DESCRIPTION TITLE OF INVENTION 5SCREEN PRINTING PLATE FOR SOLAR CELL AND

- METHOD FOR PRINTING SOLAR CELL ELECTRODE TECHNICAL FIELD 10[0001] This
invention relates to a screen printing plate which enables manufacture of solar cells with long-term
reliability at good productivity. More particularly, it relates to a screen printing plate whose bus bar
electrode mask pattern is is modified such that electrodes may be formed at low cost while maintaining
high conversion efficiency; and a method of printing solar cell electrodes using the screen printing
plate. BACKGROUND ART 20[0002] A solar cell manufactured by the prior art technology is
described with reference to its cross-sectional miesrgF €1 front surface configuration (FIG. 2), and
back surface configuration (FIG. 3). In general, the solar cell includes 25 a p-type semiconductor
substrate 100 of silicon or the like in which an_n-type dopant is diffused to form an n-type diffusion
layer 101 to define a p-n junction. On the Wdﬁ%ﬁ@&—%%%l, an antireflection film 102 such as
SiNx filmis formed. On the baBR B rfaR &M Py pR-S&mictriuefB# 30 SEbstra@t100, aluminum paste is
coated over substantially the=rtire surfacerandriites wofokm aback sudecedmid (BSF) layer 103 and
an aluminum electrode 104. Also on the back surface, a broad electrode 106, known as bus bar
electrode, is formed for current collection by coating a 35 conductive paste containing silver or the like
and firing. On the light-receiving surface side, finger electrodes 107 for current collection and broad
electrodes 105, known as bus bar electrodé£4BeésdctingEddtrent from the finger electrodes are
arrangeddn a tod-shaped pattern so as to cross at substantially right angles. [0003] In the

manufacture of solar egllsof;this.pes, £lectiofessmay he formed by vatiopsmetnads ipcluding
evaporation, platl(ég, printin ggd the like, The front flrig*er %g%tkrloges 107 are ge e,raagﬂgrtn}}ed by the

S L en 3 cture of =solar cellg ong-term
printing/firing méthod to be escrfbeoe bel%w patausé of éase g e+t
at good productivity. More particularly, it relates to a

screen printing plate whose bus bar electrode masgk pattern is
15 modified such that electrodes may be formed at low cost while
maintaining high conversion efficiency; and a method of

printing solar cell electrodes using the screen printing plate.

BACKGROUND ART

20 [0002]
A solar cell manufactured by the prior art technology

is described with reference to its cross-sectional view (FIG.
1}, front surface configuration (FIG. 2}, and back surface
configuration (FIG. 3). In general, the solar cell includes

25 a p-type semiconductor substrate 100 of gilicon or the like
in which an n-type dopant is diffused to form an n-type
diffugion layer 101 to define a p-n junction. On the n-type
diffusion layer 101, an antireflection film 1062 such as SiNx
film is forme&. On the back surface of p-type semiconductor

30  substrate 100, aluminum paste is coated over substantially
the entire surface and fired to form a back surface field
(BSF) layer 103 and an aluminum electrode 104. Alsc on the
back surface, a broad electrode 106, known as bus bar
electrode, is formed for current collection by cecating a

35 conductive paste containing silver or the like and firing.
On the light-receiving surface side, finger electrodes 107

for current collection and bread electrodes 105, known as bus



io of formation and low cost. Specifically, a conductive paste obtained by mixing silver powder, glass

+ frit, organic vehicle, and organic solvent as main ingredients is generally used as the front electrode
material. The conductive paste is coated by screen printing process or the like, and fired at high 15
temperature in a firing furnace to form the front electrode. [0004] The screen printing process is
described below. The screen printing process uses a screen printing plate which is prepared by
providing a mesh fabric 110 of 20 orthogonally woven warp and weft flaments, coating the fabric with
a photosensith@rembfica 244 expBsure BhTemvify ParktoftheentiBidniftPdéatine a substantially
rectangular pattesrchalé«F1Gr4).akhesgeenipriatingplate isapladed=omes the svorkdo e printed. A

print paste (ink).is;tested o 23 the Sereen pHRKNY Riate apd spread over the pattern. A flexible blade
known as prin %g queegee 112 is traversed at a suitable squeegee hardness (60 to 80 degrees),

squeegee angle (60to 80 degrees), pressure or applied pressure (0.2 to 0.5 MPa), and printing speed
(20 to 108 mm/sec) forthéfeby 3o s iétifigthe TRt paSe totHetwbik fo bERfFinted through the
pattern hole. Ehe grindbpastenapphed fothed ok torbe jrinte chistheisdried tafornga printed pattern.

[0005] Immedé@@b@%%%@@,prﬁit&qﬁg falls-dawnthraugh 334neshes in the pattgrhole where

filaments are gbsent an? a(t:t %082 to t&g Vf\%r%te% %gm rrt%lt?g e ﬁ51)}r%(r§1t %astgﬁgmalns unattached to

portions corresﬁ%%%rnge oewarp and we € patter e. Kater, the print paste attached

to the portion®€6iespeandine taemBeRBs &tdts AW FE4BBAg R Btb MRV Dritie@Pifitern of
uniform thicknesst $i0Q06]on  aAd deseribed tabogy ¢he Streen printing processigsuchsthat the print
paste filled iné%%&@ﬁ@f}p 59%9&_1@@ SERERALRIIRIRE: . %ha,te %H@QSfﬁbﬂi@ﬁ, totheNQEk t@etpﬁ@ﬂ@;ed by
traversing movement of the printing squeegee.(or wherehy the same.pattern as.the pattern
hole defined 61 ﬁ:eoggr%%hcprf’rﬁ#n\éggl‘%tg Tc'sgf(cl)arlr.ln(%dlé%t géil é“v%ﬁ?tgo g finted. | }%7]]%[' Ct‘a?éa"osntact
resistance betWéert B frofit iRGErSR CRBEBZT forned by e ebblvESrBegss and thedidn 15
substrate 100cancs thesimtercohnechregistance of the electioteslargelyt affecethertonarsion efficiency

of a solarscell Teygain g f¥gh efficiency (loy cellseries resistange  highsfilbiacten(ER)); dhe contact
resistance an%gg 4]
The screen printing process is described below.
The screen printing process uses a screen printing
plate which is prepared by providing a mesh fabric 110 of
20 ortheogonally woven warp and weft filaments, coating the fabric
with a photosensitive emulsion 111, exposure, and removing
parts of the emulsion to define a substantially rectangular
pattern hole (FIG. 4). The screen printing plate is placed
over the work to be printed. A print paste {ink) is rested on
25 the screen printing plate and spread over the pattern. A
flexible blade known as printing squeegee 112 is traversed at
a suitable sgueegee hardness (60 to 80 degrees), sgueegee
angle (60 to 80 degrees), pressure or applied pressure (0.2 to
0.5 MPa), and printing speed (20 to 100 mm/sec) for thereby
3¢ transferring the print paste toe the work te ke printed through
the pattern hole. The print paste applied to the work to be
printed is then dried tc form a printed pattern.
[0005] |
Immediately after the print paste falls deown through
35 meshes in the pattern hole where filaments are absent and
attaches to the work to be printed, the print paste remains

unattached to portions corresponding to warp and weft



interconnect resistance of the front finger electrode 107 20 must have fully low values. [0008]

Also, the electrode area must be small so that the light-receiving surface may take in as much light as
possible. To improve short-circuit current (Jsc) while maintaining the 25 FF, the finger electrode must
be formed such that it may have a reduced width (thin) and an increased cross-sectional area, that is,
a high aspect ratio. [0009] While various methods are used to form solar cell 30 electrodes, known
methods of forming ultra-fine lines having a high aspect ratio include a method of forming grooves in a
cell and fillingftthéairepies WithtFesteIPeAR00BL54374R 5/ a [ty Aitthed BEsed on inkjet
printing. Howevers the: tbrmerdhethotris:uide sikable: beeadsenthe: step=efforming:. 35 grooves in a

substrate cangcayse damage. {9 the substrate. Sines the latter s inkiet printing, method,is;designed to

apply pressure,t to |I]grl1,lld to inject droplets through a thin nozzle, it is suitable to form fine lines, but
difficult to galn ) helgﬁtST0010] On the other hand, the screen printing method is a 5 low-cost,
high-productiviiffethod because formation of a printed pattern is easy, damaging of the substrate is
minimized by adjustingghéappliedgatessures anththeswoekng ratenpeneelbischighs Ifia: cenductive

paste having bmth&@r?%w 4an elecirogle;| E?t%'ﬂg‘%m%}%o%%el%{a%@ré@f%ﬂ having a
(0)

high aspect ratio, ¢ n be med 111 As |scusdsed above, the Scree |nt|n method is more
suitable to form ﬁlg gpé’c Fefiodlect5085 At Tow cost %an o?ﬁer prln 1_3555[0012]
However, whéf g imesarepraitedtusiig the %%@%@%O%WIS(@E &bﬁﬁ#ﬁ that the
connection betiveesihusbhar skectrodecandfinger electiodeckecomes ety thineanchat tHiesworst,

broken. If the fingerglectradeiaRtheste is formed on the work to be printed.
o007}
The contact resistance between the front finger
electrode 107 formed by the above process and the silicon
15 gubstrate 100 and the interconnect resigtance of the
electrode largely affect the conversion efficiency of a solar
cell. To gain a high efficiency (low cell series resistance,
high f£ill factor (FF}), the contact resistance and the
interconnect resistance of the front finger electrode 107
20 must have fully low values.
foocs]
Also, the electrode area must be small so that the
light-receiving surface may take in as much light as possible.
To improve short-circuilt current (Jsc) while maintaining the
25 FF, the finger electrode must be formed such that it may have
a reduced width {thin) and an increacsed cross-sectional area,
that is, a high aspect ratio.
[C009]
While various methods are used to form golar cell
30  electrodes, known methods of forming ultra-fine lines having
a high agpect ratio include a method of forming grooves in a
cell and filling the grooves with paste {(JP-A 2006-54374) and
a printing methed based on inkjet printing. However, the
fermer method is undesirable because the gtep of forming
35  grooves in a substrate can cause damage to the substrate.
Since the latter, inkjet printing method is designed to apply

pressure to liguid to inject droplets through a thin nozzle,



20 light-receiving side is locally thinned or even broken, that portion becomes a controlling factor of
resistance, resulting in a drop of fill factor. [0013] The cause of breakage is a difference in film 25
thickness at the connection between bus bar electrode and finger electrode. In screen printing, the
buildup of paste is in proportion to the size of an opening. Namely, a large buildup of paste is given for
the bus bar electrode corresponding to a large opening whereas a small buildup of 30 paste is given
for the finger electrode corresponding to a small opening. Thus a difference arises in film thickness
between the Bus bar eletchrdblécaricPthectiigdrisliectratesif thabletirotibevare fireddn thissstate,
breakage ocches ghthe boundary between bus bar electrode and finger electrode 35 because the bus
bar electrode yyty g Jarger buildup undergoes a more shrinkage. If the difference is small, there arises
a phenomenon that tge cgﬂnecté%n beRNe%n bg}'ls, bar electrode and ,finé;er el%ctrode becomes very
thin. [0014] Further, i the-ScreBR Prntiigrprocess, the printing s direcol ({ra%arsity Birection of a
printing suedg&t)|lsé bebdfiesa PAEE bF promBaHG Preditiie For reveiitisg brdakage of a finger
electrode, thecscraen ridingeptatei s isgeperalynpaiterned Suchdhautherprmting direction and the
finger electroge opeRiNg2 ge substantially pasallel io;and the-pdnting diregtion and the s bar
electrode openlntgeB are sug%an.tlallx P rpenf%cualarc EFA% é3 .. With tggs de%l)gn, the %Iec][lrodes as
printed are coﬁgur&f Such that'the Width of the Sonnection betwéér bus bar electiode 13 and finger
electrode 12 ESitiORe@oY the upzteant prinfifg St Rithelsidshegt (6 ingBrBR e 12 is very
narrow (FG. 8k Suctemarsdwinglisteutstanding: particutady wheatfine lines are printee This is because
at the connectigp-between finger electrode opening 2 and bus bar electrode opening 3, the printing

squeegee falls in bus #Sar c<;£esc§rosdse p%r}gigge& thq%essultirrégeirrll alre,sgtguildurg)egglp stlesat tgig,e
connection. In contrast; the Width of thé Connéction between btis bar electrode 13 and ﬁ"nger electrode

12 positioned BhitiPd6whstré &ty dftletehds 6 e BroaaBerdrise?st a Abredilildup of paste
(FIG. 9). Notabtiytheoplate inchides 25 biteckedior. masked zones 5. [0015] In addition, a saddle
phenomenon s, likely to occur since the bus bar electrode opening 3 is considerably wider than the

finger electrode openiﬁng(‘e ag% th% gggeggge Jﬁznso traverses, across ,}QS{ rg)latgﬁ%ergﬁggg:ular to the
bus bar electrode openin 3%4s'mentioned above. The saddie pﬂenomenongis that whéena wide open

portion like bIRESEFR printed St dFén PoRisiPisePtesEad by e SRREGEECPL P BES ), BHE a central
portion 113 iskdented eleeped¢chamedfeswpipastet rode becomes very thin and at

the worst, broken. If the finger electrode on the
20 light-receiving side is locally thinned or even broken, that
portion becomes a controlling factor of resistance, resulting
in a drop of fill factor.
[0013]
The cause of breaskage is a difference in film
25 thickness at the connection between bus bar electrode and
finger electrode. In screen printing, the buildup of paste
is in proportion to the sgize of an opening. Namely, a large
buildup of paste is given for the busg bar electrode
corresponding to a large opening whereas a small buildup of
20  paste ig given for the finger electrode corresponding to a
small opening. Thus a difference ariges in film thickness
between the bus bar electrode and the fingsr electrode. If
the electrodes are fired in this state, breakage cccurs at
the boundary between bus bar electrode and finger electrode
35 because the bus kar electrode with a larger buildup undergoesg

a more shrinkage. If the difference is small, there arises a



35 the width direction of bus bar electrode (FIG. 6). Occurrence of a saddle phenomenon brings a
difference between the height of bus bar electrode at its edge in its width direction and the height of
finger electrode. Since the bus bar electrode edge with a more buildup has a higher shrinkage factor
during electrode firing, the connection between bus bar electrode 13 and finger electrode 12 can be
broken 114 (FIG. 10). It is 5 noted that in FIG. 10, the broken line denotes the connection between bus
bar electrode 13 and finger electrode 12. [0016] Even when a finger electrode and a bus bar
electrode are separatehoprinfes; atdeseldieophenbimendrecesgs dtitive bas ¥lbareledtroghed failing to

prevent breakpgesat:theiconnestienthetween busHateleetrode and finger electrode. [0017] To
solve the above problem, JP-A 2009-272405 discloses broadening of the connection between bus bar

electrode and 15 finger electrode. On use of this method, however, blurs or clumps form because the

connection between bq}ért‘}&reéflec%d&1?;\‘?1d%?&e?bl@éﬁ&&é%ge%éﬁ%ﬁﬁthiéﬁ?@ﬂ% Hiedse to
problemsslike diricidased Shadew sdsssand detérionated properiias iSmcedhesidsr callispas a
matter of coutse: @0 devieeanhiehds usednmndetsuntighk dhere are mameekancesto public view,

unlike other sgmicanductgr.deviees Accardingly. ot only the performanee. byt also the appearance s

very important for the solar cell. The"'method of the aboveF%atent has the problém'that since the

connection 25 BefFE&T BlS har BieGrdtis afit finge? Ble dttbud s thick thefin G&r &R trdBE becomes
discontinuous-ewitith dgatr St iFofethenadsthetic appeartioet f0018] It is alseadhbin to prevent the
squeegee fromfalling3Q i the: hus harepening by petiosming sereengirintingwithdpernsigllation
position of the, sgreen pryting plate ﬁ%a@rﬁe@@f@Qi%ch Fthan gultiples.ef 99 relafive o, the
squeegee trav%I dir CtIOtI:’l (FIG. 7). This m%t gd, howeve£,, as th problent1 that since thl% squeegee
travel direction 1§ not 35 Farals! (6IhBfihger dpehing the HRger alctirode B Biufaa, Kaifiid'in precise
printing. SUMNMARY CEMYENTIONTEERAIRaPPFobiem fobagjrode 13 and finger

electrode 12 positioned on the upstream printing side with

15 respect to finger electrode 12 is very narrow (FIG. 2). Such
narrowing is outstanding particularly when fine lines are
printed. This i1s because at the connection between finger
glectrode opening 2 and bus bar electrode copening 2, the
rprinting squeegee falls in bus bar electrode copening 3,

20 resulting in a less buildup of paste af this connection. In
contrast, the width of the connection between bus bar
electrode 13 and finger electrode 12 poegiticoned on the
downstream printing side tends to be broad because of a more
buildup of paste (FIG. 9). Notabkly the plate inciudes

25  blocked or masked zones 5.

[0015]

In addition, & saddle phenomenon is likely to occur
since the bus bar electrode opening 3 is considerably wider
than the finger electrode cpening 2 and the sgueegee 112

30 traverses across the plate perpendicular to the bus bar
electrode opening 3 as mentioned above. The saddle phenomenon
ig that when a wide open portion like bus bar ig printed, the
open portion is pressed by the sgueegee 112 (FIG. B5), and a
central portion 113 ie dented deeper than edges of paste in

35 the width direction of kbus bar electrode (FIG. 6). OCccurrence
of a saddle phenomenon brings a difference between the height

of bus bar electrode at its edge in its width direction and



While the invention is made to overcome the above 5 problems, its object is to provide a screen

= printing plate for use with solar cells and a method of printing solar cell electrodes through the screen
printing plate, by which electrodes having a high aspect ratio and low resistance are formed for
enabling low-cost manufacture of solar cells with 10 high conversion efficiency. Solution to Problem
[0020] The present invention aims to solve the above problems 15 and pertains to a method of
manufacturing a solar cell by printing a conductive paste to simultaneously form a bus bar electrode
and a finger etdutrade.aVithagspectrreletaotdeddematibinioe stieerbprnting tirbaigh@esereen printing

plate including adaus/bar eleciende epeniagpithas beendaund thati2(-{dae busthar eleelragde opening
' partally proyded withee placked 20, e Bleseyis;appied oy e saugeage dodng pasis filled in

the opening is reduced. Then eletfrode breakage is inhibited. The invention is prédicated on this

finding. 25[002%f IR orGiyRy; TRESnventoh phsvidEsaeseréed pHitiig pifte fortise Svith solar cells
and a methodrsftsihtiig:Solar celleledtfodasiasiefinerl Below. {ERCSereensrimimypkité for use in

printing a 30 conduativerpastade sinulaneausly forma busder electrade,and@finger electrode on a
solar cell, chag%g%iged in that the screen printing plate includes a finger electrode opening having an
opening width of less than 80 gm and a bus bar electrode opening including a blocked zone. 35[2]The

screen printing plate of T wHer&inthé Higike d2617e 5edsuitdorupis 684 of & BdF area
computed fromr the epatourof the bustisat electrede bpeplirmpoftiecscresnpriating plate. b8} The
screen printingplatel eflfdt o642] whereimihe blaskedszonaindhr s bar elpstredeapening is spaced

apart 5 a distance,aL5010.700-nm drom the houndary. beteen the fingar electrode opening and the

bus bar electr d%f’ ening. [4] A method of printing solar cell electrodes, characterized in that a
conductive pa te |s7%rinted while using the screen printing plate of any one of [1] to [3] and lo moving a
squeegee in a directidfPpémerrlidiar fgve problem, JP-A 2009-272405 discloses

broadening of the connection bhetween bug bar electrode and

15 finger electrode. On use of this method, however, blurs or
clumps form because the connection bhetween bus bar electrode
and finger electrode is extremely thick. This gives rige to
problems like an increased shadow loss and deteriorated
properties. Since the sclar cell is, as a matter of course,

20 a device which is used under sunlight, there are many chances
to public view, unlike cther semiconductor devices.
Accordingly, not only the performance, but also the
appearance 1s very important for the solar cell. The method
of the above patent has the problem that since the connection

25  between bus bar electrode and finger electrode is thick, the
finger electrode becomes discontinuous in width, detracting
from the aesthetic appearance.
[0018]

It is also known to prevent the sgueegee from falling

30  in the bus bar opening by performing screen printing with the
installation position of the screen printing plate rotated to
an angle other than multiples of 90° relative to the sgueegee
travel direction (FIG. 7). This method, however, has the
proklem that since the squeegee travel direction is not

35 parallel to the finger opening, the finger electrode is

plurred, failing in precise printing.



longitudinal direction of the bus bar electrode. [0022] It is noted that breakage rarely occurs with a
commonly used finger opening having a width of 80 to 100 m. 15 The invention is effective for fine
lines corresponding to a finger opening width of less than 80 Rm. In order to take full advantage
of the invention when solar cell electrodes are printed using the screen printing plate having the
features described above, it is desired that 20 the printing direction be substantially perpendicular to
the longitudinal direction of bus bar electrode. Advantageous Effects of Invention [0023] 25The use of
the inventive screen printing plate make&ifskihle o sedddal fiéicost of manufacturing solar cells, to
prevent the connection between the bus b% e%clztlrgg @rdokhfe%nger electrode from breaking without
increasing the shadow loss or compromising‘?he—aesg‘m‘rm—appﬁarance of solar 30 cells, and to
manufacture refigbR! solar cells at high productivity. BRIEF DESCRIPTION OF DRAWINGS [0024]
35FIG. 1 is a cross-settiohal view ohelectrodes 0f artypicat solaveetiome tEdGaBdsa plan view

showing the frontisugiace configurgtion of a typicaksplaneelh -G 3dsaplan viewshowing the

back surface configuratign of avpical soly celly; . Flrdschematicaly llysuaies 2 erping step
using a conventional screen printin plate. _
electrodes through the screen printing plate, by which

electrodes having a high aspect ratic and low resistance are
formed for snabling low-cost manufacture of solar cells with

10 high conversicon efficiency.

Solution to Prcblem

[ocz0]
The present invention aims to solve the akove problems
15 and pertains to a method of manufacturing a sclar cell by
printing a conductive paste to gimultanecusly form a bus bar
electrode and a finger electrode. With regpect to electrode
formation by screen printing through a screen printing plate
including a bug bar electrode opening, it has been found that
20 if the bus bar electrode opening is partially provided with a
blocked zone, the pressure applied by the squeegee to the
paste filled in the opening is reduced. Then electrode
breakage is inhibited. The invention 1s predicated on this
finding.
25 00211
Accordingly, the invention provides a screen printing
plate for use with solar cells and a method of printing solar
cell electrodes as defined below.
[1] A screen printing plate for use in printing a
30 conductive paste to simultaneously form a bus bar electrode
and a finger electrode on a solar cell, characterized in that

the gcreen printing plate includes a finger electrode opening
having an opening width of less than 80 um and a bus bar

electrode opening including a blocked zone.
35 [2] The screen printing plate of [i1] wherein the blocked

zone accounts for up to 60% of a bus bar area computed from



FIG. 5 schematically illustrates a saddle phenomenon during the printing step using a conventional
screen printing plate. 10FIG. 6 is a cross-sectional view showing the profile of an electrode as printed
using the conventional screen printing plate. FIG. 7 schematically illustrates one exemplary method
of avoiding breakage using a conventional screen printing 15plate. FIG. 8 is an enlarged view of
openings in a conventional screen printing plate. FIG. 9 is an enlarged view of electrodes printed
using the conventional screen printing plate. 20FIG. 10 is a cross-sectional view of the connections
between bus baeelkenbderams fitger blettrods takes Gl AzALg RIEG. OhEIGeTe4s an enlarged
view showingpentiigs;op Basereen printing plate in one embodiment of the invention. 25FIG. 12 is an

enlarged V|eW[gf]eIectrE@ge%gg@E§g ﬁ] Qgttlggg%qgrﬁgng@nq platg.in pne embodiment of the invention.

FIG. 13 is a cross-sectional view of the connéections_between bus bar electrode and fln%er electrode
taken along liRE B:BIR FE 92" 30 DR SERIPION SE EMIBSDTRENTE [0625P 2 OAE Ebodiment
of the inventien i$icesoribeddieldw incdetail. Tihe Screentprntingiplde foicaseverethecmanufacture 35 of

solar cells inc &}:bH%’@{Pé%i%”%%%ﬂ?ﬁﬁd&gdo%rﬂgnﬂﬂgUQE’[‘Q %Pé%@@gdéo%%éﬂﬂm@eferred

embodiment, the Iocked zone accounts of up to 60%, more_preferab ry up to
method of printing solat cell electrodes,

characterized in that a conductive paste is printed while

using the screen printing plate of any one of [1] to [3] and
10 moving a sgueegee in a direction perpendicular to a

longitudinal direction of the bus bar electrode.

[ogz2]

It is noted that breakage rarely occurs with a
commenly used finger opening having a width of 80 to 100 um.
15 The invention is effective for fine lines corresponding to a
finger opening width of less than 80 um.

In oxder to take full advantage of the invention when
solar cell electrodes are printed using the screen printing
plate having the features described above, it is desired that

20 the printing direction be substantially perpendicular to the
longitudinal direction ¢f busg bar electrode.

Advantageous Effects of Invention

[0023]
25 The use of the inventive screen printing plate makes
it possikle to reduce the cost of manufacturing sclar cells,
to prevent the connection between the bus bar electrode and
the finger electrode from breaking without increasing the
shadow loss or compromising the aesthetic appearance of solar
30 cells, and to manufacture reliablie solar cells at high

productivity.

BRIEF DESCRIPTION OF DRAWINGS
[0024]
35 FIG. 1 is a cross-sectional view of electrodes of a

typical solar cell.



55% of an opening area computed from the contour of the bus bar electrode. The invention exerts its
effect more when the blocked zone accounts for at least 30%, more preferably at least 45% of the
opening area. The screen printing plate also includes a finger electrode opening having a width of less
than 80 pm, preferably 40 Am to less than 80 pm, more preferably 40 to 75 Rm, even more preferably
45 to 70 Rm, and most preferably SO to 60 Rm. [0026] 10FIG. 11 illustrates an exemplary screen
printing plate of the invention. In FIG. 11, the screen printing plate 1 includes a plurality of finger
electrode openings 2 BXféndihg parallel &6 thel printtg diregtich gsHow bysar¥éwyand a bus bar
electrode opesdiits 3@isahbroad witlth (Wh)edendiaysks pempendicular to the printing direction. The

width Wb is preferably.Q to,3 mm,, n&rgnprﬁeer@b%&kqggnghéngggﬁcm pHpting plate 1
according to the ijg_l\%%wtion, the bug bar electroiie ng,ging 'rlcludes a plurality of blocked zones 4

arranged ther&fil: THeSe168Ked ZoRes Ward forMad 4t 20 pasitions aligned with the longitudinal

direction &f the finger Blé€trotiesspemags 22 The Blotkéd sohe s withinithelhds bareleetbee opening 2
is preferably spacetvapart ardistanced¥vc)pafisl tad0@ Rmemore preferably 100 to 300 Rm from the

boundary between fingerelestrode.qpaning 2:3nd bus Z5-harelectrade ppening 3.4fdhe distance is
less than 50 Rm, then the amount of p%as e discha%ed maé)/ be reduced, invitin breakargceirllf the

distance exceeds 760 Ry, then & prish-6it Of | ﬁla e%ycpr%ggfﬁalﬁqﬁe sgd%%eegré jecome

outstanding fdtl&§&ddle phenomenon to occur, leaving a risk of breakage due 30 to differential
shrinkages upon firing. M. spading hetween tHeckedrenes d4s peeferdbly 100:tax20001gm, more

preferably 30Q o 1,000 Bm-J0827ks prinfhe total atpa alblogked z0nss4 isdup 1. 60% of the 35

overall area of the Qus barfletctrode opening 3 and blocked
printing plate.

FIG. 7 schematically illustrates one exemplary method
of avoiding breakage using a conventional screen printing

15 plate.

FIG. 8 is an enlarged view of openings in a
conventional screen printing plate.

FIG. 9 is an enlarged view of electrodes printed using
the conventional screen printing plate.

20 FIG. 10 is a cross-gectional view of the connections
between bus bar electrode and finger electrode taken along
line A-2A in FIG. 9.

FIG. 11 is an enlarged view showing openings on a
gcreen printing plate in one embodiment of the invention.

25 FIG. 12 is an enlarged view of electrodes printed using
the screen printing plate in one embodiment of the invention.

FIG. 13 is a cross-sectional wview of the connections
between bus bar electrode and finger electrode taken along
line B-B in FIG. 12.

30

DESCRIPTION QF EMBCDIMENTS

[0025]
One embodiment of the inventicn ig described below in
detail. The scyreen printing plate for use in the manufacture
35 of solar cellg includes a bus bar electrode-providing portion
including a blocked zone. In a preferred embodiment, the

blocked zone accounts for up to 60%, more preferably up to



zones 4 (that is, bus bar area computed from the contour of bus bar electrode opening 3 of the screen
printing plate). The width Wf of the finger electrode opening 2 is less than 80 W. 5Use of the screen
printing plate configured as above is effective for preventing breakage of the finger electrodes,
fall-down of the squeegee in the bus bar electrode opening during printing, and a thickening of the
finger electrode at transition from the bus bar electrode to the finger electrode, 10 as best shown in
FIGS. 12 and 13. [0028] Now, one exemplary method of fabricating a solar cell using the screen
printing plate aééorlingto theeinveatiemds desviibaddT e mveritiondsmotlimitetl tothetsodar cell 15

fabricated by Hiis neetbed: Aaas-cuk manaaystadinestH0} o-type sifgan-substratejnavhiehdigh purity
silicon is dop%dl%ﬂ?e%%%%"éi?é%ﬂﬁ%%%*}a&éoo‘{%% galluim 59,85 éorg%’gr%é‘é%s%gﬂty 0f 0.110 5

n.cm is etched with a conc. alkali 20 solution of sodium hydroxide or potassium xide having a

concentration"dtto 66 By wWelght B miNEd 4&i5%f hydroflG6hE SRidAnd nithie deid f& removing the
‘work danfagedIsirfacedayée SThe moreerystalinesifcorroytystrate maay have beett-prepared by either

the CZ or FZ method:25[0029],,,  ,SURsequenty dhesubstrate.surface isprouided,with microscopic

asperities known as texture. The texture is an effective means for lowering the reﬂectivity of solar cells.
The texture niEEBEreddily Provided’By Wimershiy er30 Bibdwratetin Abt alkalife kblutisidof sodium

hydroxide, pofassiu Itypé%@gfypg@s{gyrgcp Ronate, sodium carbonate or sodium

hydrogencarbonate (concentration 1 to 10 wt%) at a temperature of 60 to 100C for about 10 to about
30 minutes. Ot} proper amount of 2-propanol is dissolved in the 35 alkaline solution to promote
the reaction. [0030] FIG. 11 illustrates an exemplary screen printing plate

of the inmvention. In FIG. 11, the screen printing plate 1
includeg a plurality of finger electrode openings 2 extending
parallel to the printing direction {shown by arrow) and a bus
bar electrode opening 3 of a broad width (Wk) extending

15 perpendicular tc the printing direction. The width Wb is
preferably 0.5 to 3 mm, more preferxably 1 to 2 mm. In the
screen printing plate 1 according te the inventicn, the bug
bar electrode opening 3 includes a plurality of blocked zones
4 arranged therein. These blocked zones 4 are formed at

20 positions aligned with the longitudinal direction of the
finger electrode openings 2. The blocked zone 4 within the

bus bar electrode opening 2 is preferably spaced apart a
distance (Wc)} of 50 to 700 pm, more preferably 100 to 300 um
from the boundary between finger electrode cpening 2 and bus
25 bar electrode opening 3. If the distance is less than 50 um,
then the amount of paste discharged may be reduced, inviting
breakage. If the distance exceeds 700 upm, then the push-out

of paste by pressing of the sgueegee becomeg outstanding for
a saddle phenomenon to occur, leaving a risk of breakage due

30 to differential ehrinkage upon firing. The spacing between
plocked zones 4 is preferably 100 to 2,000 pm, more

preferably 300 to 1,000 pm.

[0027]
The total area of blocked zones 4 is up to 60% of the

35  overall area of the bus bar electrode opening 3 and blocked
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The texturing is followed by washing with an aqueous acidic solution such as hydrochloric acid, sulfuric
acid, nitric acid or hydrofluoric acid or a mixture thereof. Washing with hydrochloric acid is preferred
from the cost and efficiency standpoints. To enhance cleanness, washing may be carried out by
mixing 0.5 to 5 wt% of aqueous hydrogen peroxide with aqueous hydrochloric acid and heating at 60
to 90C. 10[0031] On the substrate, an emitter layer is formed by vapor phase diffusion using
phosphorus oxychloride. In common silicon solar cells, a p-n junction must be formed only on the
light-receivingzStifgce. 65§ ehel, shitableamieansal 3 piEE bedakeawfortdvoigpgtany: patjunction on
the back surfage; forexample, fysearsyiag o diffasionwhile-treesubstiatesraregnatas together, or by

forming a SiGpoL SihXfiimsen the back purface as|diffusionm Eﬂ?ﬂ?ﬁ to diffusjon. At Hg.end of

diffusion, the glass formed on the surface is20 removed using hydrofluoric acid or the like. [0032]
Next, an antiréfletflon film is formed on the light-receiving surface. Using a plasma-enhanced chemical
vapor deposition (CVDysystent for fikanfesmationnaSibixfilen:25 sodepasitetitaa thiskness of about

100 nm. Often a rppqure. of moposilane (31140 and, ammopia (NH3)s used as the eaciant.gas

although nitro%en may be used jnstead of NH3. Also hg/droo%en may be mixed with the reactant gas to

adjust the prot@ss preddura’ 1o BifuRIHE F28Etartt gas” or Y5 eRRance 30 the BuIRBERSREtion effect
when the subStiate dsed iS16fpelychitaliné Bilidenn jors3)t thadking phck edtrodeissformed by
the screen printingsnethod. Hrthe-hacksurface of the substsater a3 pastecehtaiied:-by saixing silver

powder and glass,frit with,an organig hinder;is sgraen printed in a bus bar pattern, after which a paste

obtained by m;xi{gmga luminum powder with an organic binder is screen printed in the region excluding
the bus bar. Af&r printing, the pastes are fired at a temperature of 700 to 800C for 5 to 30 minutes to
form a back electrodelT¥e Back ERsepdeny preferatly T6rmad by B tHe griating hnethed L although it

can be formed doyrevaporation,ssputieringtanthedike: 40834 rdindNext, aHronireleettdde isitormed by

the screen printing.methed uging the.sereen.prindingplate aceardingtocigdhe davention.;
13  fabricated by this method.

An as-cut monocrystalline {100} p-type silicon
substrate in which high purity silicon is doped with a Group
ITI element such as boron or gallium so as to give a
resistivity of 0.1 to 5 Q-cm is etched with a conc. alkali

20 solution of sodium hydroxide or potassium hydroxide having a
concentration of 5 to 60% by weight or mixed acid of
hydroflucric acid and nitric acid for removing the work
damaged surface layver. The monocrystalline silicon substrate
‘may have been prepared by either the CZ or FZ method.

25 [0029]

Subsequently, the substrate surface 1s provided with
microscopic asperities known as texture. The texture is an
effective means for lowering the reflectivity of solar cells.
The texture may be readily provided by immersing the

30 substrate in a hot alkaline solution of sodium hydroxide,
potassium hydroxide, potassium carbonate, godium carkbonate or
sodium hydrogencarbonate (concentration 1 to 10 wt%) at a
temperature of 60 to 100°C for about 10 to about 30 minutes.
Often, a proper amount of Z-propanol is dissclved in the

35 alkaline solution to promote the reaction.

N



Specifically, a paste obtained by mixing silver powder and glass frit with an organic binder is printed
onto the front surface of the substrate using a screen printing plate having a comb-shaped printing
pattern designed to a finger 15 electrode width of 30 to 80 Rin and a finger electrode spacing of 0.5 to
4.0 mm. [0035] The screen printing plate of the invention may be obtained simply by providing the
bus bar electrode opening 20 with blocked zones as shown in FIG. 11, without a need to change the
conventional solar cell pattern as mentioned above. [00361 Commonly used screen printing plates
include finger dp&tings having a width of 80 to 100 p.m. In this case, 25 breakage as mentioned
above rarely occurs berause the:finger electoteswie fully wide: ang canthe printed:thicke However, as

lines are narrgwed {0 a.finger; apeningyvidth af lessdhan,80.p-muqthe differgacedn filmghickness

between bus bar electrode and finger electrode becomes greater. Then breakaﬁge 30 can occur due to

differential thérhidi Shritkade (EIGY 8F F00537F ¢ AR'coitfast, Whgh A Sol5PREF i manufactured by
printing asbusHseitelestryds mndva finghd elettrodesimistapeslsyr it fslenf bieakspetistawidable by
the 35 printing stejp-tstigya seeaen-printing. plate iselusing a bushateaiectrade opeqinginauding

blocked zoneg accoupting for, pf0,60% of the opening area-computed fromythe gantour of the bus
bar electrodeoéglG. 13 In order to taggé?égg;{anta e of the invention when solar cells are
e

manufacturedty Bﬁﬁh?ﬁ.g B SHRERTS &re8h riRtig pfAts naSiHy th fRatiisdescribed

above, it is desied that the printing direction be substantially perpendicular to the bus bar electrode.
[0038] The usecafithe screen printing plate according to the 10 invention has the additional effect of

suppressing the fingepglegtrode framythickening because the,presence of hiacked, zones,in the bus
bar electrode gpeningeduces the amount of paste discharged at the last printing side (FIG. 12).
gsilicon golar cells, a p-n junction must be formed only on
the light-receiving surface. To this end, suitable means
15 must be taken for avoiding any p-n junction on the back
surface, for example, by carrying ocut diffusion while two
stbstrates are mated together, or by forming a 510, or SiNx
film on the bkack surface as diffusion mask prior to diffusion.
At the end of diffusion, the glass formed on the surface is
20 removed using hydrofluoric acid or the like.
[co32]

Next, an antireflection film is formed con the
light-receiving surface. Using a plasma-enhanced chemical
vapor deposition (CVD) system for £ilm formation, a SiNx film

25 ig deposited tc a thickness of zbout 100 nm. Often a mixture
of monosilane (SiH,} and ammcnia (NH,) is used as the reactant
gas although nitrogen may be used instead of NH,. Also
hydrogen may be mixed with the reactant gas to adjust the
process pregsure, to dilute the reactant gas, or to enhance

30 the bulk passivation effect when the substrate used 1s of
polycrystaliine silicon.

[0033]

Next, a back electrode is formed by the screen
printing method. On the back surface of the substrate, a

35 paste obtained by mixing silver powder and glass frit with an
organic bkinder 1s screen printed in a bus bar pattern, aftex

which a paste obtained by mixing aluminum powder with an
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[0039] 15When a blocked zone is partially included in the bus bar opening, an unprinted area may be
left after the printing. However, this causes no problems to the outer appearance because a
solder-coated copper lead is bonded to the area upon fabrication of a module. As long as the area of
bus bar 20 electrode is at least 40% of the standard bus bar electrode area, the bond strength of the
lead to the bus bar electrode is maintained. Since the amount of bus bar electrode used is reduced,
solar cells can be manufactured at lower cost. The inclusion of blocked zones in the bus bar electrode
opening 25 ofthgastreeh Prittingiplakcaisitls knybredkage ohtha eonpactorrbemvesh bhs bar
electrode anddingesstectradeer prOnecerelecttodesare foymeacby the-abavesnentioned method,

they are fired by, _ %i{]ea_ig)@t adsmperagye ©of 700 to 8Q0G, 60%£ql§ggni@t%ﬁdrigg of the back
30 electrode and |ght-recelvngS|de electrode may be g\grformed at a time, EXAMPL§$B§004O]
t

35Examples &g EoMSarativeExaripled afe giveh Deidh by Way ot ifstration aid A way of
limitations [0041% [Exdmplewand Teifipativemdmplesfan bTolumesstbatedraseratiteonf the
invention, solarealisewereymanufaeturecdy processing thirty (30) 5 semiconductor substrates as
follows. There;wgtg provided screen printing plates bearing a conventional pattern A having a finger
electrode opening widfy (W of 80 kull (Cpmparadye Example, £10. ), apaten.

printing method usging the screen printing plate according to

16 the invention.
Specifically, & paste obtained by mixing silver powder
and glass frit with an organic binder is printed onto the
front gurface of the substrate using a screen printing plate

having a comb-shaped printing pattern designed to a finger
15  electrode width of 30 teo 80 pm and a finger electrcde spacing

cf 0.5 to 4.0 mm.
[0035]

The screen printing plate of the invention may be
obtained simply by providing the bus bar electrode cpening

20 with blocked zones as shown in FIG. 11, without a need to
change the conventicnal solar cell pattern as mentioned above.
[0036]

Commonly used sgcreen printing plates include finger
openings having a width of 80 to 100 pm. In this case,

25 breakage as mentioned above rarely occurs because the finger
electrodes are fully wide and can be printed thick. However,
as lines are narrowed to a finger opening width of less than
80 pm, the difference in film thickness between bus bar
electrode and finger electrode becomes greater. Then breakage

30 can occur due to differential thermal shrinkage (FIG. 8).
{0037}

In contrast, when a solar cell is manufactured by
printing a bus bar electrode and a finger electrode
simultaneocusly, the risk of breakage is avoidable by the

35  printing step using a screen printing plate including a bus

bar electrode opening including blocked zones accounting for
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B including a bus bar electrode opening including blocked 10 zones (FIG. 11), otherwise equivalent to
pattern A, and a pattern C having a finger electrode opening width (Wf) of 100 pm (Comparative
Example, FIG. 8) as the printing pattern. All the patterns commonly had a bus bar electrode opening
width (Wb) of 1.5 mm. 15More particularly, in pattern B, the bus bar electrode opening was spaced
apart a distance Wc of 100 utm from the boundary between the finger electrode opening and the bus
bar electrode opening, the spacing between blocked zones was 1,000 Am, and the total area of
blocked zone&wds55%%0fthe2E b ak e 4 COMPIRBEHOIA the @®ntdift GTIRE DS IsHr electrode
opening. [0042he buihererwasqrovigsd amras-cutboron-doped {100} p-type silicon substrate 100 of

15 cm square having %ﬁhi&FEE@%S o5 20430 @ﬁﬁngcﬁré%_%%@’ét)’cﬁ Z00.em, dheisubsiialg was
immersed in a cone. pot% m hydroxm%e agueoys solution to.removie the wgrk d%g]a%(i: layer,
textured, heattredted 4t ¢ ]l‘fnea“bahrbusp orus %xyaﬁoﬁaé‘%%%%pﬁe?ec o Bt an ahTiter layer 101,
and etchéd withfyaFoTRRINCCACIH 163D iRhiGe PRESHIOIHRYYIASS Tolicwed By WasKiA gy @rying.
Thereafter, a 5iNx filmdO2rwas farmed usingra plasmadintancedrCYPD systema:On #ielback surface,

a paste of silver powdey -glass fritand organichinderwas sgreen printed in a bus bar pattern 106,
after which a %ao%tgebggf 35 aluminum powder and organic binder was screen printed in a pattern 104
us

excluding the r. The organic solvent was evaporated off, yielding a semiconductor substrate
having a back electrod@forrféd fiferebf. FIOZSTNEE L& Eondubtve padterhased 8n <Avérfowder,
glass b5 frit, organmienethicelarx otganiddotventahddtifther corftainipng cemetalcoxithe as additive was

applied onto the antirefiection iim an dhe,seRjcgaducior subairate e ysing & sgresndinting plate
having the selected printing pafiern gt a squeedeslardness of 9 deqrees, a saugegee angle of 70

pagte discharged at the last printing side (FIG. 12).
[0039]

15 When a blocked zone is partially included in the bus
bar opening, an unprinted area may be left after the printing.
However, this causes nc problems to the outer appearance
because a solder-coated copper lead is bonded to the area
upen fabrication of a module. As long as the area of bus bar

20 electrode is at least 40% of the standard bus bar electrode
area, the bond strength of the lead to the bus bar electrode
is maintained. Since the amount of bus bar electrode used is
reduced, solar cells can be manufactured at lower cost. The
inclusion of blocked zones in the bus bar electrode opening

25 of the screen printing plate avoids any breakage of the
connection between bus bar electrede and finger electrode.

Once electrodes are formed by the above-mentioned

method, they are fired by heating in air at a temperature of
700 to 800°C for 5 to 30 minutes. Firing of the back

3¢  electrode and light-receiving side electrode may be performed

at a time.

EXAMPLES
[0040]
35 Examples and Comparative Examples are given below by

way of illustration and not by way of limitation.
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10 degrees, an applied pressure of 0.3 MPa, and a printing speed of 50 mm/sec. After printing, the
substrate was heated in a clean oven at 150C for drying and fired in air at 800C. [0044] Thirty (30)
solar cells thus manufactured were 15 observed for electrodes under an optical microscope and
evaluated by a solar simulator (25C atmosphere, irradiation intensity 1 kW/m2, spectrum AM 1.5
Global). Also under the optical microscope, the width of finger electrodes after printing and the width of
connection were observed to inspect 20 any breakage. The results on average of Example and
Comparative ER&#ibles are shown in Table 1. [0045] Table 1 Level Finger opening (4m) Bus bar

opening (mm) Blegkashzenes: Breakage: Shekt-eircuit-guriend (mA/cre) Fill factor
To demonsgtrate the benefits of the invention, solar
cells were manufactured by procesging thirty {(30)
5 semiconductor substrates as follows.
There were provided screen printing plates bearing a

conventional pattern A having a finger electrode opening
width (WE) of 60 pm (Comparative Example, FIG. 8), a pattern
B including a bus bar electrode opening including blocked

10 zories (FIG. 11), otherwise eguivalent to pattern A, and a

pattern C having a finger electrode opening width (WE} of 100
pum {Comparative Example, FIG. 8) as the printing pattern.

211 the patterns commonly had a bus bar electrode opening
width (Wk) of 1.5 mm.

15 More particularly, in pattern B, the bus bar electrode
opening was spaced apart & distance Wo of 100 pum from the

boundary between the finger electrode opening and the bus bar
electrode opening, the spacing between blocked zones was
1,000 um, and the total area of blocked zones was 55% of the
20 bus bar area computed from the contcur of the bus bar
electrode opening.
f0042]
There wag provided an as-cut boron-doped {100} p-type
gilicon substrate 100 of 1% cm sguare having a thickness of
25 250 um and a resistivity of 2.0 Q-cm. The substrate was
immersed in a conc. potassium hydroxide agueous solution to
remove the work damaged layer, textured, heat treated at
850°C in a phosphorus oxychloride atmosphere to form an
emitter layer 101, and etched with hydroflucric acid tco
30  remove phosphorus glass, followed by washing and drying.
Thereafter, a SiNx film 102 was formed using a
piasma-enhanced CVD system. On the back surface, a paste of
silver powder, glass frit and organic binder was screen
printed in a bus bar pattern 106, after which a paste of
35  aluminum powder and crganic binder was screen printed in a

pattern 104 excluding the bus bar. The organic solvent was
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(E) Conversion efficiency (E) A(Comparative Example) 60 1.5 absent found 35.1 73.6 15.50
B(Example) 60 1.5 present none 35.1 75.1 15.82

10

15

20

25

evaporated off, vielding a semiconductor substrate having a
back electrode formed thereon.
[0043]

Next, a conductive paste based on silver powder, glass
frit, organic vehicle and organic scolvent and furthex
containing a metal cxide as additive was applied onto the
antireflection film on the semiconductor substrate by using a
screen printing plate having the selected printing pattern at
a sgueegee hardnesgs of 70 degrees, a sgueegee angle of 70
degrees, an applied pressure of 0.3 MPa, and a printing =peed
of 50 mm/sec. Afrer printing, the substrate was heated in a
clean oven at 150°C for drying and fired in air at 800°C.
[c044]

Thirty (30) solar cells thus manufactured were
obgerved for electrodes under an optical microscope and
evaluated by a solar simulator (25°C atmosphere, irradiation
intensity 1 kW/m’, spectrum AM 1.5 Global). Alsoc under the
optical microscope, the width of finger electrodes after
printing and the width of connection were obsgerved to ingpect
any breakage. The results on average of Example and

Comparative Examples are shown in Table 1.

[00453]
Table 1
Finger | Bus bar Short- F111 | Conversion
; ; Blocked circuit L
Level opening | opening Breakage factor | efficiency
zones current B o
(},l.!‘k"} (mm) (mA/CTﬂZ) (‘5) (u)
; .
A {lomparative 60 1.5 absent found 35.1 73.6 15.50
Example)
B (Example) 60 1.5 present none 35.1 75.1 15.82
¢ [Comparative 100 1.5 absent none 33,8 76.2 15.20
Example)
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C(Comparative Example) 100 1.5 absent none 33.6 76.2 15.20 25 [0046] Breakage at the
connection between bus bar electrode and finger electrode was observed under standard level A, but
not in the method of the invention and also under level C 5 using a large opening width. The
short-circuit current dropped under level C using a large finger electrode width. This drop is caused by
a shadow loss due to the increased width. The fill factor under level B free of breakage was 75.1%,
which was about 10 1.5% higher than that under level A undergoing breakage. In the prior art,
breakage at tH&€ @dhhection between bus bar electrode and finger electrode occurred. Using the
screen printing plate afitbeliaventian, etecttedes:-having abigh-aspasi satia cas he-foraed at no risk of

treakage15\QHBOEEE5%§a%@gé@%@&gﬂwgéﬁ5%§8§ved under standard level A, but
not in the method of the invention and also under level C
5  using a large opening width.

The short-circuit current dropped under level C using
a large finger electrode width. This drop is caused by a
shadow loss due to the increased width. The fill factor
under level B free of breakage was 75.1%, which was about

10 1.5% higher than that under level A undergoing breakage.

In the prior art, breakage at the connection between
bus bar electrode and finger electrode cccurred. Using the
screen printing plate of the invention, electrodss having a
high aspect ratioc can be formed at no risk of breakage

15 without increasing the number of steps.
[0047]

As demonstrated above, the invention ensures that bus
bar electrode and finger electrode are formed at no risk of
breakage at the connection between bug bar electrode and

20 finger electrode. Thus solar cells having a high conversion

efficiency can be manufactured in high yields.

Reference Signs List

(o048}
25 1 screen printing plate
2 finger electrode opening
3 bus bar electrode opening
4 blocked zone in bus bar electrode cpening
5 blocked zone
30 12 finger electrode
13 front bus bar electrode
100 p-type semiconductor substrate
101 n-type diffusion laver
102 antireflection film (SiNxz film)
35 103 BSF laver
104 aluminum electrode

105 front bus bar electrode
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[0‘047] As demonstrated above, the invention ensures that bus bar electrode and finger electrode
- are formed at no risk of breakage at the connection between bus bar electrode and 20 finger
electrode. Thus solar cells having a high conversion efficiency can be manufactured in high yields.
Reference Signs List [0048] 25 1screen printing plate 2finger electrode opening 3bus bar electrode
opening 4blocked zone in bus bar electrode opening 5blocked zone 30 12finger electrode 13front bus
bar electrode 100p-type semiconductor substrate 101n-type diffusion layer 102antireflection film (SiNx
film) 35103BSF fayer 2844lursinups elestodertOBfront bus bar electrode 106back bus bar electrode
107finger electrode  finger electrode

110 mesh fabric

111 emulsion

5 1iz2 sgusegee
113 dent

114 breakage
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110mesh fabric 111emulsion 5 112squeegee 113dent 114breakage CLAIMS: 1.A screen printing
- plate for use in printing a conductive paste to simultaneously form a bus bar electrode 5 and a finger
electrode on a solar cell, characterized in that the screen printing plate includes a finger electrode
opening having an opening width of less than 80 pm and a bus bar electrode opening including a
blocked zone. 10 2.The screen printing plate of claim 1 wherein the blocked zone accounts for up to
60% of a bus bar area computed from the contour of the bus bar electrode opening of the screen
printing plate. @53 Mhe screen printing plate of claim 1 or 2 wherein the blocked zone in the bus bar
electrode opening is spaced apart a distance of SO to 700 pm from the boundary between the finger

electrode opeping an%t@cggégaﬁgl%q% g[g%@iggfgg At_léén%po&qf&rﬂ%}%solar cell electrodes,

characterized in that a conductive paste |sr§r|nted while usm%the screen grln plate of any one of

claims 1 to 3 &70 HVing 2 Sy eeina Utetas pardendicafar fo B46ngRidiRardiré&ih of the bus

bar electrode3¥sl a finger electrode on a sclar cell, characterized in that
the screen printing plate includes a finger electrode opening
having an opening width of less than 80 um and a bus bar

electrcde opening including a blocked zcne.

16 2. The screen printing plate of claim 1 wherein the
blocked zone accounts for up to 60% of a busg bar area
computed from the contour of the bus bar electrode opening of

the screen printing plate.

15 3. The screen printing plate of ¢laim 1 or 2 wherein the
blocked zone in the bus bar electrode opening is spaced apart
a distance of 50 to 700 pm from the boundary between the

finger electrode opening and the bus bar electrode opening.

20 4. A method of printing solar cell electrodes,
characterized in that a conductive paste is printed while
using the screen printing plate of any one of claims 1 to 3
and moving a sgueegee in a direction perpendicular to a
longitudinal direction of the bus bar electrode.

25
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