputterid 8r tHe ML {6035] IhtRe method
of producingreaery stadlineosilicontsatar 2okl usihgydart h-type shicon sabsikeateiasndescribed above, the

diffusionlayerhaving.a high.injerface stgie,densitydo herpassivated bydhe passivationdiimg on both

the front and back surfaces. Therefore, the effect of mprowrg_lL electrical grolpertles by aggll){lng the

anneamm)ggﬂﬁﬁﬁ&ﬁ&%ﬁ&ﬁon/pass1vatlon film N is de bed he
a typical example, it may be any of MgF,, Si0O,, Al,0,, S5SiO,

SiN, TiO,, Ta,0, and ZnS, or even a stack of such layers, as
alluded to previously.
20 [0032]

Subsequently, an antireflection/passivation film 11 is
formed on the back surface of n-type silicon substrate. The
antireflection/passivation film 11 is typically made of SiN
and formed by plasma-enhanced CVD, for example. A gas

25 mixture of SiH, and NH, is diluted with N,, and a gas plasma
is created by glow discharge decomposition, from which SiN is
deposited. The antireflection/passivation film is formed so
as to have a refractive index of about 1.7 to 2.4 and a
thickness of about 500 to 3,000 A, with the passivation

30 effect on n-type diffusion layer mainly taken into account.
The film mainly functions as a passivation f£ilm having a
passivation effect to the n-type diffusion layer. The
passivation effect combined with the antireflection effect
improves electrical properties of a solar cell. Although the

35 antireflection/passivation f£ilm of SiN 1s described herein as
a typical example, it may be any of MgF,, SiO,, Al,0,, SiO,

SiN, TiO,, Ta,0, and ZnS, or even a stack of such layers, as
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30 formation of the antireflection/passivation film is greater than the effect on use of a p-type silicon
substrate. EXAMPLES [0036] 35Examples and Comparative Examples are given below for further
illustrating the invention, but the invention is not limited thereto. [0037] Example and Comparative
Example A p-type silicon substrate of boron-doped p-type monocrystalline silicon which had been
sliced to a thickness of 0.2 mm and had a resistivity of about 1 O-cm was machined along the outer

periphery intg prs@ade phatg0f 1ogm per side.cHwipitypa silicon substrate was immersed in
fluoronitric acid soluté)f fog 15 s?conds for etchlng tge dam ed lﬁ%ﬁgi‘%hem' Ig etchedffor 5 minutes
A

in a solution |ao contalnlng Wi RO anaElW{bA |sopropyl alc Wa§f1ed With ©
deionized wateERR@E diel, Wierepy: atettlre WRTorned b’ﬁatﬁé%rfﬁéé%fﬂ*i’e Eft?pé@lﬁ%fon
substrate. Nexirthede-tyipe siicenr-sihstiaia was plaeed inaHQet-gasatvaspheaie andiseibjected to

thermal difusippat 16,2 lemneralus of 5706 oy SDiminules, Iereby fauning an upg,ayeron the

p-type silicon substrate. The n-type layer had a sheet resistance of about 40 ohm/s uare (Q/D) and a
depth of 0.4 fidA SAn %’Eldtlké‘éls‘l?ﬁﬁ}?e%HWé‘é:Eo&Eé@ o n-Wpe a§ef Lk mﬁiﬂ&%ﬂﬁep-type silicon

substrate )n Wag3imimersed in fluoronitric acid solution for 10 seconds to remove the n-type layer

where the acid resst@gtcrgs%gpag@gl%%@ggqqto;wggg'sagt%at@g&plt}gq%agggs%%@g was

removed, obtalnlng ap: type silicon substrate having an n- g pe layer onIy on the front surface.
e front and back surfaces as described "above, annealing

10 treatment is carried out by the above-described procedure.
[0034]

Next, a conductive paste containing silver, glass frit,
varnish and the like, for example, is screen printed and
dried on the back surface of the substrate. Subsequently, a

15 conductive paste containing silver, glass frit, varnish and
the like, for example, 1s screen printed and dried on the
front surface. Thereafter, the pastes for the respective
electrodes are fired at a temperature of about 500 to 950°C
whereby a front electrode 12 and a back electrode 13 are

20 formed. Although the screen printing technique is described
as a typical electrode forming technique, electrodes may also
be formed by evaporation, sputtering or the like.

[0035]
In the method of producing a crystalline silicon solar

25 cell using an n-type silicon substrate as described above, the
diffusion layer having a high interface state density to be
passivated by the passivation film is on both the front and
back surfaces. Therefore, the effect of improving electrical
properties by applying the annealing step typically after

30 formation of the antireflection/passivation film is greater

than the effect on use of a p-type silicon substrate.

EXAMPLES
[0036]
35 Examples and Comparative Examples are given below for
further illustrating the invention, but the invention is not

limited thereto.

-14-



25 Subsequently, by plasma-enhanced CVD using SiH4, NH3 and N2, an SiN film as
antireflection/passivation film was deposited to a thickness of 1,000 A on the n-type layer-bearing
surface of the p-type silicon substrate. [0038] 30Subsequently, the p-type silicon substrate was
annealed in a batchwise horizontal furnace under conditions: a N, atmosphere, a temperature of 600C
and a time of 10 minutes. The sample substrates were divided into two groups, the substrates in one
group were greated (Example) whereas the 35 substrates in the other group were not annealed

(Comparativgm%le)ar% %g%%§ﬁr{%c.eg9{fa%{%pee silicon substrates of both the groups, a

conductive aluminum paste was printed and dried at 150C. Thereafter, on the front surface of p-type
silicon substrates of Both th&Jfodds. SBledtt Bl @fSdePval 161 Red P4 Balhiwi®& horizontal
furnace by applying-g condudtive silvel pastevbyitiie $créebpeinting techhidgue and diyikg:ats$50C.
Subsequently, the substrates_ as treated thus far. were admitted into a firfjing furnace where the
conductive p%%teos’\?ve%mfiraélaﬁat%ar%a%rﬁﬁrﬁ gm}p%%ét}ﬂrg %]f §%8&§0 ?ort?n“é%%cﬁggegfacg?nlp?&?ng solar
cells. Electried| prgpéities of t@ thasersaidreselis vidre measuiede [QOB9te ofTablecnshimws average

values of elegirical prepertiss of ten salai celis raskiced s akaveilndanapie of Comparative

Example. IS[QQ%%]rE%t?LI Ilighggi% Cé.l(l)tlcg{rf&tl (rp@llforfg Ospeecno%EiCSUItfor etching the

damaged layer, chemically etched for 5 minutes in a solution
10 containing 2 wt% KOH and 2 wt% isopropyl alcohol (IPA) at

70°C, washed with deionized water, and dried, whereby a

texture was formed on the surface of the p-type silicon

substrate. Next, the p-type silicon substrate was placed in

a POCl, gas atmosphere and subjected to thermal diffusion at
15 a temperature of 870°C for 30 minutes, thereby forming an

n-type layer on the p-type silicon substrate. The n-type

layer had a sheet resistance of about 40 ohm/square (L/[1)

and a depth of 0.4 um. An acid resistant resin was coated on
the n-type layer, after which the p-type silicon substrate

20 was immersed in fluoronitric acid solution for 10 seconds to
remove the n-type layer where the acid resistant resin
coating was absent. Thereafter, the acid resistant resin
coating was removed, obtaining a p-type silicon substrate
having an n-type layer only on the front surface.

25 Subsequently, by plasma-enhanced CVD using SiH,, NH, and N,,
an SiN film as antireflection/passivation film was deposited
to a thickness of 1,000 A on the n-type layer-bearing surface
of the p-type silicon substrate.

[0038]

30 Subsequently, the p-type silicon substrate was annealed
in a batchwise horizontal furnace under conditions: a N,
atmosphere, a temperature of 600°C and a time of 10 minutes.
The sample substrates were divided into two groups, the
substrates in one group were annealed (Example) whereas the

35 substrates in the other group were not annealed (Comparative

Example). On the back surface of p-type silicon substrates of

-15-



Fill factor voltage (.4) (my) Conversion efficiency (%) Comparative Example Example 34.2 62177.4
16.4 34.9 62577.6 16.9 [0041] As seen from Table 1, electrical properties of solar 20 cells are
improved by the annealing step according to the

10

15

20

25

30

both the groups,
dried at 150°C.

silicon substrates of both the groups,

a conductive aluminum paste was printed and
Thereafter, on the front surface of p-type
a collector electrode
was formed in a batchwise horizontal furnace by applying a
conductive silver paste by the screen printing technique and
drying at 150°C.

far were admitted into a firing furnace where the conductive

Subsequently, the substrates as treated thus
pastes were fired at a maximum temperature of 800°C to form

electrodes, completing solar cells. Electrical properties of
these solar cells were measured.
[0039]

Table 1 shows average values of electrical properties
of ten solar cells produced as above in Example or

Comparative Example.

[0040]
Table 1
Short-circuit | Open circuit Fill factor Conx:rel_fsion

current voltage (%) efficiency

(mA/cm?) (mv) (%)
Comparative Example 34.2 621 77.4 16.4
Example 34.9 625 77.6 16.9
[0041]

As seen from Table 1,

electrical properties of solar

cells are improved by the annealing step according to the

invention,

being an absolute value of 0.5%.

Reference Signs List

[0042]

1 semiconductor substrate

2 diffusion region

3 antireflection/passivation film
4 BSF layer

5 front electrode

6 back electrode

7

semiconductor substrate

~16-

with the improvement in conversion efficiency




invention, with the improvement in conversion efficiency being an absolute value of 0.5%. Reference
Signs List 25[0042] 1semiconductor substrate 2diffusion region 3antireflection/passivation film 4SSE
layer 30 5front electrode 6back electrode 7semiconductor substrate 8diffusion region 9diffusion region
10antireflection/passivation film 11antireflection/passivation film 12front electrode 13back electrode
-17-

8 diffusion region

9 diffusion region

10 antireflection/passivation film

11 antireflection/passivation film
5 12 front electrode

13 back electrode
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CLAIMS: A method for producing a solar cell, comprising the steps of: forming an antire ec
on/passivation film on a semiconductor substrate, annealing the substrate, and then forming
electrodes on the substrate. to 2.The method of claim 1, further comprising one or both of the step of
forming a diffusion layer in the semiconductor substrate and the step of firing the electrodes. 3. The
method of claim 1 or 2, comprising the steps of Is forming a diffusion layer in the semiconductor
substrate, thenAamging an antireflection/passivation film on the diffusion layer, then annealing the
substrate, and thereafter forming electrodes, the step of forming electrodes including firing the
electrodes. 20 4. The method of claim 3 wherein the semiconductor substrate is of p-g%%, an n-type

diffusion layér-is fornfedGFANghE AEceRAnG SG#EEe f it edbstfated, ardPiR dritiBfe /passivation

film is formed oarthe d@iffusion 25 layer prior to the annealing step. S.The method of claim 3 wherein
the semiconductor substrate is ofN-type; adrtypediffusion dayerds fymed; an adightreceiving surface

of the substrate, an n-g/‘;e 30 diffusion layer is formed on the surface of the substrate opposite to the
light-receivingtaUtfAR B e SHfEhEETGh/passivation film is formed on each of the diffusion layers
prior to the annealingastepa3s BJT Heymethds sfrareonef claims 3 to 5 wherein the passivation film is

any one of MgF,, Si02nAlR086 83 nSiINs TdQA, rtaR0D, SRAHRS, Qriisstagk of such layers.

10 2. The method of claim 1, further comprising one or both
of the step of forming a diffusion layer in the semiconductor

substrate and the step of firing the electrodes.

3. The method of claim 1 or 2, comprising the steps of

15 forming a diffusion layer in the semiconductor substrate,
then forming an antireflection/passivation film on the
diffusion layer, then annealing the substrate, and thereafter
forming electrodes, the step of forming electrodes including
firing the electrodes.

20
4. The method of claim 3 wherein the semiconductor
substrate is of p-type, an n-type diffusion layer is formed
on a light-receiving surface of the substrate, and the
antireflection/passivation f£ilm is formed on the diffusion

25 layer prior to the annealing step.

5. The method of claim 3 wherein the semiconductor
substrate is of n-type, a p-type diffusion layer is formed on
a light-receiving surface of the substrate, an n-type

30 diffusion layer is formed on the surface of the substrate
opposite to the light-receiving surface, and the
antireflection/passivation film is formed on each of the

diffusion layers prior to the annealing step.
35 6. The method of any one of claims 3 to 5 wherein the

passivation film is any one of MgF,, SiO,, Al,0,, Si0O, SiN,

Tio,, Ta,0,, and ZnS, or a stack of such layers.
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7. The method of any one of claims 1 to 6 wherein the annealing step is at 200C to 1,000C. 8. The
method of any one of claims 1 to 7 wherein the of the annealing step is 10 seconds to 90 minutes. 9.
The method of any one of claims 1 to 8 wherein the annealing step is in an atmosphere of air, H,. N2,
02 or Ar or a mixture thereof. 10. A film-forming apparatus comprising means for forming a
passivation film and a heating chamber where anneal is carried out subsequent to formation of the
passivation film. The method of any one of claims 1 to 6 wherein the

annealing step is at 200°C to 1,000°C.

8. The method of any one of claims 1 to 7 wherein the

5 time of the annealing step is 10 seconds to 90 minutes.

9. The method of any one of claims 1 tc 8 wherein the
annealing step is in an atmosphere of air, H,, N,, O, or Ar or
a mixture thereof.

10
10. A film-forming apparatus comprising means for forming
a passivation film and a heating chamber where anneal is

carried out subsequent to formation of the passivation film.
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