DESCRIPTION TITLE OF INVENTION FIRING FURNACE FOR FIRING ELECTRODE OF SOLAR
CELL ELEMENT, METHOD FOR MANUFACTURING SOLAR CELL ELEMENT, AND SOLAR CELL
ELEMENT IoTECHNICAL FIELD [0001] This invention relates to a furnace for firing electrodes on
a solar cell device, a method for manufacturing a solar cell device using the furnace, and a solar cell
device. 15 BACKGROUND ART [0002] FIG. 1 illustrates in cross section the structure of a typical
solar cell device. This solar cell device 1 is 20 manufactured by starting with a p-type semiconductor
substrate 2 which is of plate shape having dimensions of 100 to 150 mm squares and a thickness of
0.1 to 0.3 mm and which is based on multicrystaH MCrystaHine silicon and doped with p-type
impurity such as boron. The substrate is 25 doped with an n-type impurity such as phosphorus to form
an n-type impurity layer 3 and covered wi laﬁ%nt&')rlgﬂ% j O til\rTlg 4 of SiN or the like. Conductive
aluminum paste and conductive silver pasf&m%m%eﬁ%e’ k and front surfaces, respectively,
by the sereen itRifganethidadiled@OR FIRING ELECTRODE OF SOLAR CELL ELEMENT,

METHOD FOR MANUFACTURING SOLAR CELL ELEMENT, AND

SOLAR CELL ELEMENT

10 TECHNICAL FIELD
[o0001]

This invention relates to a furnace for firing
electrodes on a sclar cell device, a method for manufacturing
a solar cell device using the furnace, and a solar cell device.
15

BACKGROUND ART

[0002]
FIG. 1 illustrates in c¢ross section the structure of a

typical solar cell device. This solar cell device 1 is

20 manufactured by starting with a p-type semiconductor
substrate 2 which is of plate shape having dimensions of 100
to 150 mm squares and a thickness of 0.1 to 0.3 mm and which
is based on multicrystalline or monocrystalline gilicon and
doped with p-type impurity such as boron. The subsgstrate is

25  doped with an n-type impurity such asg phosphorus te form an
n-type impurity layer 3 and covered with an antireflective
coating 4 of SiN or the like. Conductive aluminum paste and
conductive silver paste are applied to the back and front
surfaces, respectively, by the screen printing method, dried,

30 and fired, whereby an aluminum electrode 5 is formed on the
back surface as well as a back surface field {BSF) layer 6,
and a collector electrode 7 formed on the front surface.

[0003]



30 and fired, whereby an aluminum electrode 5 is formed on the back surface as well as a back
surface field (BSF) layer 6, and a collector electrode 7 formed on the front surface. [0003] FIG. 2
schematically illustrates a conventional mesh belt type firing furnace which is utilized in the step of
firing conductive pastes to form electrodes in the method of manufacturing the above-mentioned solar
cell device. While 5 the substrate 11 having conductive paste printed thereon is transportred by a

mesh belt 12 which isdiivercby ardriver i yialrollers1k6s ihe eerductiverpaste isdired inadneating zone
13 and coole]gl iT a cooling zone 14 to form electrades. Notabli}a cleaning tank 17 for removing any

contaminant® 5 10 tHB &t bR i MtEFSRdTREIE. 25[d0baT * 2SThermESK bEk FRing furnace
suffers from @ substantialhpower censueption hecafiserof«l large-bdatkscapacity of tke meshdzelt. Also,
although 2 rapid heatingjrapid copling profile s, 15 preferred 19 form a satisfastory BSF ayer on the
back surface of the soFar celtYevice using aluminum paste, Y p%:blgr% arises tha many fedters and
water cooling-aee sedessascn didensy proyidestndunesibetidising fomaceawitit asapicdrheating/rapid
cooling profil %? ]:h T, o?{v h roblems, for.example,.Patent Document 1 (JP-
H08-162446)€5i%c oggg the gsg f o&gvvs?greegg?%ggbéa%}zf‘% & (?)r%les Sbgl%f%o\ﬁﬁlere%yareé}]ﬁéiﬁ% t%g power
consumptionvofahe fitihg fernbee dritkredonifigahe figingaste tolimcfdase? 5 thesthneaghipw. FIG. 3 is a

schematic viewal 113 WiepsiIg pace. biele EALOS] ke BGIUNAcs. . glhsrate 21
coated with conductive paste is transported by a wire type transport member 22 W%IC is driven by a
drive 25 via RMMESR6 ASthelaiistizge pdsskd thrsugrensatiiee3@and cookagzones 33@nd 24,

eleCtrong a@f@rm@gh[QQQﬂ is illustrated in FIG. 2.
[0004]

The mesh belt firing furnace guffers from a substantial
power consumption because of a large heat capacity of the mesh
belt. Also, although a rapid heating/rapid cooling profile isg

15 preferred to form a satisfactory BSF layer on the back suxrface
of the solar cell device using aluminum paste, a problem
arigses that many heaters and water cooling are necessary in
order to provide the mesh belt firing furnace with a rapid
heating/rapid cooling profile.

20 [0005]

To solve these problems, for example, Patent Document 1
(JP-A HO08-162446) discloses the use of four wires instead of
the mesh belt for thereby reducing the power consumption of
the firing furnace and reducing the firing time tc increase

25  the throughput. FIG. 3 is a schematic view of this wire type
firing furnace. Like the mesh belt type firing furnace, a
substrate 21 coated with conductive paste is transported by a
wire type transport member 22 which is driven by a drive 25
via rollers 26. As the substrate is passed through heating

3¢ and cooling zones 23 and 24, electrodes are formed.
[0008]
In the method of Patent Document 1, the substrate

having conductive paste printed thereon is transported by the



wires with the substrate rested directly on the wires. In the heating zone of the firing furnace, however,
the temperature of wires is generally about 50C lower than the atmosphere temperature and the
substrate temperature. When 5 the substrate is fired with the front surface faced up, that is, with the
aluminum layer on the back surface kept in contact with the wires, aluminum once melted is left on the
wires at the contacts due to the temperature difference between the aluminum layer and the wires in
the heating zehedd ofitha fitihg famacer budding sipeah therwired.\Sueh alimindmdaildupnbecomes

hard aluminat Wehi%he%%nl gause flgwg %o %i‘ll]e al :anIinium %E%trrl%dce asl'%rcl)% ngIber of substrates subject to
firing treatmen}tllncreases. omé]tlmes, suth flaws become hard bosses, StivhidiiEells can be cracked

when cells arecifpstacked forcdackagiy. higgnes sise to alpprobledn thattheyicld bé maridacture is

reduced. [00Q7] __ The mecthod of Patent Document 1 agg hraés th roblem @&tfin th%event of firing

with the back surface faced u%?%Srtﬁgﬁg;ewnﬁ#e Silver electrode on the front surace ggﬁn contact

with the wire§raarkstofitiie Waressarbilef @dnvthéisilvéreeléctrade aporidinag fahief cam, cause:
disconnection gnduﬁe&ge%g%g r@%}]gﬁ%&f Qggggn%@lcecggd f%ﬁ%‘ﬁ%@é'?{t é%%OSﬂIgSA further

problem arises in the method of Patent Document 1. Since the temperature o wires is lower than
the atmospheérerdilSulistizte il thevhagting 2onendtie fivimgefuritadesthel gortiohs ofthékabstrate in

contact with the,wites are-waderheated, which.can cayse undelsintering of 30-silvey electrode and a
thickness distribution of BSF layer. As a result, the performance of the solar cell device is degraded.
[0009] between the aluminum layer and the wires in the heating zone

10  of the firing furnace, building up on the wires. Such
aluminum buildup becomes hard alumina, which can cause flaws
to the aluminum electrode as the number of substrates subject
to firing treatment increases. Sometimesz, guch flaws become
hard bosses, at which cells can be cracked when celis are

15 stacked for packaging. This gives rise to a problem that the
yvield of manufacture is reduced.

[cC07]
The method of Patent Document 1 also has the prcoblem
that in the event of firing with the back surface faced up,

206 that is, with the silver electrode on the front surface kept
in contact with the wires, marks of the wires are left on the
silver electrode upon firing, which can cause disconnection
and hence, degradations of performance and manufacture yield.
[ooog]

25 A further problem arises in the methcod of Patent
Document 1. Since the temperature of the wires is lower than
the atmosphere and substrate in the heating zone of the
firing furnace, the portions of the substrate in contact with
the wires are underheated, which can cause under-sintering of

30 silver electrode and a thickness distribution of BSF layer.
Az a result, the performance of the solar cell device isg
degraded.

{0009}



Also a firing furnace using wires as walking beams is known from Patent Document 2 (JP-A
2009-238991). FIG. 4 is a schematic view of the wire type walking beam conveyor firing furnace. This
walking beam type firing furnace includes two 5 stationary wires (or fixed beams) 32 extended parallel

and horizontal, and movable wires (vertically/transversely movable beams) 33 which can be driven in

vertical and transverse directions over predetermined strokes for transporting the substrate 31. These

fixed beams
respectively,
comprises a
substrate. Fl

the heating method using walkin
the fixed be;%rﬁlsrgf.c'?ﬁen rltar{'llel F’no%/
verticallyy moedd: upwaed 1o pick e thewsubswate Bt rosted 5 the fixedbeapss 32, faithenmoved

upward with
stroke. FIG.

32 and 10imovableheams 83:ate fxedly seguredrey: winding Dhirnls B4and 35
%/}’1@&9 nth@} g%n a?t%%rgr%:ct)%?h r% S p%nd Q%n%%ssg%.aghge iring furnace fuyrther
eating zone 36 for heating the substrate an

echasatipartiavenlargac viewef fixgdebeams 32 @rcemavablebeams 33004 0]

Subst %31 Eﬁtex%o%@fem&?!?%'& t(’f?é’%%%a%}

6 illustrates

?gﬁggg‘%%% %Qper limit of

a coo?lng Zohe 7‘foch%%liné thé hdated

at the substrate 31 Is rested on the movable beams 33. 25' Subsequently,
the movable hedas133 hawng thé subbtigie IEheldehdieovicare Btlvantsd oné swoke and stopped.

Next, the moyable heams 33 are vertigally maved dawaward fo deliver the subsirate 31 to the fixed

beams 32, further moved downward, retracted one stroke, and stopped, resuming the original 30

In

beams as shown in FIGS. 4 and 5, the substrate 31 is first rested on
B A e e e

position. In tH% WP B sisstidle isHEaCFeded by -opladifig Walking begmissto3coriiey the substrate
through, the heafing-andcoglingzones of the fynace. JO0LLL: by, fchapggover fimihe belt

conveyor system to the walking beam conveyor system enables a space saving of a unit necessary for
cooling to préditte’a rapi HrRatikg/fasd codhing firihgProfMeBuRgbletB I8 seshtRiactory BSF

15

z20

25

30

expanded as necessary. The firing furnace further comprises
a heating zone 36 for heating the substrate and a cooling
zone 37 for cooling the heated substrate. FIG. 5 is a
partial enlarged view of fixed beams 32 and movable beams 33.
[0010]

In the heating method using walking beamg as shown in
FIGS. 4 and 5, the substrate 31 is first rested on the fixed
beams 32. Then the movable beams 33 which are located below
the fixed beams 32 are vertically moved upward to pick up the
gsubstrate 31 rested on the fixed beamg 22, further moved
upward with the substrate 31 rested on the movable beams 33,
and stopped at the upper limit of stroke. FIG. 6 illustrates
that the substrate 31 is rested on the movable beams 33.
Subsequently, the movable beams 32 having the substrate 21
held thereon are advanced one stroke and stopped. Next, the
movable beams 33 are vertically moved downward to deliver the
gubstrate 31 to the fixed beams 32, further moved downward,
retracted one stroke, and stopped, resuming the original
poesition. In this way, the substrate is heat treated by
operating walking beams to convey the substrate through the
heating and cooling zones of the furnace.

[0011]



5 layer, and offers the advantages of reduced power consumption and shorter treating time. This
method, however, inevitably suffers from degradations of performance and manufacture yield of solar
cell devices since the substrate comes in direct contact with wires as well. 10 Citation List Patent
Document [0012] Patent Document 1: JP-A H08-162446 15Patent Document 2: JP-A
2009-238991 SUMMARY OF INVENTION Technical Problem [0013] 20An object of the invention,
which has been mada usdenthe-atzaves mantioned siTumstancesois toyprevwde wfurmace for firing
solar cell devici electrodes, which ensures effective firing of conductive paste to form an electrode on
= substrate By SHeVRIG & TSl S BbnBHE Pl CoRHL SR pASiE fromk 35 Bty tp B tFansport
members sunk asarias/tofcausectdmages to theoeleckode orsulasttaie ahddoyrmirdimizing firing
variations wigggih%su strafe Ianledgfgethg%{angg es tgom%m%facy%gtsol r c%ll devi %Ln high yields
without any |0Ss ot Solar celjrp rformance; a fethod for mamﬁa&unng A 361ar 30 Tell device using the
firing furhace;ainela selad celf Bevisethe advantages of reduced power consumption

and shorter treating time. This method, however, inevitably
suffers from degradaticons of performance and manufacture
yvield of solar cell devices since the substrate comeg in
direct contact with wires as well.

10

Citation List

Patent Document

[0012]
Patent Document 1l: JP-A HOB-16244¢6
15 Patent Document 2: JP-A 2009-238991
SUMMARY QF INVENTION
Technical Problem
fn013]
20 An object of the invention, which has been made under

the above-mentioned circumstances, is to provide a furnace for
firing solar cell device electrodes, which ensures effective
firing of conductive paste to form an electrode on a substrate
by preventing a metal component in the conductive paste from

25  building up on transport members such as wires to cause damages
to the electrode or substrate and by minimizing firing
variations within the substrate plane, and thus enables to
manufacture a solar cell device in high yields without any loss
of solar cell performance; a method for manufacturing a solar

30  ¢ell device using the firing furnace; and a solar cell device.

Sclution to Problem




Solution to Problem [0014] Making extensive investigations to attain the above object, the inventors
have found that when a furnace for firing solar cell device electrodes, comprising a transport 5 member
for transporting a substrate having a conductive paste applied thereto, a heating zone for heating the
substrate to fire the conductive paste, and a cooling zone for cooling the heated substrate is used, and
particularly when the transport member is of wire structure, and the wire transport member is io heated
by a heating means, so that the temperature of the transport member may approach to the

temperature of the h%atj{n zone atmos];_:)here durin% firin% of the eIectrodei;[Jast , the substrate can be

effectively heated. Thig pre\%n%{ gerﬁgta}r%or%rﬁ)\é%%ntl Mt é%%%dﬁgtivaétﬁgs € from r?r?]%}fr]ﬁeng on the is

wire after medting;dhus pnevents thecbuikd upofdhéanetdl thmponkatfrembansingeddmages to the

electrode or Elilbstrategggd plngﬁlfe%flnnigé/agftel%r%s within the substratlen Ianetll; is then possible to

fire the electrodtélﬁlgste N the manufacture of a solar cell devicé Without any 16sses ot 20 solar cell
performancerantyield Tthetinvastorrispredicatatbon thase firdmngsy [@0tSncuct Aeeordingly, the

. i o fir ’ ) p : ) 55 cell
dovice, a5 R Bon T b A B e Dl B B aore oo e
transport mefitysr foheranspoiting avsulisiate hading @conductivg pasteeagpliedthetdtoga teating

zone for heafjng the subsitate 1o dirg the,canduciiyg pasis. andia 39.cogling zppe fercoaling, the

heated substrate, the furnace further comprising a means for heating the transport member.
member is of wire structure, and the wire fransport member is

10 heated by a heating means, so that the temperature of the
transport member may approach to the temperature of the
heating zone atmosphere during firing of the electrode paste,
the substrate can be effectively heated. This prevents a
metal component in the conductive paste from remaining on the

15 wire after melting, thus prevents the buildup of the metal
component from causing damages to the electrode or substrate,
and minimizes f£firing variations within the substrate plane.
It is then possible to fire the electrode paste in the
manufacture of a solar cell device without any losses of

20 solar cell performance and yield. The invention is
predicated on these findings.

[0015]
Accordingly, the invention provides a firing furnace,
a method for manufacturing a solar cell device, and a solar

25 cell device, as defined below.

() A furnace for firing electrodes on a sclar cell device,
comprising a transport member for transporting a substrate
having a conductive paste applied thereto, a heating zone for
heating the substrate to fire the conductive paste, and a

36 cooling zone for cocling the heated substrate, the furnace

further comprising a means for heating the transport member.



(2) The firing furnace of (1) wherein the temperature difference between the heating zone atmosphere
and the transport member is 0 to 200C. (3) The firing furnace of (1) or (2) wherein the transport
member comprises at least two wires extended for parallel and horizontal motion in a longitudinal
direction of the furnace wherein the substrate is transported by the wires while it is rested thereon.

(4) The firing furnace of any one of (1) to (3) wherein io the transport member is of the walking beam
system. (5) The firingfisrnace ohany onrr0i41pto (4) whateindhe meansionheating e transport

member is an ele tricz_il means. 6) A methqd for manufacturing a solar cell devjce, comprising the
steps of form%ﬁg% gedﬁefﬁ(ﬁ%t%ﬁ H"’% (21% s%c%ﬁ&&&%gsﬁgﬁFatg, gﬁﬁﬁ%ﬁ%ec&{&tcws paste to a
light-receivingsutace:andnear-dghtireceiving surface. of the semiconductor substrate, and firing the
o AL T et RSEIE B o M R e
of (6). 5 member compriges at least two wires extended for parallel and
horizontal motion in a longitudinal direction of the furnace
wherein the substrate is transported by the wires while it isg
rested thereon.
(4) The firing furnace cof any one of (i) to (3} wherein
10 the transport member is of the walking beam system.
(5) The firing furnace of any one of (1) to {4) wherein the
means for heating the transport member 1s an electrical means.
(6) A method for manufacturing a solar cell device,
comprising the steps of forming a pn junction in a
15 semicenductor substrate, applying a conductive paste to a
light-receiving surface and non-light-receiving surface of
the semiconductor substrate, and firing the conductive paste
to form power-extracting electrodes,
the step of firing the conductive paste being
20 performed in the firing furnace of any one of (1) to (5).

{7) A golar cell device cbtained by the method of (6).

Advantageous Effects of Invention

[0016]

25 The invention intends that the wire temperature
approach to the temperature of the heating zone atmosphere or
the temperature of aluminum paste layer, particularly when a
wire firing furnace ig used in the firing of electrode paste.
The wire is heated at a temperature about 50°C higher than

30 the normal temperature so that the wire temperature is
substantially egqual to the temperature of the heating zone
atmosphere, priocr to firing. This prevents a lowering of

yvield by damaging of the electrode by the buildup on wires of



Advantageous Effects of Invention [0016] 25The invention intends that the wire temperature approach
to the temperature of the heating zone atmosphere or the temperature of aluminum paste layer,
particularly when a wire firing furnace is used in the firing of electrode paste. The wire is heated at a
temperature about 50C higher than 30 the normal temperature so that the wire temperature is
substantially equal to the temperature of the heating zone atmosphere, prior to firing. This prevents a
lowering of yiel bycleaagingebihaelectiode by dhabuddup-enyeeasof thesmetalisosponent in the
conductive paste, and enables continuous operation,of the wire firing furnace. This further minimizes
firing variatiohS Withiy e s (B&iF4ts BraheWhichark Gifetvide Buse B tife lowiéY e mperature of the
wire, thus suppresising any:toss 0f pefformance.Alse thefignade piavides=a highsthrawghput as
compared witkimeshwt}?lt tkilrinagrfurn%lcnes and the like. BcllegF I%ESCE&IPTION OF DRAWINGS:{f 10[0017]
FIG. 1 is a sChétiatic cross-sectional View Jéﬁ%w?r?gu%% stricture of ao@%ﬁaFggﬁ?%gﬁldg\e/ic%. FIG.
2 is a schematie: viewref, art exemplary meshibet firiyg luraac ef 1pEKIBrissansehentralisvief one
exemplary wirg ype fiing lmae &, » Fi§- s . shismaticyiew,olone exemplanyauire fung walking
beam firing furnace.

firing furnaces and the like.

BRIEF DESCRIPTION OF DRAWINGS

10 [0017]
FIG. 1 is a schematic cross-sectional view showing the
structure of a typical solar cell device.
FIG. 2 is a schematic view of an exemplary mesh belt
firing furnace.
15 FIG. 3 is a schematic view of one exemplary wire type
firing furnace.
FIG. 4 ig a schematic view of one exemplary wire type
walking beam firing furnace.
FIG. 5 is a partial enlarged view of fixed and movable
20 beams 1in the wire type walking beam firing furnace.
FIG. 6 1s a schematic cross-gectional view of a

movable beam having a substrate rested thereon.

DESCRIPTION OF EMBODIMENTS

25 [op18}

Embodiments of the invention are described below in
detail. Howevexr, the scope of the invention is not limited
to the illustrated embodiments because the invention can be
implemented in a wide variety of embodiments in addition to

30 the illustrated embodiments. The drawings are not depicted
to scale. Certaln members are depicted in enlarged gcale in
order to clarify the description and understanding of the

invention whereas insignificant parts are not depicted.



FIG. 5 is a partial enlarged view of fixed and movable 20 beams in the wire type walking beam firing
furnace. FIG. 6 is a schematic cross-sectional view of a movable beam having a substrate rested
thereon. DESCRIPTION OF EMBODIMENTS 25[0018] 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 can be implemented in a wide variety of embodiments in addition
to 30 the illustradted Embodiments. The drawings are not depicted to scale. Certain members are
depicted in enlarged sT%alep order t% clarify the escﬂigtion and understandiné; Ofdth\;ei vention
whereas insignificant pa?ts are mot depicta .e[ 9 ﬁrh\éefﬂﬁmlgofﬁlrﬁfcel& HET ioh is intended
for firing elecfrodéaoned salar cék device anckdefinedsds] caraptisiag artiamspnr e natzer for
transporting a gub%t{%tf 5 hgviggaa ?;O%dr ct%% ag,tre %%p%lieg rtggretg,rﬁbeating zone fq:r i%%ating the
substrate to {ir8 the condactive pasﬁe,pan a cooling zone for cooﬁr%g thé hieated Su srtraafe, and
characterizedhby further corngiiging aempass foradimatingdhé transport naerfber. 0§0020}e foin the

firing furnac:eh fatlg_ehjl%vegﬁignsgbes% Strate ﬁ%iﬂg A E%%d%c '%{Sﬁc‘?‘é %gp%%esdt@er%tg &s éested on the
transport member and transported through the furnace thereby. As the substraté is passed through the
heating zones el 1B ¢onductivEopasteds fired tolferremteldcteods thwtstructrd of the transport

member for (ransporing fe. 5 by further comprising a means for heating the
Lransport member.
10 [0020]

In the firing furnace of the invention, the substrate
having a conductive paste applied theretoc is rested on the
transport member and transported through the furnace thereby.
As the substrate is passed through the heating zone, the

15 conductive paste is fired to form an electrode. The
structure of the transport member for transporting the
gubstrate 1s not particularly limited, and may be any of mesh,
wire and other systems. Preference ig given to a wire firing
furnace wherein wires are used to convey the substrate. The
20 wire firing furnace enables firing at low power consumption
and high throughputs as compared with conventional mesh belt
firing furnaces.
[0c21]
Where the wire transport member is used, itsg structure
25 is not particularly limited, and it may have any of pricr art
well-known structures. Preferred are a structure wherein at
least two wires, typically two to four wires are extended for
parallel and horizontal motion in a longitudinal direction of
the furnace and driven by a drive via rollers ag shown in FIG.
30 3, and a structure wherein at least two wires, typically two
to four wires are extended parallel and horizontally in a
longitudinal direction of the furnace and movable when

necessary ag shown in FIG. 4. The wires used herein are



substrate is not particularly limited, and may be any of mesh, wire and other systems. Preference is
given to a wire firing furnace wherein wires are used to convey the substrate. The 20 wire firing
furnace enables firing at low power consumption and high throughputs as compared with conventional
mesh belt firing furnaces. [0021] Where the wire transport member is used, its structure 25 is not
particularly limited, and it may have any of prior art well-known structures. Preferred are a structure

wherein at legsido-wises trpigallystve te four vires-areaxtendad for paraliel and hosizanial motion in
a longitudinal direction of the furnace and driven by a drive via rollers as shown in FIG. 30 3, and a

structure whérgth Zti82sEBhGFELtYpiealy nfo to- itk WiresHre extéhddt parafierrasd horizontally in
a longitudinabditeatien of the furaase aaggravabla WhenRecassaings shaWALR Eaads The wires
used herein are preferably made of stainless steel such as 5135303 or 5135304 and also preferably
have a diam&g?gf 155 26 Hih¥3r ABaIaTE of Wirk Grehgth Bfid 1hdWe? BR_ImMPABA ntt¥ssary to
heat thediringiéipaacehie aiwise basweheat capacithsOepeagant @ its digmetesthpneat capacity
is preferably redd?é%rmined 9 that ﬁﬂ? power consumlption necessary to heat the firing%lfurnace may
be low. The &8e 0f a \?Vlrrréjt§/18e W%ﬁ’king Pearm'ss BREWN in "R ) f&ee%%’fﬁ@@ris %\}éﬁfigeous
because only-adove poivey consurmptonisyabaetessaryltodheat theofiriag furpacepe22] In firing the
electrode paste Ccﬁrdi%%t?n thag invgnt&%n, itIF{e Igrfgépoq member t%a\éing }Eh% sgbstrate rested thereon
is heated untll the %erﬁpera?ure ot tﬁe?ransport ) r RO amp.e, 18
advantageous because only a low power consumption is

10 necessary to heat the firing furnace.
[0022]

In firing the electrode paste according to the
invention, the transport member having the substrate rested
thereon is heated until the temperature of the transport

15 member becomes substantially equal to the temperature of the
heating zone atmosphere. In the event of a wire firing
furnace using a wire transport member, for example, the wire
as the transport member is preheated such that the
temperature of the wire is substantially equal to the

206  temperature of the conductive paste layer on the substrate in
the firing furnace. The lack of the temperature difference
between the wire and the substrate eliminates a
conventionally recognized phenomenon that a conductive metal
component in the hot conductive paste sticks to a cold wire,

25 and eventually prevents the metal component from building up
on the wire. This suppresses a lowering of yield by damaging
of the electrode by the buildup of the metal component on the
wire, even when the wire firing furnace is continucusly
operated. This alsoc minimizes firing variations within the

30 substrate plane caused by the low temperature of the wire,
thus preventing degradation of the performance.

[0023]

-10-



15 member becomes substantially equal to the temperature of the heating zone atmosphere. In the
event of a wire firing furnace using a wire transport member, for example, the wire as the transport
member is preheated such that the temperature of the wire is substantially equal to the 20 temperature
of the conductive paste layer on the substrate in the firing furnace. The lack of the temperature
difference between the wire and the substrate eliminates a conventionally recognized phenomenon

that a conductive metal companentis,theiat copdustive naste sticks i-a50ld wire2%:and;eventually

prevents the metal component from building up on the wire. This suppresses a lowering of yield by

damaging of € electetié BiAReDUREUR TFeRe MetiEcompehenitothesviey, sUenWHE tie wire

firing furnace,isconyjaugusly operatedy, This also minimizes filing yartions,withip the 3Q substrate
plane caused by the low temperature of the wire, thus preventing degradation of the performance.

[0023]  THE-ARRANE BRedirngthetriisport el IRdudd an EldGridd TERs 8f Hirdaty
heating the vgre by.applying-avgltage agrass theydnertagonsitet AL DS elersentAlovs Suitable
means of indirectly heating the wire include a means 5 of lamp heating the wire itself by providing a
heating areaBt&§id8%he ifind FimB8e T FEGR ofhdSEAG The il Spflyiyr&eam to the wire
outside the fitingdumnase; ang aymeans okheatig dieswive itselbhy sviadingra cail around the wire and
conducting e\%ectric flow to the coil. 10 An d%wf these means may, be em IogLed for heatin% the wire. Of
these, however, the means fairg‘gﬁ’gpﬁeg JfRNre istz’ﬁpe o Froht Bife- hspctd bFE68Faid space
because the meaansaafindifedtlycheating thadviteretjuiresprovsiontaf achdaling areardudsideithe firing

furnacel.GAccggldin_ctJ% hg 15 means of directl hg%tirl the Wi£e is greea{%ragg %Igcted. Use of such

I
. ege Mmeans pa G fo in ire.
heatlng means \éllmlna es ﬁ1e emperatt“ur Irerence ?Ween e wire a the en‘ﬂre %ubs rié:tte and

eliminates a tbrewentidnathy vecognized pleemeEmerion that diol goheadtivecpadte swdks=toia cold wire,

and eventualslxlzolpreverg%tjhe etal csom nent%n t%esgo%dugtivegaste%from buildi%u on the wire.

This suppressegea I%?v]{rering of yle gb?/ an?aéslng of the elecf}odes%yctﬁe %ﬁaﬁg%f Fne metal

component orftheniter ant bisdishibitsaldgradatioreofrreyperfosmanee dukcto frihgavariations within
theSUbsuauﬁéggkﬂgtarea outside the firing furnace. Accordingly, the
15 means of directly heating the wire is preferably selected.
Use of such heating means eliminateg the temperature
difference between the wire and the entire substrate and
eliminates a conventionally recognized phenomenon that hot
conductive paste sticks to a cold wire, and eventually
20 prevents the metal component in the conductive paste from
building up on the wire. This suppresses a lowering of yield
by damaging of the electrede by the buildup of the metal
component on the wire and also inhibits degradation of the
performance due to firing variations within the substrate
25 plane.
[0024]

The temperature (firing temperature} of the heating
zone 1s typically 500 to 950°C, preferably 600 to 850°C, and
the heating time is preferably 5 to 30 seconds. Also

30 preferably the temperature of the coocling zone is 25 to 500°C,
and the cooling time is 5 to 30 seconds. The atmosphere in
the furnace may be air. Preferred is an atmosphere which

allows an organic material in the conductive paste to be

] -



[0024] The temperature (firing temperature) of the heating zone is typically SOO to 950C,
preferably 600 to 850C, and the heating time is preferably 5 to 30 seconds. Also 30 preferably the
temperature of the cooling zone is 25 to 500C, and the cooling time is 5 to 30 seconds. The
atmosphere in the furnace may be air. Preferred is an atmosphere which allows an organic material in
the conductive paste to be burnt off. On the other hand, the temperature of the transport member is

substantiallyigual to,the teraperatire afiihe heating zene afppsehere,prefgrably,in the range of S00
to 950C, and more preferably in the range of 600 to 850C. As used herein, the phrase that "the

temperature B #EBaESSIEREPRDErSs Tubstaiiiaty tdiiameiRe tdApERRufEERREHeA RgYDNe

atmosphere'tmeans shatiihe fempetatuiesdiferenceietweenthe transperd member ard the heating
zone atmosphere is in a range of 0 to 200C, preferably 0 to 100C, lo more preferably 0 to 20C, and
even more prétefadly 610 30E. BH25PT € L Nk e Foldhe I ideRme whichds nish#adtlifed by the
method gising ¢he fieng fwpage of thesinventier isdescrivedeAs shpwrdn b6 . 45 fanaxample, the
solar cell device 1 includes a silicon substrate 2 as_the base, an n-type diffusion layer 3, an
antireflective COHMG A 5f §W8Ffﬁel1ﬁ<estwéﬁettﬁ'ﬂ%]&¥uﬁ%@&olé%t&h&e&%@ée?%B'ﬁ]ﬁ@cféja to the
n-type diffusiondayenarn ihe #emsuitatesdight-teceivingsurface) of subskaieezaswell as a back 10
electrode 5 %ﬁ; % back surf%c% field (B%{ Ig%er 6 on trée back surface of %l%l/) trate 2. [0026] Described
below is the HethSd SFFartFAdiTiiy 5¥oldrcdirdside BEtsahgt8thé IR eidh BistL Shbstrate,
is typically pdype sitibersubistrate is pravided.ckheoptype: sitican sphsifiealsed aftenchasoa vesistivity
of 0.1 to 4.0 Q-cm. It may be. ejither. multi talline_or monocrystalline and is preferably of plate shape
having lcﬂmeﬁ%lgﬁs %ﬁ% & 1%8 nE)rrnn: s%%ﬁ? ana%%hﬁ:\ﬁ%%sgé of 6.1 %a[}ﬁ? s%incﬁgat{e) aba ove.
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20 The surface of p-type silicon substrate that corresponds to the light-receiving surface of a solar cell
device is provided with a rugged structure known as texture, for example, by immersing in an acidic
solution, chemically etching in alkaline solution, cleaning, and drying. The rugged structure induces
multiple 25 reflections of light at the light-receiving surface of a solar cell device. Therefore, by forming
a rugged structure, effective reflectance is reduced, and conversion efficiency is improved. Hereinafter,
one surface ghp-yne silicon substrate serving as the light-receiving surface of a solar cell device 30 is
referred to as front surface, and the other surface of p-type silicon substrate opposite to the

light-receiving surfacB5&fefefrB8 15 A Pack Stitfal&V[HoR 71 iciNgR, BRIP-bisE 4hech Bdbstrate is

placed in a hehgascontaining RRCLBfor example atabost 880€1x higherfolleweddy a thermal
diffusion method of diffusing n-type impurity such as phasphorus into the p-type sjlicon substrate over
its entire surfaR8CherEhy fonz?‘ﬁ’lng}é?lwﬁgtﬁﬁg diffisioh’ laf&r (S BERMBarity Gy & 1i the Sdrtace. Itis
noted that whierr theentype difiusion layeriisfesned hydhetmal diffugsion ibesstype diffusion layers
may be formed on opp .s%'tg surface§ and ean surfacestof a @-ltype silicon 10 substrate. In this case,
unnecessarynn-}_‘%%edl tsion é;cl)é:lrs rﬁéﬁ? be rém%ﬁl/e%rbyli]fnemer%ﬁ:n%lﬁﬁ% r?—?fbtelé}ﬁ’céln 8 bés[?@{e, in
which the sutface oé thei Recessary: nstypaedifusicnulafers coveledwith axlacid resistant resin, in
fluoronitric acid Iasgététkon orttcr)letl'ﬁ,lge. Th% abov% i_l)%%%ed.ure rt_aLsuIts in a 15%ﬁgb%trate havin apn

junction. [oof %gt, an antireflective coa ng of SiN or The fike'1s forme %%nt%esslﬁr ace of the

p-type silicon{3ulsstiate sfor exampl e Upyia plasnrs: eahancethCY D2mettsodvasdihgzammoni; 20 silane,
nitrog_e% hydégg%Q or g%e I_Eijkea 1[810%9] a ckOQJQ‘F éJggk gygix&e %g}_e) SLi%strate,sa cong%ctive paste
g i

containing aluminum, glass frit, varnish and the like, for example, is screexepjfinteéna]m dried. On the
front 25 surfaeesia contirtive phsteudoritaimfrg Silver, glass frit, varnish and the like, for example, is
screen printepo%ri% ried to form a collector electrode. Thereafter, the pastes for the respective
electrodes are fired'in the firing furnace of the invention, whereby an aluminum electrode and a BSF
layer are 30 formed die#RBaEdsi¢dceand a$ifvepetd@rbdelformedies the frbfit Surs@éérThe shape

of the power-gxfractingelectrodes-an the front and Hacksurtaces isinatparticlady sy e

15 typically p-type silicon substrate is provided. The p-type
silicon substrate used often has a resistivity of 0.1 to 4.0
(}-cm. It may be either multicrystalline or monocrystalline and
is preferably of plate shape having dimensions of 100 to 150 mm
aquares and a thickness of 0.1 to 0.3 mm, ag indicated above.

20 The surface of p-type silicon substrate that corresponds to the
light-receiving surface of a solar cell device is provided with
a rugged structure kncown as texture, for examplie, by immersing
in an acidic solution, chemically etching in alkaline solution,
cleaning, and drying. The rugged structure inducesg multiple

25 reflectiong of iight at the light-receiving surface of a solar
cell device. Therefore, by forming a rugged structure,
effective reflectance is reduced, and conversion efficiency is
improved. Hereinafter, one surface of p-type silicon substrate
gerving as the light-receiving surface of a solar cell device

30 ig referred to ag front surface, and the other surface of
p-type silicon substrate opposite to the light-receiving
surface is referred to as back surface.

{0027]
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limited, and electrodes of any desired shape like comb or grating-shape can be fired in the furnace of
the invention. The firing conditions are as alluded previously. EXAMPLES 5[0030] Examples and
Comparative Examples are given below for further illustrating the invention, but the invention is not
limited thereto. [0031] io Example and Comparative Example A p-type silicon substrate of
boron-doped p-type multicrystalline silicon which had been sliced to a thickness of 0.2 mm and had a

resistivity of about 1 Qzcm yva\_sﬂrgaghi@gglgﬁt_[@oglutgﬁgg@%eﬂ intg 3 ,5quare plate.of. 15 cm per 15

side. The p-type silicon substrate was imimersed in fluoronitric acid solution for 15 secpnds for etching
the damagediafer ShefdigdllyteteRed for 5 PiinGte A Esolatiorbemtaintig 2Avios KOM R .2 wi%

isopropy! alcehal {IEA)25:{0G, washethwith deiqnized, watemanrd Jried; Wherehy 40 {gxfure was
formed on the surface of the p-type silicon substrate.
impurity such as phosphorus into the p-type silicon substrate

5 over its entire surface, thereby forming an n-type diffusion
layer {(n-type impurity layer) in the surface. It is noted
that when the n-type diffusion layer is formed by thermal
diffusion, the n-type diffusion layers may be formed on
opposite surfaces and end surfaces of a p-type silicon

10 substrate. In this case, unnecessary n-type diffusion lavers
may be removed by immersing the p-type silicon substrate, in
which the surface of the necessary n-type diffusion layer is
covered with an acid registant resin, in flucronitric acid
solution or the like. The above procedure regsults in a

15  substrate having a pn junction.
[0028]

Next, an antireflective coating of SiN or the like is
formed on the surface of the p-type silicon substrate, for
example, by a plasma-enhanced CVD method using ammonia,

20 silane, nitrogen, hydrogen or the like.
[0029]

On the back surface of the substrate, a cenductive
paste containing aluminum, glass frit, varnish and the like,
for example, is screen printed and dried. On the front

25  surface, a conductive paste containing silver, glass frit,
varnish and the like, for example, is gcreen printed and dried
to form a cocllector electrode. Thereafter, the pastes for the
respective electrodes are fired in the firing furnace of the
invention, whereby an aluminum electrode and a BSF layer are

30 formed on the back surface and a silver electrode formed on
the front surface. The shape of the power-extracting
electrodes on the front and back surfaceg is nct particularly

limited, and electrodes of any desired shape like comb or

-14-



[0032] Next, the p-type silicon substrate was placed in a POC13 gas atmosphere and subjected to
thermal diffusion at a 25 temperature of 870C 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 (WO). An
acid resistant resin was coated on the n-type layer, after which the p-type silicon substrate was
immersed in 30 fluoronitric acid solution for 10 seconds to remove the n-type layer where the acid
resistant resig.coating was.asent, Thereaftarhe acid Lesigiant resin goating was. femgyed, obtaining
a p-type silicon substrate having an n-type layer only on the front surface. [0033] Subsequently, by
a plasma-enfafcetLEVEImethst: b3 amironie gad, $ikee atENtedgehigas, an antireflective
coating of SiN was deposited to a thickness of 100 nm on the n-type layer-bearing surface of the
p-type silicon substrate. Next, on the back surface of the antireflective coating-bearing substrate, a
conductive aluminum paste was 10 printed and dFeE4EHC. Thereafter, on the front surface, a
conductiye silves papte was applied by a screen printing technique and dried at 150C to form a
collector electrode. [0034] ) ‘

Examples and Comparative Examples are given below for
further illustrating the invention, but the invention is not
limited thereto.

o031}

10 Example and Comparative Example

A p-type silicon substrate of boron-doped p-type

multicrystalline silicon which had been sliced to a thickness

of 0.2 mm and had a resistivity of about 1 Q-cm wasg machined
along the outer periphery into a square plate cf 15 cm per
15 side. The p-type silicon substrate was immersed in
fluoronitric acid solution for 15 seconds for etching the
damaged layer, chemically etched for 5 minutes in a solution
containing 2 wt% KOH and 2 wt% isopropyl alcohol (IPA} at
70°C, washed with deionized water, and dried, whereby a
20 texture was formed on the surface of the p-type silicon
substrate.
[0032]
Next, the p-type silicon substrate was placed in a
POCl; gas atmosphere and subjected to thermal diffugion at a
25  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 (£/00).
An acid resistant resin was coated on the n-type layer, after
which the p-type silicon substrate was immersed in
30 fluoronitric acid solution for 10 seconds to remove the
n-type layer where the acid resistant resin coating was

abgsent. Thereafter, the acid resistant resin coating was

-15-



Subsequently, the substrate as treated thus far was admitted into a wire type walking beam firing
furnace as shown in FIG. 4 where the conductive pastes were fired at a maximum temperature of
800C into electrodes. At this point, electric current was controlledly conducted across the wires so that
the temperature of the wires became equal to the temperature of the heating zone atmosphere. The
temperature in the firing furnace (heating zone) was measured by 10 inserting a K-series
thermocouple. fhy, Keyence,Corm.).and,the temperatirg ofa witg was meased by placing a K-series
thermocouple in contact with the wire. It was confirmed that the temperature of the"'wires was
substantially gtiEP® the ¥&mpefaliresdf tHechdatpigtzomerdifsphere (wire temperature: 15 7950C).
This concomitapthyseliminated a phenomenon that hot aluminum sticks to a cold wire, in contrast to the
event where the wires were not treated by any means, and eventually prevented aluminum from

building up on the wireSPFRITERBIdY a |dWe P oA ufRIFBSAEd CatisBE By AniadiRg of 20

aluminum elegirpsieiky hedbuildup-ofaluminum epdhe wikgs andalsq avaids aleweripg of manufacture
yield caused by a phenomenagn that when substrates with an aluminum electrode having flaws in the

form of boss€§ afe BEcRed, Y SRS dRRAS 58 bFskeh & Ho8EEs A atRifidA™ 287Ié&Fode
paste firing variatgrs witkisthe substigtesplang ckiede lewdemperaiuresefiwires appitimized,
whereby the distribution of resistance and BSF can be reduced for preventing a drop of conversion

efficiency. FAFHErmOrE: thaTifdiiie of tHe Aoduittcdr fe Brferdet 5 festining 30 acceleration of
degradation-with+aigesefitba sotar calldsitiateteffom ftavrsiindbe-wduranuni electrode 0354 By firing
accordiné:; to the aQO\ge Broge%ur.e, Q00 iﬁlgg gell devices were manufactured. Table 1 regorts the
performance df the §Siar Beil d&vices Ahdthe yield atteF e firiTd steprTh ‘?/iejf& % pRYE 1A

those substrates &rdevotid oéthei Abenve-palicatedrproldems {exdckybesscreen printing

technigue and dried at 150°C to form a collector electrode.
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appearance anomaly) relative to the number of substrates admitted to the firing step. [0036] In
contrast, the data of Comparative Example are those 10 of solar cell devices which were fired in the
same wire firing furnace as in Example, without heating the wires. The temperature in the firing
furnace (heating zone) was measured by inserting a K-series thermocouple, and the temperature of a
wire was measured by placing a K-series thermocouple in 15 contact with the wire. It was confirmed
that the tempgggtiue of the wires was about 50C lower than the temperature of the heating zone
atmosphere. As seen from Table 1, improvements in solar cell performance and manufacture yield are

expectable from the BESRABFRRGHurie STHRE PoARTemdnt B8 Tohshared iffftherg step of

Comparativesaxamples Thase imprpvements are,mainly atigbutable 1o the elimination of a temperature
drop of the wires. [0037] 25Table 1 Yield Conversion efficiency Example 97.7

shown in” FIG. 4 where the conductive pasgstes were fired at a

5 maximum temperature of 800°C into electrodes. At this point,
electric current was controlledly conducted across the wires
so that the temperature of the wires became egual to the
temperature of the heating zone atmosphere. The temperature
in the firing furnace (heating zone) was measured by

10 inserting a K-series thermocouple (by Keyence Coxp.), and the
temperature of a wire was measured by placing a K-series
thermocouple in contact with the wire. It was confirmed that
the temperature of the wires was substantially equal to the
temperature of the heating zone atmosphere (wire temperature:

15 7%95°C). This concomitantly eliminated a phenomenon that hot
aluminum sticks to a cold wire, in contrast to the event
where the wires were not treated by any means, and eventually
prevented aluminum from building up on the wires. This
avoids a lowering of manufacture yield caused by damaging of

20 aluminum electrode by the buildup of aluminum on the wire,
and also avoids a lowering of manufacture yield caused by a
phenomenon that when substrates with an aluminum electrode
having flaws in the form of bosses are stacked, the
gsubstrates can ke broken at the bosseg. In addition,

25 electrode paste firing variations within the substrate plane
due to low temperature of wires are minimized, whereby the
distribution of resistance and BSF can be reduced for
preventing a drop of conversion efficiency. Furthermore, the
lifetime of the module can be extended by restraining

30 acceleration of degradation-with-age of the solar cell
initiated from flaws in the aluminum electrode.

[0035]
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14.9 Comparative Example 95.4 14.8 Reference Signs List [0038] 1: solar cell device 2: substrate
3: n-type impurity layer 5 4: antireflective coating 5: back surface electrode 6: BSF layer 7: front
surface collector electrode 11, 21, 31: substrate 1012: mesh belt 13, 23, 36: heating zone

10

15

20

25

By firing according to the above procedure, 1,000
solar cell devices were manufactured. Table 1 reportg the
performance of the solar cell devices and the yield after the
firing step. The yield is a pasg rate of those substrates
devoid of the above-indicated problems (crack, boss,
appearance anomaly) relative to the number of substratesg
admitted to the firing step.

[o036]

In contrast, the data of Comparative Example are those
of solar cell devices which were fired in the game wire
firing furnace as in Example, without heating the wiresg. The
temperature in the firing furnace {(heating zone)} was measured
by inserting a K-series thermocouple, and the temperature of
a wire was measured by placing a K-seriesg thermocouple in
contact with the wire. It was confirmed that the temperature
of the wires was about 50°C lower than the temperature of the
heating zone atmosphere. As seen f£rom Table 1, improvements
in golar cell performance and manufacture yield are
expectable from the use of the firing furnace of the
invention, as compared with the firing step of Comparative
Example. Thesefimprovements are mainly attributable to the

elimination of a temperature drop of the wires.

10037]
Table 1
Yield Conversicn efficiency
(%) (%)
Example 97.7 14.9
Comparative Example 95.4 14.8

Reference Signs Ligt
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14, 24, 37: cooling zone 34, 35: roll 15, 25: drive 1516, 26: roller 17: cleaning tank 22: wire transport
member 32: fixed wire (fixed beam) 33: movable wire (movable beam) -19- CLAIMS: 1.A furnace for
firing electrodes on a solar cell device, comprising a transport member for transporting a substrate s
having a conductive paste applied thereto, a heating zone for heating the substrate to fire the
conductive paste, and a cooling zone for cooling the heated substrate, the furnace further comprising a
means for hepiingdhe transport member. 10 2The firing furnace of claim 1 wherein the temperature

1: solar cell device
substrate

n-type impurity layer

2
3
5  4: antireflective coating
5: back surface electrode
6: BSF laver

7: front surface collector electrode

11, 21, 31: substrate
10 12: mesh belt

13, 23, 36: heating zone

14, 24, 37: cooling zone

34, 35: rolli

15, 25: drive
15 16, 26: roller

17: cleaning tank

22: wire transport member

32: fixed wire ({(fixed beam)

33: movable wire (movable beam)

18~



difference between the heating zone atmosphere and the transport member is 0 to 200C. 3.The firing
furnace of claim 1 or 2 wherein the is transport member comprises at least two wires extended for
parallel and horizontal motion in a longitudinal direction of the furnace wherein the substrate is
transported by the wires while it is rested thereon. 20 4.The firing furnace of any one of claims 1 to 3
wherein the transport member is of the walking beam system. 5. The firing furnace of any one of
claims 1 to 4 whergin.the means for heating the transport member is an electrical 25 means. 6. A
method for manufacturing a solar cell device, comprising the steps of forming a pn junction in a
semiconductor substrate, applying a conductive paste to a 30 light-receiving surface and

non-light-recgiving surfage,of the serpiconducior substrategand firing the-gondugtive paste:toform
power-extracting electrodes, the step of firing the conductive paste being performed in the firing
furnace of arfyPoRE 6FfciB& 116 F TROEbIFERIP GevicR ot amBERR thé He ol YIRS,

5 having a conductive paste applied thereto, a heating zcne for
heating the substrate to fire the conductive paste, and a
cooling zone for cooling the heated substrate, the furnace

further comprising a means for heating the transport member.

10 2. The firing furnace of claim 1 wherein the temperature
difference between the heating zone atmosphere and the

transport member 1s 0 to 200°C.

3. The firing furnace of claim 1 or 2 wherein the

15  transport member comprises at least two wires extended for
parallel and horizontal motion in a longitudinal direction of
the furnace wherein the substrate is transported by the wires

while it is rested thereon.

20 4. The firing furnace of any one of claims 1 to 3 wherein

the transport member is of the walking beam system.

5. The firing furnace of any one of claims 1 to 4 wherein
the means for heating the transport member is an electrical

25 means.

5. A method for manufacturing a solar cell device,
comprising the steps of forming a pn junction in a
semliconductor substrate, applying a conductive paste to a

30 light-receiving surface and non-light-receiving surface of
the semiconductor substrate, and firing the conductive paste

to form power-extracting electrodes,

~20-



the step of firing the conductive paste being

performed in the firing furnace of any one of claims 1 to 5.

7. A solar cell device obtained by the method of claim 6.
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