DESCRIPTION TITLE OF INVENTION 5METHOD FOR MANUFACTURING SOLAR CELL ELEMENT
AND SOLAR CELL ELEMENT TECHNICAL FIELD 10[0001] This invention relates to a method
for manufacturing solar cells, and solar cells obtained therefrom. BACKGROUND ART 15[0002]

In general, conventional solar cells have the structure shown in FIG. 1. In FIG. 1, a p-type
semiconductor substrate 1 is typically a plate of poly- or monocrystalline silicon dimensioned 100 to
150 mm squares by 0.1 to 0.3 mm 20 thick which is doped with a p-type impurity such as boron. On
the substrate 1, an n-type diffusion layer 2 is fopnedpydoning it with an n-type impurity such as
phosphorus, and an antireflection film 3 of silicon nitride (SiN) or the like is formed. On the back
surface, a back electrode 6 and a 25 back-surface field (BSF) layer 4 are formed at the same time by
printing a conductive aluminum paste therétoByséteelprirtindg ®&chnique, drying and firing. On the
front surtace, a collecteralactrode torfroni electiodeyd isdomred by priptingrRrcoNglustive silver paste
thereto, drying and firing. 30 A solar cell isgpanyfactured ﬂl%i@‘ﬁy It is noted that the front surface
refers to one surface of a substrate serving as the light-receiving side of a solar cell and the back
surface refers to another surface of the substrate opposite to the light-receiving side. 35When the
collector electrode is formed by the screen printing technique, a single printing step is limited to a
thickness of 30 um at maximum relative to adipeidin,of 3@ ym, with a substantial thickness
variation.The %‘S%tﬁde resistance thus increases, becoming a deleterious factor against an

. 16 . . -
|mprovement[|n conversion eff|C|ency.
This invention relates tc¢ a method for manufacturing

solar cells, and solar cells obtained therefrom.

BACKGROUND ART

i5 (o002}

In general, conventional solar cells have the
structure shown in FIG. 1. In FIG. 1, a p-type semiconductor
substrate 1 is typically a plate of poly- or monocrystalline
silicon dimengioned 100 to 150 mm sguares by 0.1 to 0.3 mm

20 thick which is doped with a p-type impurity such as boron.
On the substrate 1, an n-type diffusion laver 2 is foermed by
doping it with an n-type impurity such as phesphorus, and an
antireflection film 3 of silicon nitride {(SiN} or the like is
formed. On the back surface, a back electrode 6 and a

25 back-~surface field (BSF) layer 4 are formed at the same {ime
by printing & conductive aluminum paste thereto by screen
printing technigue, drying and firing. On the front surface,
a collector electrode (or front electrode) 5 is formed by
printing a conductive siliver paste thereto, drying and firing.

30 A solar cell is manufactured in this way. 1t 1s noted that
the front surface refers to one surface of a substrate
serving as the light-receiving side of a solar cell and the
back surface refers to another surface of the substrate
cpposite to the light-receiving side.

35 When the collector electrode is formed by the screen
printing technigue, & single printing step is limited to a

thickness of 30 um at maximum relative to a line width of 10¢



[0003] For the purpose of reducing the resistance value of a collector electrode, a method of
forming a collector electrode by repeating screen printing plural times and using a mesh screen of
different pattern in each of plural screen printing steps is under study (see, for example, JP-A
102010-103572). The solar cell manufactured by such a method generally has the structure shown in
FIG. 2. As a result of overlay printing, the front electrode has an increased height. In FIG. 2, the front
electrode includesvwa: seconddayer:A:10004] HSHokevers ifithe aestvecreensthaveldifferens patterns,
with which thg &dsegé%eagf spr angi%%dreéaas rELr]tnga ressure %ppc)gieeged[ig%rsé glse Qrﬁe&sﬁi&n of printing IS
adversely affected. It Is SI ficult to overlay collector e ectrode layers accurajfely. A misregistration
occurs betwedr20 &5l o SlBdtro e Ry brst Te SHTIfE Trf &4 Sd I icell Wi oW conversion efficiency or
an appearanc¢e prablem due to local thickening of collector electrode. SUMMARY OF INVENTION
25Technjcal Problem {008}y, . While.the javentign.ismade undetthe ahgve circumstances, its

object is to provide a solar cell and manufacturing method, which can form a collector electrode by 30

precision priritiig. fédute ifshaSistate vaugSHipove %Ie%‘fﬁ%’b?oﬁerﬂ@%,%%uce the takt time of
manufacture eSslution @ Peobleri{0606 135 Makimgrextenisive iy estigationsttonattaim the alydvesobject,

the inventors:hayedaurd thatwhen a coliecton elegtrode s farmed:by, repeating sgieen-printing plural
times, the resistar]cce valu% of the, collec&orrelesqctlrlcgije ?nan be r%duced bxescitting ﬁych that the
Stintin-Stepd 1€ edUAT 13 o higher

squeegee spggéi%uﬁrﬁa SBCORd and Iatet Stretn p esetéps IS e&ﬁ{éﬁ or hig er‘than the squeegee

speed ddring4ftsPscrééR PrintingBi€p.STHiS S preveénariifmistegistatioh BetWeeh ewilebtot electrode
layers due tog:alange of thesnesh:sereenpattesn andwanablesneduction of she: takd dimex Itds
advantageou jo (e farigation,of solg.calls dhat thecallector eleetrode is formerd By e sergen
printing process that eénables to reduce 10 the takt time without detracting from reliability and” outer

appearance. Thefihfention iSireditart sitfifid fitdiRg [oobTfes aAssiaityly: IH&E Tnvéntion

provides a metho@sfor manufacturing a solar cell having a collector electrode,

15 However, if the mesh screens have different patterns,
with which the degree of spreading under a printing pressure
applied differs, the precision of printing is adversely
affected. It is difficult to overlay collector electrode
layers accurately. A misregistration occurs between

20 collector electrode layers, resulting in a sclar cell with
low conversion efficiency or an appearance problem due to

local thickening of collector selectrode.

SUMMARY OF INVENTION

25 Technical Problem
[acas]

While the invention is made under the above

clrcumstances, its object is to provide a solar cell and
manufacturing methed, which can form a collector electrode by
30 precision printing, reduce its resistance value, improve

electrical properties, and reduce the takt time of manufacture.

Solution to Problem

[0006]
a5 Making extensive investigations to attain the above
object, the inventors have found that when a collector

electrode is formed by repeating screen printing plural times,



15 characterized in that the collector electrode is formed by screen printing of a conductive paste at a
collector electrode-forming site, and the screen-printing step is repeated plural times in an overlapping
manner, wherein the squeegee speed during the second and later screen printing 20 steps is equal to
or higher than the squeegee speed during the first screen printing step; and a solar cell manufactured
by the method. In a preferred embodiment, the value obtained by subtracting the squeegee
speed duringithe firstscseam2® priating step from the Stprebgee speed dufingthe seeond and later

screen printing-steps ds 8Mmmitseeitn 300 p/sec Advantageoussetfects of nvantion J0QQ8] 304n the

method for mgggfalct I‘II’}? a solar cell by screen printing a coIIectao‘rL eLe{g:trode accgrdgn%ﬁoawe

invention, second and fater’ gcﬁl%%?or%ﬁe&rt&élegpnn ?r%sst%%s%?g carried Gt at : sﬁeed equal to or
higher than tHé:§p&et 6FMSE cElREter elBEtade Piifitig SEFE Whepehy élettricarl 85 propériies of the
solar celkcane:improved witheuk detsactingsframretiabilityeand-outes appeakance: and the takt time
for solar cell mapufactyre can be reduced, The inyention can be widely utilized in the manufacture of
solar cells havfﬁ% improvéed el%ctric%ro%%rttores. BRIEF DESSCQRI%TIO%%E%RAWI GS %FO%%@]

FIG. 1 is a cro§814ELtdHAI Yew Mbstratily thetstructhife bF a3dETERAZEOUS Higr 2hEg
cross-sectionatvieici usteatingtthecstructureIofa solar cethin whithescfront eléettodesis=10iformed by

plural steps of sereen RRNtNG. DESGRIPTION, OF,EMBQRIMENT,S,[0010L,Qne embodiment. of the

invention is described below in 15 detail. However, the invention can be implemented in a wide variety

of other8mbdifherts &s Weltadthe Hfilistrated Brtbodifeht Fhe Scop drthé TnBHtioR e fidt limited
to the illustraterembeadintent diteshaule beiconstreiedzsXtiging difhited driky by fi@dppended claims.
The drawings akepnat 20 drawn to scale. For clarifying the description and helping understanding of the
invention, some components aregqr?\f/vntigeexgg\ggrr]atted scale ang Some rcn%rpggge?tgrof no

- CﬁO%Pln 1o provi
significance are not depicted.
manufacturing a solar cell having a collector electrode,

15 characterized in that the collector electrode is formed by
screen printing of a conductive paste at a collector
electrode-forming site, and the screen-printing step is
repeated plural times in an overlapping manner, wherein the
sgueegee speed during the second and later screen printing

20 steps 1s equal to or higher than the sgusegee speed during
the first screen printing step; and a solar cell manufactured
by the method.

In a preferred embodiment, the value cbtained by
subtracting the squeegee speed during the first screen

25 printing step from the sgueegee speed during the second and

later screen printing steps is 0 mm/sec toe 300 mm/sec.

Advantageous Effects of Invention

[0008]

30 In the method for manufacturing a solar cell by screen
printing a collector electrode according to the invention,
second and later collector electrode printing steps are
carried out at a speed egual to or higher than the speed of
first collector elecitrode printing step, whereby electrical

35 properties of the solar cell can be improved without
detracting from reliability and outer appearance, and the

takt time for solar cell manufacture can be reduced. The



[0011] 25As mentioned previously, FIG. 1 is a cross-sectional view illustrating the general structure of
a solar cell. lllustrated in FIG. 1 are semiconductor substrate 1, diffusion layer (or diffusion region) 2,
antireflection/passivation film 3, BSF layer 4, collector 30 electrode (or front electrode) 5, and back
electrode 6. [0012] Now the method for manufacturing the solar cell shown in FIG. 1 is described.
First, a semiconductor substrate 1 is provided. The 35 semiconductor substrate 1 is made of poly- or
monocrystallinesiiconandaaay e of pialin-typel Most often the semicongutctorsubstratelbis a
p-type siliconsubstrate;daped with-a Palype i@@gggycgjghﬁ%g@&o&@gd“ having a resistivity of 0.1 to
4.0 Q.cm. The method for manufacturing the solar cell is described below by referring to an
embodiment using a p-type 5 silicon substrate. A plate-shaped substrate dimensioned 100 to 150 mm
squares by 0.05 to 0.30 mm thick i€grtérabiused. Witst Lsurbadenayjefdamaged by slicing or
otherwise machining; is removed by immersing in acidic solution, for example, the front surface of
p-type siicon subsiratgig 10,serye g the lightrecelving surfage.of & solar oell s pravided with an
irregular structure, known as texture, by ghemlcaFetcﬂlng in alkaline so‘futlon, washing and drying. The
irregular structlifé’frovidesdr muftiplé Fefféctibn of light at the light-receiving surface of the solar cell.
Then 15 the provisionraf@n ieregslas stroctuse is:an effestiver means foneedustnohrefleadyvity and
improving convargionsfficigacy, [Q131% Thereafter, the flype siican,substiate isplaged in a hot gas

containing POOL, for example, at or above about 20 850C, where thermal diffusion is performed to
diffuse af n-IFEMifurity Kt ER pHoSPREr I infS Tt BntE SuHARE of the p-type silicon substrate,

forming an n-type diffusion layer 2 having a sheet resistance of about 30 to 300 ohm/square (c2/D) in
the substrate surface. It is noted that mhenran piyee diffusiemlayekisdfermed by thermal diffusion, the
n-type diffusi?%ha%/gljr may be formed on the opposed surfaces and even the edge surfaces of p-type
silicon

One embodiment of the invention is described below in

15 detail. However, the invention can be implemented in a wide
variety of other embodiments as well as the illustrated
embodiment. The scope of the invention is not limited to the
iillustrated embodiment and should be construed as being
limited only by the appended claims. The drawings are not

20 drawn to scale. For clarifying the description and helping
understanding of the invention, some components are drawn in
exaggerated scale, and some components of no significance are
not depicted.

[OQ011]

25 s mentioned previously, ¥FIG. 1 is a cross-secticnal
view iPllustrating the general structure of a solar cell.
Tilustrated in FIG. 1 are semiconductor substrate 1,
diffusion layer {(or diffusion region} 2,
antireflection/passivation £ilm 3, BSF layer 4, collector

30 electrode (or front electrode) 5, and back electrode 6.
[0G12]

Now the method for manufacturing the solar cell shown
in FIG. 1 is described.
First, a semiconductor substrate 1 is provided. The

35 semiconductor substrate 1 is made of poly- or monocrystalline
silicon and may be of p- or n-type. Most often the

semiconductor substrate 1 1is a p-type silicon substrate doped



substrate. In this case, the unnecessary n-type diffusion layer may be removed by immersing in
fluoronitric acid 30 solution the p-type silicon substrate with the necessary n-type diffusion layer
covered with an acid resistant resin. Thereafter, a glass layer formed on the semiconductor substrate
surface during diffusion is removed by immersing the substrate in a chemical solution such as dilute 35
hydrofluoric acid, followed by washing with deionized water. [0014] Next, an
antireflection/passivation fitnp 8 is farmedcgn the-fronssudaceoEp-dypessilican substeate. thhis ty
antireflection/{g)fsgiv ti(%t% filp may ‘bGe formed of SIN, for 5 example, by a plasma-enhanced CVD
technique involving diluting a gaé’mlf(‘h)re of SiH, and NH, with N,, producing a plasma through glow
discharge decompositidreang tepdsifing. The ahtreflection/passivatidrfilneisiformed such that it may

have a refractive index-ef about:l.8:tp 2:3¢with a,difference ineftactive indgx from thep-type.silicon
substratt; taken:.L 'nto@aﬂccgtd%tg ggd thas a thic ngcsgwogfhaboeu 500 to t1},ﬁOOO Ad [t is formed f(gr grheOpurpose
of preveﬁtingﬁlg tfrom being reflected at the front SURACE of 8 ?pe’ g‘iﬁ%on sUbstrate and e Pectively
taking light inf®the>f5 Pty 5&l SiliE6F stiistPateS The SINHisaWuriciibas abs passhrationfiimcapable of
exerting a passivatior etfectftadhe nAype diffusion:layey dyring its Jomation dhis: kmction, combined
with the antigflegfion fyaction. . fediveyfor ImRieYING,solat el eleciricabpipperies. 201001

Next, on the back surface, a conductive paste containing aluminum, glass?rlt and varnish, for

example, is sEFEEIPPinted BRd At TRERE B thefroRt $ulsce Hldsiiucive past Containing silver,
glass fritcand s:arnish @25 fdrexamyle, s screeniprinted ahalcdriest Thesedftar, theidledtrode-forming

pastes are firgd &) ademngyatyre, of a'%%tgg‘wpatp 990G Lo farm BREJaver4, frant glgclrodg.fi.e.,

collector electrode) 5 and back electrode 016] 30From the typical method for manufacturing

. [001 : |
crystalline silfcBR™SbiEH cefis 38 iftrated ab6ve, ol daiis \With g86d RideH i@ ProPericéare not

obtainable bé@agiséthe gollectosdlesrdde hay achigheesiStancewaiuve Thenméfwdtfor mamtifacturing
a solar cell ageofdingde the invenfam is-35 characterizadcinthat.aftertbe step, of farming coliegtor
electroq bytC e above-mentione(%screenlprintin tech igue screen grintin%gga conductive paste at
2 [ P%OV S1LOn a A 1 :r:e%ujgiar ? uc‘tture 1 all ective means
the collector electrode-forming site is repeated plural fimes at a squeegee
for reducing reflectivity and improving conversion efficiency.
[0013]
Thereafter, the p-type silicon substrate is placed in
a hot gas containing POCl,, for example., at or above about
20 850°C, where thermal diffusion is performed to diffuse an
n-type impurity such as phosphorus into the entire surface of
the p-type silicon substrate, forming an n~type diffusion

laver 2 having a sheet resistance of about 30 to 300
ohm/square (£/{) in the substrate surface. It is noted that

25 when an n-type diffusion layer is formed by thermal diffusion,
the n-type diffusion layer may be formed on the opposed
surfaces and even the edge surfaces of p-type silicon
substrate. In this case, the unnecessary n-type diffusion
layer may be removed by immersing in fluoronitric acid

30 solution the p-type silicon substrate with the necessary
n-type diffusion layer covered with an acid resistant resin.
Thereafter, a glagss laver formed on the semiconductor
substrate surface during diffusion is removed by immersing
the substrate in a chemical scliution such as dilute

35 hydrofluoric acid, feollowed by washing with deilonized water.



speed which is equal to or higher than the squeegee speed during the first screen printing step
whereby electrical properties of the solar cell are enhanced. Electrical properties of the solar cell are
enhanced by the screen printing steps for the following reason. [0017] In the case of typical screen
printing, a first step of forming a collector electrode by printing a conductive 10 paste containing silver
and the like uses a squeegee speed of 50 to 300 mm/sec. A lower squeegee speed below the range
may interfere|with kemoval of the printing plate from the silicon substrate, i.e., the work to be printed

and the paste, giving fjss{o prablems ike smeaying. ofhe paste. and vapying 5 fickness.of paste

film. A higher squeegee speed above the range may lead to rapid removal of the printing plate, giving

rise to problefiis & nSaffiRient tHahEfe? of theP pastE %o T SHicBn SUBSEt&R  Blurrihg oF collector
electrode, andrthinningiefgaste fin.sldoweverin theloasexgf foematiomefl20 Ttoliéctor Electrode by
performing secongand later steps absereenpiinting inan overiapping-manner, singg the work to be
printed is the 11ir§t I%X%r ofacolle%tor ggtc‘}l@ge Gr?t réhagl {;[Qeg%icon#%bﬂrate thedstate of removal of
the printing p 4ite from' the" work to'bé printed an the? paste is 25 ditferen ?fro%rt%altlgffh% fitst printing
step. As comparedngitls He sliBors sabstfdte dirfage, theoMBPRyeE dpeolitetordectfddeiprésents a
rough surfacestatewhich £3 eempatibleanisi varmisihand otherdngregients iithe pasie. Then printing

second and sylisequent lavers t afigher 30.5yesges speed fhan the speed dyring the step of

printing the first layer of collector electrode facilitates removal of the printing plate from the paste and
the undttiay, MEFEYSRs the bEdGT bF aste FRE réSiifing L6lIéttér@Bcfiddd Ri38 an increased
thickness and atretluesd: resistance walieaAc3bsotar cetlldvittaenbanced-éleeticabproperties is

obtainable. 5 Indhis;erhgdiment; the walyg ghiained by.subtracting e squesges-speed during the

first screen printing step from the squeegee speed during the second and later screen printing steps is
0 mm/sec to éé@?&mfs% Mo RSBy £ ﬁ%&%% 8106 MmEEE Tarfd oS Bretérdbly 26 fam/sec to 80

mm/sec. siikewise, wwhesd thitd:and fatef Sereehprinting Stépareigérforined; thérdifference

between:the squeggeessneadof asereenrintingrsiepand thessueggee speed of the preceding
screen printing step.is preferably 10 mm/ to 100 mm/sec, more preferably.40 mm/sec to 80
mm/sec. I%‘?ﬁg We% Ogc%éﬁnﬁsgg ?r?sgegr%e%%rﬁfﬁ%ﬁgp%%rgb@ %Sﬁ“é‘.raarg]tﬁg sear?n%eﬁaﬁte%ﬁ for all
steps of scre&RPrintitg O0ESY Fus PR ActEdthatidhér akblleéorBitehote isTHifed by screen

printing, a lay®etof collector-elestrade isypreferably tormeddyyieachi sereen printing stepsso as to have

15 thickness pf § 16 B0Trhsspegially 8.0 35,1, The Jayers are preferably formed such that the

collector electrode may have a total thickness of 25 to 70 pm for three-layer electrode and 30 to 90
ktm for t8ur-layét ‘eldctrode. [0019] 20The ink used in screen printing may be selected from well-known
ink compositions, typiBalstwethknowa donductive Siver pastes: 8bredr pantiag tivay be performed in a

standard way-gxaept thatdhe sgueeaee spaed is eantiolledas.spacified above. cxampie, is

gscreen printed and dried. Then, on the front surface, a
conductive paste containing silver, glass frit and varnish,

25 for example, 1s screen printed and dried. Thereafter, the
electrode-forming pastes are fired at a temperature of about
500 to 950°C to form BSF layer 4, front electrode {(1.e.,
collector electrode) 5 and back electrode 6.
(00161

30 From the typical method for manufacturing crystalline
silicon solar cells as illustrated above, solar cells with
good elecirical properties are not cobtainable because the
collector electrode has a high resistance value. The method
for manufacturing a solar cell according to the invention is

35 characterized in that after the step of forming collector
electrode by the above-mentioned screen printing technidgue,

gsocreen printing of a conductive paste at the collector



25 EXAMPLES [0020] Examples and Comparative Examples are given below for illustrating the
invention although the invention is not 30limited thereto. [0021] Example land Comparative Example 1
A p-type silicon substrate was prepared by slicing boron-doped p-type monocrystalline silicon having a
35 resistivity of about 1 Q.cm to a thickness of 0.2 mm and machined along outer diameter, yielding a
square plate of 15 cm squares. The p-type silicon substrate was immersed in a fluoronitric acid
solution for 18iseconds ¢o étchraiway thetworksdamaged dalyas ] chemicallyetched in assplatioreef 2 wt%

KOH and 2 wiie I gh 106 far.S oytes,yashed wihdeionized & watss and bieds fp fogm a texture

on the front surface of p-type silicon substrate. Next, the '%{%é silicon s was subjected to

$ P
thermal diffusigh A4 1358 oS phEre ara feriferatar SFE0E Hr 36 Hinutéé 1o form an
n-type layer inthesubstater At this peint atheariypedayechad acdkdisheétiresistareelof about 40 WO

and a depth gf0.44um.1QBce the: Biype layer wasicovered with-an-acid-fesigtant resiathe p-type
silicon substrate was imme{sed ir%fluorggitricf agifl solution for 10 seconds to remove a portion of the
It 0n | (SR £

n-type layer fiot covered with the acid resistant resin. THe acid 15 resistant resin was then removed,

yielding the p-8/pesllicon substrate having the n-type layer formed only on the front surface. Next, by
plasma-enhanced CVi:using Sills &H and/N i Sl sarvisgraspan antikeflectiorypassivationfilm was

formed on the fropf, spycface 9f potyne ailigon éﬁ%%t@ts&m'gs Bkei%%at%p%'ae@aa@%s% oa

thickness of 1,000 A. Next, on the back surface of p-type silicon substrate, a conductive aluminum
paste wds priftéd and Wik R BB 160727 THEedftsr, bh'the HORT sarfA 6RFSF S Bificsh 95
substrate, bysstréen pfiating:dEa conducliversitver pasta;eecallectal éledtrodetlayerefi2@ prethick was

formed at a sgueegee speed of 1pQmmisecand-dded at 150G Further, PARLRY of an oyerapping
collector electrode layer was perform%d at 100 mm/sec in Comparative Example or at 200 30 mm/sec

in Example. AGACH AN the printed Pagte whS dhidd ™%t 150t iddmih i ditted eledfr8d8having
a thickness of BOeurh o The thiuseireated 'sabsraenwag admittée inva fiking idhace wihiere the conductive
paste was fired atajnaxmum iemperaturerdf 800G 1o ferm amelecide; sempleting.35 aselar cell.
Electrical properties of these s3lap sells,were measyrad as wellas the fakttime of printing.
rise to problems like insufficient transfer of the paste to
the sililicon substrate, blurring of collector electrode, and
thinning of paste fiilm. However, in the case of formation of
20 colliector electrode by performing second and later steps of
screen printing in an overlapping manner, since the work to
be printed is the first layer of collector electrode rather
than the silicon substrate, the state of removal of the
printing plate from the work to be printed and the paste is
25 different from that of the first printing step. As compared
with the silicon substrate surface, the first layver of
collector electrode presents a rough surface state, which is
compatible with varnish and other ingredients in the paste.
Then printing seccond and subseguent lavers at a higher
36 squeegee speed than the speed during the step of printing the
first layer of colliector electrode facilitates removal of the
printing plate from the paste and the underlay, and increases
the buildup of paste. The resulting collector electrode has
an increased thickness and a reduced resistance value., A
35 solar cell with enhanced electrical properties is obtainable.
In this emboediment, the value obtained by subtracting

the sgueegee speed during the first screen printing step from



[0023]

By following the above procedure, ten solar cell samples were manufactured in each of

Example and Comparative Example. Table 1 shows average values of electrical properties of the solar
cell samples and the takt time of printing. Table 1 1 Short-circuit current (m1)/cmf) ample 134.4
Open-circui voltage (my) 625 factor (%) 78.0 Conversion efficiency (%) 16.8 Takn timel of printing |
(sec/electrode)1 16.0

10

15

20

25

36

35

the sgueegee speed during the second and later screen printing
steps is 0 mm/sec fto 300 mm/sec, preferably 10 mm/sec to 100
mm/sec, and more preferably 40 mm/sec to 80 mm/sec.

Likewige, where third and later screen printing steps
are performed, the difference between the sgueegee speed of a
screen printing step and the sgueegee speed of the preceding
screen printing step is preferably 10 mm/sec to 100 mm/sec,
more preferably 40 mm/sec to 80 mm/sec.

The mesh screen used in screen printing preferably
bears the same pattern for all steps of screen printing.
(00181}

It is noted that when a collector electrode is formed
by screen printing, a laver of coliector electrode is

preferably formed by each screen printing step so as to have

a thickness of 5 to 50 um, especially 8 to 35 um. The lavers

are preferably formed such that the collector electrode may

have a teotal thickness of 25 to 70 um for three-~layer

electrode and 30 to 90 um for four-layer electrode.
{0019}

The ink used in screen printing may be selected from
well-known ink compositions, typically well-known conductive
siiver pastes. Screen printing may be performed in a
standard way except that the sgqueegee speed is controlled as

specified above.

EXAMPLES
[00201
Examples and Comparative Examples are given below for
illustrating the invention although the invention is not
limited thereto.
{00211

Example 1 and Comparative Example 1

A p-type silicon substrate was prepared by slicing
boron-doped p-type monocrystalline silicon having a
resistivity of about 1 Q-om to a thickness of 0.2 mm and

machined along outer diameter, vielding a square plate of 15



10[0024] As is evident from Table 1, when solar cells are manufactured using the screen printing
schedule according to the invention, improvements in electrical properties (e.g., 0.3% as absolute
value in conversion efficiency) are observed, Is as compared with Comparative Example, A 0.3%
improvement of conversion efficiency is achieved simply by changing the squeegee speed, which is
evaluated to be a great contribution to the cell conversion efficiency which is increased by combining a
variety of parametegrsainesscunittative-waypelns2Qaddition, the takttime ©f piintieg ts=Aotiprolonged,

leading to a savipg-ghmapyfaciue o5t [0p23], Example 2%9&@%%’&@%&? 2Qace a p-type

silicon substrate was prepared_as in 25 Example 1, a collector electrode was formed on its front

surface by sct8&H phitiAg of alc%%%cti\?élgﬂ\?é‘radaésffe K Frsidaydr Was foriedat & Sqdeddee speed
of 150 mm/sé®to athicknesstoflZG:ffrta setond tayer was forared atzes sgueeged speedcbofi2G0

mm/sec {0 a {higknessof l2aithird layerawas, 39 formed at asguaegee sheed-ef2a0-mmysec to a
thickness of 8 . The final printed ele tr%de ad a ickne%%of 40 nm. Electrical gro}gerties of the
% E?O g Do unstrat

resulting solﬁ%%ﬁgearg Shown'in T4 éﬁétherevﬁ% the ‘takt time of psr?”n fh%(.}lﬂ—“o? comparlsgn

e
purpose, an &leétr68e havikkca totaltihfokness &F B04srh Was-form By privdifg B BCSHRIvEGee speed
of 150 mm/seq for thedifsilayearra ssieegeespeed of dQRimayses fardhe seeond layeryard a

squeegee spegg of 90, mpy/seq[ar the (hicd layg. Bleclrical properies of fhe fesuling solggells are
also shown in Table 2 together with the takt time of printing.
10 sheet resistance of about 40 Q/[0 and a depth of 0.4 um. Once

the n-type layer was covered with an acid resistant resin, the
p-type silicon substrate was immersed in flucronitric acid
solution for 10 seconds to remove a portion of the n-type
laver not covered with the acid resistant resin. The acid
15 resistant resin was then removed, yvielding the p-type silicon
substrate having the n-type layer formed only on the front
surface. Next, by plasma-enhanced CVD using SiH,, NH, and N,
SiN serving as an antireflection/passivation f£fiilm was formed
on the front surface of p-type silicon substrate having the
20  n-type layer thereon to a thickness of 1,000 A. Next, on the
back surface of p-type silicon substrate, a conductive
aluminum paste was printed and dried at 150°C.
[eo22]
Thereafter, on the front surface of p-type silicon

25 substrate, by screen printing of a conductive silver paste, a

collector electrode laver of 20 um thick was formed at a
squeegee speed of 150 mm/sec and dried at 150°C. Further,
printing of an overlapping collector electrode layer was
performed at 100 mm/sec in Comparative Example or at 2060

360 mm/sec in Example. In each run, the printed paste was dried

at 150°C, vielding a final printed electrode having a

thickness of 30 um. The thus freated substirate was admitted

in a firing furnace where the conductive paste was fired at a

maximum temperature of 800°C to form an electrode, completing
35 a solar cell. Electrical properties of these solar cells

were measured as well as the takt time of printing.



Table 2
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20
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Conversion efficiencyTakt time of printing (5E)(see/electrode)

Example 2 16.7 8.0

(00231

By foullowing the above procedure, ten solar cell samples
were manufactured in each of Example and Comparative Example.
Table 1 shows average values 0f electricael properties of the

sclar cell samples and the takt time of printing.

Table 1
Short-circuit Open-circuit Fill Conversion Takt time

current voltage factor efficlency of printing

(mh/om®} {(mv) {%) (%) {sec/electrode}
Example 1 34.4 625 78.0 16.8 6.0
tomparative 343 623 77.4 16.5 8.0
Examplie 1
00241

As 1s evident from Table 1, when solar cells are
manufactured using the screen printing schedule according to
the invention,

improvements in elecirical properties {e.g.,

0.3% as absolute value in conversion efficiency) are observed,

as compared with Comparative Example. A 0.3% improvement of
conversicn efficlency 1s achieved simply by changing the
sgueegee sgpeed, which is evaluated to be a great contribution
to the cell conversion efficlency which is increased by
combining a variety of parameters in a cumulative way. In
addition, the takt time of printing is not prolonged, leading
to a saving of manufacture cost.

[0025]

Example 2 and Comparative Example 2

Once a p-type silicon substrate was prepared as in
Example 1, a collector electrode was formed on 1ts front
surface by screen printing of & conductive silver paste. A
first layer was formed at a squeegee speed of 150 mm/sec to a

thickness of 20 um; a second laver was formed at a sgueegee

speed of 200 mm/sec to a thickness of 12 um; a third layer was

formed at a sgueegee speed of 250 mm/sec to a thickness of §

wm. The final printed electrode had a thickness of 40 um.

-10-



Comparative Example 216.4 10.0

1o

Electrical properties of the resulting solar <cells are
shown in Table 2 together with the takt time of printing.

For comparison purpose, an electrode having a total
thickness of 490 um was formed by printing at a2 sgueegee speed
of 150 mm/sec for the first laver, a sgueegee speed of 100
mm/sec for the second laver, and a squeegee speed of 90
mm/sec for the third layer. Electrical properties of the
resulting solar cells are also shown in Table 2 together with

the takt time of printing.

Conversion efficiency | Takt time of printing
(%) {sec/electrode)
Example 2 5 16.7 _ 8.0
Comparative Example 2 16,4 10.0

~-1%-




CLAIMS: 1,A method for manufacturing a solar cell having collector electrode, characterized in that the
collector 5 electrode is formed by screen printing of a conductive paste at a collector electrode-forming
site, and the screen-printing step is repeated plural times in an overlapping manner, wherein the
squeegee speed during the second and later screen printing steps is equal to or higher 10 than the
squeegee speed during the first screen printing step. 2. The method of claim 1 wherein the value
obtained by suhbtragting the squeegee speed during the first screen printing step from the squeegee
speed during the second and 15 later screen printing steps is 0 mm/sec to 300 mm/sec, 3. The
method of claim 2 wherein the value obtained by subtracting the squeegee speed during the first
screen printidg step ffonitiie SGueeespsetrdUrtg the secomticnd 20latet3Eideh Frinting steps is
10 mm/sec t@:400 snmisece ¥ A-selaecelbmanufactured-ay the method-efclainm 12 06 3.

jod

14

15

20

alectrode is formed by screen printing of a conductive paste
at a collector elecirode-forming site, and the
screen-printing step is repeated plural times in an
overlapping manner, wherein the squeegee speed during the
second and later screen printing steps is equal to or higher

than the sgueegee speed during the first screen printing step.

2. The method of claim 1 wherein the value obtained by
subtracting the squeegee speed during the first screen
printing step from the sgueegee speed during the second and

later screen printing steps is 0 mm/sec to 300 mm/sec.

3. The method of claim 2 wherein the value cbtained by
subtracting the squeegee speed during the first screen
printing step from the sgueegee speed during the second and

later screen printing steps is 10 mm/sec to 100 mm/sec.

4. A solar cell manufactured by the method of claim 1, 2

or 3.

~12-



