METHOD FOR ELECTROCHEMICALLY DEPOSITING A METAL ELECTRODE ()FA SOLAR CELL
Technical field The invention generally relates to a method for electrochemically depositing metal,
and especially relates to a method for electrochemically depositing, a metal electrode on a cathode
surface of a solar cell. Background Technique Currently, most methods for forming conductive
electrodes of a commercial solar cell comprise the steps of: screen-priming a cathode surface of a
solar cell with a silver paste and an anode surface of the solar cell with an aluminum -paste., and
simultaneously forming a conductive cathode and a conductive anode On the cathode and anode of

the solar cell, M$pBER(RIY, i) Bo Hifing GEHR(D (Ehpdd Lk LIRE AR degd diNbistmdiRddidor forming
conductive electrodes of a solar CELU E;% t&s‘gﬁ? is.simple,a :‘?d endable, and is prone to be
applied to a large-sc.:ale producti % % ,( a@?&%@%@g@« ellﬁwin.l conductive electrodes
of a solar cell hy screen printing and co-firing limits the increase of the photoelectric conversion
efficiency of the solar cell. For ensuring a preferable Ohmic contact between the paste for
screen-printing @sdithesyriack; of the solar cell after being co-fired, and for ensuring the reduction in a

series resistance of the solar cell, not only a meta) finders should be designed to be wider (generally
wider than 100 microns.), but also an emitter square resistance should be designed to be lower

(generally 50 oHrAPE SEUARS). IEBRISIGREGR R RidEMREIRCIADR @ peHass B\RAINWISIROAHEA B the
solar cell, gngJnc.desigr 8&%&%‘%‘*?&%@'%Beﬁ,sr%é}ﬁﬁde@?@%%%r%ﬁ gcﬁl?r{]?%gﬂ{ﬁﬂh&%ﬁ%‘t&f the
solar cell. These are main. reasons why the photoelectric conversion efficiency of a current
commercigleoiap delbis foathodeOhwitarshyg daedimathl measures of enhancing the photoelectric
conversion efficiency of a solar cell is increasing its emitter square resistance. However, after the
emitter square r séigig(g}ge o{ éh% es%{ar.lcell is increased, if the processes of screen-printing a paste and
co-firing are stil adopfeé),%e contacl f&8fstance of the solar cell will be increased, and thus the
photoelectric conversion efficiency of the solar cell will be reduced. Therefore, one of problems which
must be solved @ftershel emittesisauareesisiarmoernfa sedardeattinereasacbisdo seducerthesgoentact
resistance bitwee a conductive metal electrode and the solar cell. One of methods for resolving the

above-mefifidted ProBRIFPRE SoPEing EPH) SelSelva dRIGHEpFoE8SR0THe WoAsAISd Setéctivediffusion
process referstq making, difiereni-areas of the.grmiter of the sglar ‘c%h%ﬂﬁ%%%%%ﬁ?@v%%f o
different values, namely, the area where the conductive metal electrode is formed with a lower square
resistance2BAdSiBLBTAaCghlYebeinng Surfacaduith echighep dguuare resistaincs] VEnis tsthnoldical

design enhapges,a shorciraul gurrent of the splar cell, aselhas degrenses a goptadt tesistance
between conductive metal electrodes and the salar cell; erefore, the selective diffusion process is
one of maith meaduresiaf enHadingthe pdofoeleatid conversianiefficencyxfthe Selavkellcel] is

Nevertheless, it's difficult to apply the above-mentioned processes .of . ..
that, the processp%y szmp?e and c:%epenga%16> and 15 prone to be applied to a

15 large-scale production.

However, a simple process of forming conductive electrodes of a solar cell
bv screen printing and co-firing limits the increase of the photoelectric conversion
efliciency of the solar cell. For ensuring a preferable Ohmic contact between the
paste for screen-printing and the surface of the solar cell after being co-fired, and

20 for ensuring the reduction in a series resistance of the solar cell. not onlv 2 metal
fingers should be designed to be wider (generally wider than 100 microns), but
also an emitter square resistance should be designed to be lower (generallv 50
ohm per square). The design of the wide metal fingers reduces a valid work area

of the solar cell, and the design of the lower emitter square resistance reduces &
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short-circuit current of the solar cell. These are main reasons whv the
photoelectric conversion efficiency of a current commercial solar cell is low.

1



20 screen-printing and co-firing to a solar cell being selectively diffused. The main reason is that, in
the.process of screen-printing, it is hard to align a metal paste to the area with a lower square
resistance on the emitter of the solar cell.  Usually, to solve the alignment problem, the method of
chemically depositing a conductive metal electrode on the surface of a solar cell.is used 25 instead of
the method of Sdremuphintimg B AificaeeFiEet $3lanEancandoHif PR AR Aee AU $8%8rmed on

the emitter of the solar cell hy chemicall it] | PRE JWRetho cretel
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deep diffusion for reducing the squarge resistance of the groo rea o ' d
che_micalI§Cﬁ8%§?ﬁﬁg%%ﬂ%sf8rﬁ?geg8ﬁ Bl&%/gr%sét §I %@&ﬁ%%aé%%téé}ggfgrr%e %%éa{g%itﬁtée]r area
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slow-movm% chemistry process. Generally, it takes ab tte}%hours 0] c%g[ain %g(e)r%dlfcéigeaQetal 5

electrode YA LR MIEdARiERHeeRd FOPEIiRig SRE 83:)1878 S50 WAL R 2id86rption dde o a high

speed of %d&?x?&@iO@%ﬁaeréa%sg@i@h@mi@@Ix depasitisl arepduativie meted dleetrire isganerally
controlled to be slower than 2 microns per hour. The method for forming the solar cell electrode by

cEem@ca”yaiéﬁ@gqﬁ@q@vmaa a@@dwﬁiaﬁé{}?éﬁ]p%?ﬂgrﬁ%é%ﬁ}}etﬁé (%ek life of a solution for
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two different values, namely, the area where the conductive metal electrode 1S
formed with a lower square resistance, and the other light-receiving surface with a
higher square resistance. This technological design enhances a short-circuit
15 current of the solar cell, as well as decreases a contact resistance between
conductive metal electrodes and the solar cell. Therefore, the selective diffusion
process is one of main measures of enhancing the photoelectric conversion
efficiency of the solar cell.
Nevertheless, it’s difficult to apply the above-mentioned processes of
20 screen-printing and co-firing to a solar cell being selectively diffused. The main
reason is that, in the process of screen-printing, it is hard to align a metal paste to
the area with a lower square resistance on the emitter of the solar cell.
Usually, to solve the alignment problem, the method of chemically
depositing a conductive metal electrode on the surface of a solar cell is used
25 instead of the method of screen printing. In a buried contact solar cell, a
conductive metal electrode is formed on the emitter of the solar cell by chemically
depositing a metal, such as copper. The method concretely comprises the steps of:
covering the emitter surface having a higher square resistance of a solar cell with
a passive film or an antireflective film, laser-etching grooves on the passive film,

30 carrying out deep diffusion for reducing the square resistance of the groove area

on the emitter surface, and chemically depositing metal to form a conductive



production cost of the solar cell.  More than that, the solution for chemically depositing metal_is
quite unsteady and the phenomenon of metal self-separation occurs easily, which may affect a normal
production. Moreover, the process condition of chemically depositing 20 metal must be controlled
sternly. For example, the temperature of the solution for chemically depositing copper must be
controlledngtidtye ewrodaueinglse pRksibARY oPopper Sl Ye kst di WhenfcheRiafdWiSositing
copper, br%tﬁs%ir %Lébbling, and filtration are required. For keeping the stability of the solution density, it
is also requwe&lilo constantly add a complement liquid. The adding of 25 the complement liquid must
be controlled VEhe sprictiyssintectoenmicalhycoepsitiog: ReniRewilsrésufbii eosherssed8aNtaton and

too little will reduce the rate of.deposjting.c r L MesLaPsral igally
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higher thaie@r6dB0Sitkha prgotssindedkaegsedi aeahafidneggshsuppyh emishalirsaseréses the

cost. Since the reactign time is long, the nt or the energy consu durin ion is
consideraMi§OTPHMR GHE VR B%@&ﬁ%%ﬁgﬁfﬁy gy%?gtlﬁ%anp&g%%g%ﬁrgs}%%l Igﬁ%eﬂz)?iogéggg gg
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advantage of the plating process is that its speed of depositing metal is fast. When the plating process

is adoptedl@ﬁhb%ﬁe during which a conductive electrode of the solar cell is formed is shortened to

within one hourrfram, abayiten heursenitsisgl shecpIpeasseb eherpiceiyirpoBitidgpositihy
Generally, if the plating process is adopted, the process of forming the (éondu tive electrode.of the
Itsolar cellzetalbetsomphstedristhivsepieo AHAEEY. ANSRBEICAAY ﬁta@é Bt Y of tHe plating

process nsiegdofhe prossss,of chemicall depestingmetal s et bhana BigebeReiaianange

and is espeugﬁy surta or industrial production becausé the process of electrochemically depositing
metal is simptarihant theprBoesondhenmiceting defoeitgirmlz deppeiinapRe Mel Sedifreffent for
temperature is not strict and this process can be gayri ' €1 TEISdS ther
advantaglé%t%ef&g ﬁi% BF8888%1&? an%roei:d%ﬁg %c%%%%?%?&?gggtm]ﬁ%?ﬁ%eaﬂng. The o
compositierckiinelpgiolde sohttionsssedictherpldifiteplotedsisiposahynithpldlsdheigasiectrolyte

solution generally can be repeatedly used for a long time, 2QFurthermore, the | lectrode of
tHe solar CHRGNHEEKY HGeherad ﬁé&ﬂ%’fﬂ%@pﬁ%&ﬁ%ﬁ%@%{:s% N gal?n{%‘%pﬁlgﬁesﬁg%%g%v?ﬁﬁe&%e
ConductiV%%@fjﬁle‘dﬂeﬁq@é gell-gepaosited electrochemically is in micro-crystal state. Therefore,
the conductive metal electrode deposited eletct(tP’r‘E(a)chemjcaigf as better condéﬁictivitﬁ.geerformaace. As a

result, the platelYioetahareSadfd dhearraiste e DS TSR RBMETSAITE] by HESBIR &t on the

conductive, meta| £lg5Irode,dherely impraviad the pheiosiecitioeorymisionifisiensyyobffiesalar cell.
The plating process Is highly suitable for industrial production because_the chemistry fde_gositing

metal by theoprashppodtssiois. VAP RIS, fBIRARTIES tRETVAHEY iRthe SRS & rolyte

splution and the GAMAGMIoN e sternly. For example, the temperature of the solution for
chemically depositing copper must be controlled strictly. For reducing the
possibility of copper self-separation, when chemically depositing copper, both air
bubbling and filtration are required. For keeping the stability of the solution
density, it is also required to constantly add a complement liquid. The adding of

the complement liquid must be controlled very strictly, since too much
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complement liquid will result in copper self-separation and too little will reduce
the rate of depositing copper.

Moreover, most operations of chemically depositing copper are implemented
at a temperature higher than room temperature, for example, higher than 50°C.

30 Such a process needs a great deal of energy supply, which further increases the



30§0Iution has a little influence on the plating process, and the management to the solution is also

quite simple. More importantly, the production cost of the conductive metal electrode of the solar cell

formed by the plating process is very low, and the processing of the waste liquid in the plating process

is also simpler than that in the process of chemically depositin frﬁgetal. Howeveg%%%er is still certain
t

difficulty iaqﬁﬁa&ﬁmwtélﬁpmfélmbtﬂ@&iﬂédawaF HRYLEEQ ERGEZLCEREY o1t '8fthe solar
cell. A mqwgpégggmgﬁqg gﬁﬁgﬁn&é%}lgeen a plating fixture and the solar cell, and the evenness of the

metal plate ar cell. The above-mentioned plating fixture is an important tool during.a

traditional platiff@@)[a@(atbpmhiemfiﬂ}é@b&‘@iéﬁé%ﬁﬁ@%’aﬂﬁ%ﬁ%ﬁjr Mgh&hsIaHRgSpRation is to
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fixture is to u e currentof an external power sup o the object to be plated. In fact, the
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resullts in &)%r HeE&%oP qﬁe?zipﬁﬁﬁ%&so RE'Strface of the solar
semi-conquetarsdateriahéosdarnysy thesetardcallssdragitel tocvatkiofdhe bolar felroftertddenrs during

loading/unloading the solar cell on/from the plating fixture., Usyally, the method forresalving the

aboye-me}ﬁlﬂk}ﬁ%d”@%léﬁ#“@a&%%&ﬁ‘%%n? c%‘éﬂ%&‘&?ﬁ%%?88&%&%6%?&%?0@%%%%% é%lf%%d the

plating fix Qciﬁé*;?{o8&@@@&%‘%&&%@?&%&%@&@@%@|YI@, enddherndephsitingaadtiductive
the solar cell'by

metal electrode © using the electric energy generated by the solar cell subj

 ele jected to
illmmlnathmlsih@@m@l@mm%éﬁéfé(%ﬁ&@i?f@ﬁﬁ@%ﬁeﬁwe surface of the solar cell by way of
the electric e”e[ag%{o%ﬁ%%a&egngx he solar gell aftardsing diupmipated.iikibisiraethrdpracidons plating
fixtures are not needed to condutt the current of an external power supply to the surface tqQ be plated

of the solarloethiseltiatieadsisngronletal dauteat.oytubity thel EhgTBRIRES Arédigednd 18

Ngvertheless, this,method which actuali epasiti et syrface .o lar gell b
using the &%%?ﬁ&aéwerg@uétéﬁeerate?(? aby tﬁz%ggﬁ:ellﬁ?s%%%@o ?a?(s%% rﬁgﬁy ggf@éctéﬁ %?re;‘s? for&frote)éting
metal on thgeanesitsuirfesiyofdhecsilatcethetadiractsonptant posvertbapphpshsula belaurdiin

alusjdition. ngp%g?gggognetal. For example, the requirement for temperature is not strict and
this process can be carried out at room temperature. This is advantageous for the
production control, and economizes the cost needed for heating. The composition
of the electrolyte solution used in the plating process is also very simple, so the
electrolyte solution generally can be repeatedly used for a long time.

20 Furthermore, the conductive electrode of the solar cell formed by a general
chemistry deposition process is in amorphous state, while the conductive
electrode of the solar cell deposited electrochemically is in micro-crystal state.
Therefore, the conductive metal electrode deposited electrochemically has better
conductivity performance. As a result, the plated metal electrode can reduce the

25 loss of current produced by the solar cell on the conductive metal electrode,
thereby improving the photoelectric conversion efficiency of the solar cell.

The plating process is highly suitable for industrial production because the
chemistry of depositing metal by the plating process is very simple, for example,
the variety in the pH value of the electrolyte solution and the composition of the

30 solution has a little influence on the plating process, and the management to the

solution is also quite simple. More importantly, the production cost of the



the direct current power supply is connected to a metal located in an electrolyte solution, and the
cathode of the direct cuiTent power supply is connected to the anode metal of the solar cell located in
the electrolyte solution. Only such a connection can ensure that the metal on the anode of the solar
cell will not be damaged while metal is deposited on the cathode of the solar cell. In fact, such a

connectio@@@@dﬁb‘f@d@@ﬁi@ﬂtiﬁtﬁﬁﬁ@té?rﬁﬁﬁhﬁaﬁé%éﬁéi RS Pjﬁ“tﬁkgdé‘iﬂf)%% and the anode
of the solay ol a1 {he same o BichEeslizdnignianneeResAaLiACaAse.at theaaduiior cost
a

This method Has anotl Isadvaritage. Since the electric potential on the 10 cathode surface of the
solar cell isharstmamatitre ghrthee sdertrib poteatisl gepesHiag mfmé- solar cell and the electric potential

of the external power supply, this is.. the electric b ' : - Il
e

& - 0 101 ’ fith
the surface of theagolar cell depends on n ollrclsi tr?em nness oi thel illu ?p%t‘lsag pégg %g?éegf ?r?e
solar cell, b AQBH5E BEENREESOP ﬁg%o)é%%%eo Lﬁiggpsp(?leaé & meagg]arh c'e(ﬁ by the external power

supply. Fopexamplaeaniv YeR/singreaniatihef sovelmsntisoe Eptasichidvetarwet aniforposhettric
potential on the cathode surface of the salar cell. In .fact,r&'isis very ifﬁ%filt to actuagﬁ suclh 20an even
g}weti

contact in Wﬂﬂﬁsﬂiﬁi%oéu@ﬁé&i@@ﬁﬁrﬁéﬁ@% {RBSFRRPRIoN e ARhIHY atHHE BV & e Fefects in
the prior afﬁ;&ﬁ%‘)?{(}%}?ﬁgﬁt@ YERioB s BRI videR RrogesHife actuatizing shedelactracherical

deposition of meta thie surface of'a solar cell which utilizes the cParact%gftic that the so gSCeII

wil ge_nergr@aimietgcnimp@maimﬂ@ﬁ%c@ﬁ?ﬁli@ﬁlIﬁ%ﬂﬁﬁ&?i‘@)ﬁ’f the HREPSHBTHEF 68 irc
invention Isdé% RIOY ,écrig &pﬁg%g&%%fa?lﬁg%g Iy, dgpostiting mekal yrhiel can ensure that a metal

will pnly bg >posited on the cathode surface tt?e solar celsl. Furthermore, yet another pbject of
the invention is fim pfavidele prosisssskeli tfoehaimiaatly dfeosniay sRlal drveia cHIESIE ce of
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solar cell whighaisessiitaiiestanacell is very large, which finally results in poor evenness of the
15 metal plated on the surface of the solar cell. Moreover, since the semi-conductor
material for forming the solar cell is fragile, a crack of the solar cell often occurs
during loading/unloading the solar cell on/from the plating fixture.
Usually, the method for resolving the above-mentioned problem caused by
the mechanical and electrical contact of the solar cell and the plating fixture is that,
20 immersing the solar cell in an electrolyte, and then depositing a conductive metal
electrode on the solar cell by using the electric energy generated by the solar cell
subjected to illumination. Since the conductive metal electrode is formed on the
surface of the solar cell by way of the electric energy generated by the solar cell
after being illuminated, in this method traditional plating fixtures are not needed
25 to conduct the current of an external power supply to the surface to be plated of
the solar cell, so that various problems caused by using the plating fixtures are
solved.
Nevertheless, this method which actualizes the deposition of metal on the
surface of a solar cell by using the electric energy generated by the solar cell itself
30 also has many defects. First, for protecting metal on the anode surface of the solar

cell, a direct current power supply should be provided in addition. The anode of



large-scale proo_luction. For g_chieving the above mentioned objects, the invention provides a method
for elegtrochemlcally depositing a metal electrode of a solar cell, the method comprising the steps of
10making the surface of the solar cell having a cathode contact with an electrolyte solution, connecting

an anode of the solar cell and a solid metal, illuminating the main li hfé)recei%/it%% sun%ice of tf{g solar

cell by a thtéoaesesUBAHeRSH BictHPBhS ih ARNBREEHDIR SONGIEh LCaEH Hb HletFSHS Rfned on
the Cathogg}ﬁﬂgﬁcea EiltlEﬁ SQL%]S%% sorthat ameteldsdeimeshand depesitad epthectathesieirurface of

the solar cell, meanwhile, the solid metal provides electrons to the anode of the salar cell so that the
metal ionsavddormedland dissclotar iseHe leleatedlyia dbritRIgctrolyte solution. On{y such a
connection can ensure that the metal on the anode of the solar cell will not be
5 damaged while metal is deposited on the cathode of the solar cell. In fact, such a
connection used for depositing metal may make metal to be deposited on the
cathode and the anode of the solar cell at the same time, which results in an

unnecessary increase of the production cost.

This method has another disadvantage. Since the electric potential on the
10 cathode surface of the solar cell is a summation of the electric potential generated
by the solar cell and the electric potential of the external power supply, this is, the
electric potential on the cathode surface of the solar cell depends on not only the
electric potential generated by the solar cell, but also the electric potential applied
to the solar cell by the external power supply. Therefore, the evenness of the metal
15 plated on the surface of the solar cell depends on not only the evenness of the
illumination on the surface of the solar cell, but also the evenness of the electric
potential applied to the solar cell by the external power supply. For example, only
very fine contact of a whole surface can achieve a well uniform electric potential
on the cathode surface of the solar cell. In fact, it is very difficult to actualize such

20 an even contact in industrial production.
Summary of the Invention

Aiming at the above-mentioned defects in the prior art, one object of the
invention is to provide a process for actualizing the electrochemical deposition of
metal on the surface of a solar cell which utilizes the characteristic that the solar

25 cell will generate an electric potential after accepting illumination.

Further, another object of the invention is to provide a process of

electrochemically depositing metal which can ensure that a metal will only be

deposited on the cathode surface of the solar cell.



Preferably, the solar cell does not contact the electrolyte solution except for its surface having the
cathode. Preferably, the surface contacting the electrolyte solution of the solar cell only comprises the
cathode. Preferably, the surface contacting the electrolyte solution of the solar cell 25may comprise
the_ cathode and the anode at the same time. Preferably, the electrolyte solution includes metal ions
acid radicals, whtertberiradditives anotheresbigsly ofhthéldetenHesdiutd PESHBRsE PE G885 %0ne metal

ion. Preferably, the electrglyte soluti omprise [ ical r bhsith
electrolyte %%%HS%%%#&S%H&%@&%;R a% ﬁltiégj} ttl?@lﬁ% g?z&%@?ﬁ?ﬁiﬁ%ﬁ-i@?ﬂEgusuﬁlrface IS
the surfacesdsintacdiogatizeosdeprolytengatution canthe sffifats dlfythersotdieskll which does not contact

ine natural light b GRCENIERR S A AR PRrLTera ot T ek o Iiaating, (e
ztﬂzcri ;’; Elﬁ)sé.@l@ihgelhiétﬂlu&ﬂr@i@@m&idbtﬁi{é@tbf of higdigbipasslhgrthrough theteldetioiyte or
large-scale production.

For achieving the above mentioned objects, the invention provides a method
for electrochemically depositing a metal electrode of a solar cell, the method
comprising the steps of:

10 making the surface of the solar cell having a cathode contact with an
electrolyte solution,

connecting an anode of the solar cell and a solid metal,

illuminating the main light-receiving surface of the solar cell by a light
source,

15 wherein metal ions in the electrolyte solution accept the electrons formed on
the cathode surface of the solar cell so that a metal is formed and deposited on the
cathode surface of the solar cell, meanwhile, the solid metal provides electrons to
the anode of the solar cell so that the metal ions are formed and dissolved in the
electrolyte solution.

20 Preferably, the solar cell does not contact the electrolyte solution except for
its surface having the cathode.

Preferably, the surface contacting the electrolyte solution of the solar cell
only comprises the cathode.

Preferably, the surface contacting the electrolyte solution of the solar cell

25 may comprise the cathode and the anode at the same time.

Preferably, the electrolyte solution includes metal ions, acid radicals, water
and additives.

Preferably, the electrolyte solution comprises at least one metal ion.

Preferably, the electrolyte solution comprises at least one acid radical.

30 Preferably, the electrolyte solution comprises at least one additive.



Preferably, the anode of the solar cell is connected electrically with the solid 10metal by a conductive
wire. Preferably, the solid metal is composed of as least one metal or alloy. Preferably, at least one
surface of the solid metal contact the electrolyte solution. Preferably, the method further comprises the
step of connecting an external 15power supply between t%}eﬁanode of thecfolar cell and the ﬁglid metal.

Preferably, the satarall joks S0Pl | ‘dfFé&IXH?geﬁPﬁ &r SupBly SHSBES SRBHS Wi hRected
with the a%?9&~8h9§%_§8!é{18ﬁ',' BRAheseranods imeonsasted withing selidimesal chneferably, the

output power of t . irect current power supply is not less 20than zero.  Preferably, the composition
of the soli¢lewtaligersokums,as the composition of the metal deposited on the surface of the cathode

of the solar cellp Preerafiv, i aiRt Sellis fradaveve e slerzelie selutinn. Miiatabvethe solar

, a
cell is moveq a ong%g : directior During the process of electrochemically depositing
metal of thiénventiah] igtetat it lcglnt emiyi theddespesitébiorinhtogathode of the solar cell, so that a

e e S i P e dosstan ol v
contact angitheuaeseniessiof hiecddepositot ghetasiae twodel. the electrolyte or other
mediums.
Preferably, the anode of the solar cell is connected electrically with the solid
10 metal by a conductive wire.
| Preferably, the solid metal is composed of as least one metal or alloy.
Preferably, at least one surface of the solid metal contact the electrolyte
solution.
Preferably, the method further comprises the step of connecting an external
15 power supply between the anode of the solar cell and the solid metal.
| Preferably, the external power supply is a direct current power supply whose
cathode is comnected with the anode of the solar cell and whose anode is
connected with the solid metal.
Preferably, the output power of the direct current power supply is not less
20 than zero.
| Preferably, the composition of the solid metal is the same as the composition
of the metal deposited on the surface of the cathode of the solar cell.
Preferably, the solar cell is fixed above the electrolyte solution.

Preferably, the solar cell is moved along the horizontal direction.
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During the process of electrochemically depositing metal of the invention,
metal ions can only be deposited on the cathode of the solar cell, so that a
problem of the reduced cell efficiency caused by a short-circuit due to the
deposition of metal on the anode is solved at root, while possibilities of damaging
the solar cell caused by any kind of electrical contact and the unevenness of the

30 deposition of metal are avoided.



Another advantage of the invention is that, an external power supply is not needed to protect metal on
the other surfacg of the solar cell since the other surface of the solar cell does not contact the
electrolyte solution. Therefore, the electric potential on the surface of the solar cell changes from zero,

and can be 5controlled effectively, sa that the rate of.an electrochemical r i : de
s_urface of the $914F II%&YF‘B@?@&B%I% 8. VAR rlﬁﬁg%rta%r% & \E%ﬁ@gé? %ﬁ%?gs %%é tiégr?tilgghat,
since an gyepResEOhiRdimiRation intensibtisensufade the electtiolpotentiabover the whiate surface

of the solar cell is quite even, so that the metal is very evenly deposited pver the.whole cathode
surface oftiEaseIRt B sols erlbAeradRintegLast tfféen%éﬁﬁ% @tﬁgﬁlgﬂré‘ffeg}é;% 16?%5 a ?gming can

be, achieyd. RIS AMARAISS RERGRAIbeUSP il dordimiad arglarceelioayingra seiectue difusion

structure. Explanations of the drawings  Fig. | is a schematic view of carrying out.an electrﬁghemical

reiactionhmmfﬁddodﬁmfmb,ofs@ sthat ddipts Hepesit e sy AL mEtROMF o0 T
electrochemica iti i ; . S )
The Conc%%ﬁgfln%%%%'e'%%{ﬁl%%b? e ﬁnﬁ@%”cg}ﬁ%q%SpeCIflcatlon of Embodiments

concret |m§.nts w escribed below with reference to the 20drawing.  Fig. L is a
schematic viewAofathrying potantetebtrodhemichltheadiivpnsiothéscHiRbod ke faBeOFASI A ell to

deposit metal by using the method of. electrochemicall [t net the. R, As
depest mge g e et et aehenical eposing et bR
invention gretRaiiyiue@Epriseaitelectnlysic thak (@, arcebetroiyry sukniondxp e isetapeal B, a
conductive metal wire 40, a metal block 50.and an illuminator 60.
10 whole cathode surface of the solar ce k
Yet another advantage of the invention is that, an effect of self-aligning can
be achieved. This advantage is especially useful for forming a solar cell having a

selective diffusion structure.
Explanations of the drawings

15 Fig. 1 is a schematic view of carrying out an electrochemical reaction on the
cathode surface of a solar cell to deposit metal by using the method of

electrochemically depositing metal of the invention.
Detailed Specification of Embodiments

The concrete embodiments will be described below with reference to the
20 drawing.

Fig. 1 is a schematic view of carrying out an electrochemical reaction on the
cathode surface of a solar cell to deposit metal by using the method of
electrochemically depositing metal of the invention.

As shown in Fig.1l, the devices used in the method of electrochemically

25 depositing metal of the invention are mainly comprise an electrolytic tank 10, an
electrolyte solution 20, a solar cell 30, a conductive metal wire 40, a metal block

50 and an illuminator 60.
A main function of the electrolytic tank 10 is containing the electrolyte

solution 20. In the case where the main light-receiving surface of the solar cell 30

9



A main function of the electrolytic tank 10 is containing the electrolyte solution 20. In the case where
the main light-receiving surface of the solar cell 30 is its cathode surface, another function of the
electrolytic tank 10 of the invention is permitting the light emitted by the illuminator 60 to pass through

and irradiate on the main light-receiving surface of the solar cell 30. Thus, the electrolytic tank 10 of
the invenﬂﬁ)htﬁ‘e?}lﬁédr%ééé%%@% ﬁﬁaﬁgb%i'ré%ﬁﬁarb&gé}%ﬁ)ﬁet?gggt]i}qﬂ%ﬁi(rigb Qﬁlgtﬁ%élﬁ’l?g&tlgnglass, a

ranspareqt raanieMAteatiand sarfd bin e RaRRIMBRSe Ieingisiohivactivind Sidduzof the
(0]

solar cell does not comprise its cathode, namely, its light-receiving surface and cathqde surface are

two surfacestbethensollgbélreespag sl fase MR SIS KSIP Be ol aISdsE TR SGIA eI, so
that the lighy sifed e e lumigalansianiesiiediata e upRat sHUies ah i eraelaracel
The electrolyté solution 20 in the electro

ytic tank 10 of the invention is composed mainly of metal ions
and acid radibads, quettastoppertsaippatenhioketoivorateriiisd 66 Mecording to different

requirements for the deposited metal, the.electroly: i y | ion or
more, 158imila?r\§/,%12\%é:§%%n %Slgiﬁg?en arlélq%' écr%n)gateﬁ(ig%}g% g}%‘%%%%gsi?e?g Hrrﬁ%e?%&%%&%%ﬁ?@ solution
20 may compiiseseniss angalasid radieallor iwolegstichcassnfatenadicamhdativede radicas Rty

reducing the stresgs of the deposited metal and enhancing.the flatness of th oSl etal, an
appropriaf®AdtiachR) b e Ja& | éequB%‘f%YﬁB'Q%}% F&ngﬁ%&:sglro .%‘é o jﬂ%gr%r(ﬁ éﬁgg!&olyte
solutions gRd §B@a@r@é¢ﬁ5§@ﬁ%@(ﬂ{@®§mi@ﬁﬂiﬁédﬂg‘sﬁmgimhﬁﬁainatc@meﬂmbmdzam tecihataltieature of
the invention is that, onfy the surface having the cathode of the solar cell 30 contacts the electrolyte

dblution 20RPRF i GrREcd s EB&EHot contact the electrolyte solution 20.  For the simplicity of

industrial produgtion.twa siifaces RliBare than 9% deetresselal aalar colls argthncatitbste and
anode, respectively. Therefdre, the method of the invention is especially adapted far depo%{én metal
on the commarisksoaatly, Whasitlel pstissd Grikerisatior ehsuoPRRe %‘l‘)&@ Minercial solar

cell an exfernal pOWS] PUBRbG IS QL deaRsSAIRTaGIer e AARGIA 26 ta-angdeabihmealar cel

since the anode is loca e reverse side _
the electrolyte solution 20 may comprise only one metal ion or more.

15 Similarly, According to different requirements for the deposited metal, the
electrolyte solution 20 may comprise only one acid radical or more, such as
sulfate radical and nitrate radical.

For reducing the stress of the deposited metal and enhancing the flatness of
the deposited metal, an appropriate additive may be added in the electrolyte

20 solution 20 according to different electrolyte solutions and the process of
electrochemically depositing metal.

One important technical feature of the invention is that, only the surface
having the cathode of the solar cell 30 contacts the electrolyte solution 20 and the
other surface does not contact the electrolyte solution 20.

25 For the simplicity of industrial production, two surfaces of more than 90%
commercial solar cells are the cathode and anode, respectively. Therefore, the
method of the invention is especially adapted for depositing metal on the
commercial solar cell. When the method of the invention is used for the above
commercial solar cell, an external power supply is not necessary for protecting

30 metal on the anode of the solar cell, since the anode is located on the reverse side

of the cathode and does not contact the electrolyte solution.

10



of the cathode and does not contact the electrolyte solution. As shown in Fig.1, the conductive wire
40 is electrically connected between the solid metal 50 and the solar cell 30. Generally, the main
composition of the solid metal 50 is the same as the composition of the metal to be deposited on the

cathode surface of the solar cell 30.. The solid metal 50 may be a metal with a single composition, or
he an alloy cordgosBa'SR bl hhntBR& aﬁtm@&m%ﬁn@g@%&% SIRRBECAE r%%r%%%lon in the
electrolytigfan i wiile As qoged caatast vt G alesiolyteeolian gk sheocathede

surface of the solar cell 30 is the main light-receiving surface, the position of the solid metal 50 must

not influerieBithencOirafidsicheos ameciight BenREIBRAFIHEN A NSEIBBLdR (e LEPRTEEr Met8Biar cell
30. Fig.laﬁl18¥1\/es &Fﬁrgg@?{ggq?%n LS of electrochemically depositing a metal electrode on
' rcell by t

the cathodé surface of the sofa e method of the invention. 15Different from the traditional
plating processTihe sitictetahfiCairendtion oietsl niEndor tgescost PRy e @Fid .56l Provided

from external, but is,realized using electric energygenerated e selar, cell it dInFigyythe
iIIuminatorCé’éniQ%Egt@ JEfAW t egrélé)cl%?ollﬁ% gnﬁ(ﬁ%‘ é%p(@é%j}] 0 tr?e%ﬁlugrré\iﬂ?ocr%o de e%ds on
the structysegfithe isotae cal @t Iintibesdlcadewitibratthacathodd obthecsoldtlcgha3olpeirs itin

light-receiving surface, the Jower surface, ise, the cathode surface, of the splay.cell 30 is irradiated by
the light ey tAE- ilNHIRRLT0 FALSAS 1 %ethgftsrghgpasr%%% eI‘éﬁggoalgy'/qi:c]tan(in &?aqc}?

0 and the
ebdetel??Hﬂ%e’iQin Argiarcelldspoariiee srveringaighilefergyuta aneledireranethy. After
the solar ce is‘irradiate(% by the light, a negativ in ntial is gegﬁrated on theﬁ)urfa fthelemitter,
i16. the catiiEaiatious Ot &R e F5M BAGWR B SIHBENEEY 15 e SR RAKAS s %ﬁ%ﬁ A

egtgnearrating the
negative potentigl. Metal ions in the electrolyte solution 20 driven by the negative potential move
toward the cathode, and then a metal atom is formed and deposited on the catﬁ;)éd surface of the

solar 30cell 30 dfier theheietapicIERRIEEDISREAOMDBAABRS CRtHIEIERFREBIGRthe dBRASERRS @

metal electrode on the cathode surface of the solar cell by the method of the
invention.

15 Different from the traditional plating process, the electrochemical reaction of
the invention does not need electric energy provided from external, but is realized
using electric energy generated by the solar cell itself.

In Fig.1, the illuminator 60 is located below the electrolytic tank 10. The
position of the illuminator 60 depends on the structure of the solar cell 30. In the

20 case where the cathode of the solar cell 30 is its main light-receiving surface, the
lower surface, i.e. the cathode surface, of the solar cell 30 is irradiated by the light
emitted by the illuminator 60 passing through the transparent electrolytic tank 10
and the electrolyte solution 20.

A solar cell is a device converting a light energy to an electric energy. After

25 the solar cell is irradiated by the light, a negative potential is generated on the
surface of the emitter, i.e. the cathode. Thus, the illumination allows the solar cell
30 to release electrons after generating the negative potential. Metal ions in the
electrolyte solution 20 driven by the negative potential move toward the cathode,
and then a metal atom is formed and deposited on the cathode surface of the solar

30 cell 30 after the metal ions accept electrons on the cathode surface of the solar cell

30. At the same time, under the function of a positive potential of the anode of the

1



30. At the same time, under the function of a positive potential of the anode of the solar cell 30, the
solid metal 50 in the electrolyte solution 20 constantly losses electrons through the conductive wire 40
to form metal ions to be dissolved in the electrolyte solution 20, so that the density of the metal ions in
the electrolyte solution 20 is kept constant. At last, an electrochemical reaction process js realized

SUBOR A0 QRO

without arselererll péwdheuispiv m@ﬁ*e?@niﬂréh@tﬁ@%‘i&i‘ﬁ@%?@ BEOthatr&Q SE&Mial power
supply, th%1%98%%sp{@cﬁggﬁg{l%e&&%?aﬁ%wrg%@Pﬁitmlw%tgr {BadnveniidnsdoRsAqhNBEd any

externfal power supp carries out the whole electrochemical reaction by way of the electric
poter;t!al genenathddy dhetsola? OelbGOtist It laftateroizingy ithemiratd. DBENE th cabtsrdTplBtess, the
metal ions thus can.only be deposited on the cathode of I l} 30. ] istic has
very mpoﬁélr‘r}%%%séﬂs n){ﬁ‘ngﬁe&}?a(f%%&rgﬁo‘r%of?égg s%%r%gﬁﬁﬁ?éggt%goﬁ%ﬂﬁgr%ﬁ%ﬁg carried
out with anexiesdakpower supplyethel metebnslipelveposited on the both cathode and anode

unprotected on IS the surfaces of salar. cell, which results in.a shart-circuit of t

decreases the S Séqgét{?@%fﬁfe@i%‘ﬁ%fﬁ:‘igﬁ%§/§otﬁﬁ]yer%%ﬁlélfecseﬁ.rlfr%gl%%ﬁ?g r&%ﬁ%ﬁé@%j ?ngvention,

even if the;gaQde siddase isrexpesesbhitinitapgssibieiotithe metal tofbehdepositetbondies anaide of the

solar cell since the anode can only accept electrons rather than release ?ﬁrtrorl% %fter the solﬁr cell is
cell et

subjected RS OOIIRMINBNEHENFhPERSFS, HEPPIF0IOM of #E FePHhs Riches IR ihe

ShO”'C”CU}EQE‘;H&%ﬁﬁ%gﬁ SPivRAALERAL pofiihelsasmestitee, sinekeasstiarwdll Slcesis fefierally

about 200um In thickness; any locally physical contact will easily cause,crack, And since the process

ob eIe_ctrocheini;‘aiﬂlk_ud@p@@l(ﬁqngq@iégoﬂ@ﬁearhﬁ?é(ﬁtiEFPﬁéé%stﬁ@ al o ﬁ]BWerC@Bp YtH&te is no
electric confact éjlltléglglm eeéeﬂgg}:%e iﬁﬁré(s‘?{fé‘f‘%%—llojéhe invention, so that the possibility of damaging
ed. '

the solar cefl’slice IS avol ~ Further, since the resistance of the cathode surface of the solar cell is
generally large, Bhisutsitrectetstic domtacewyill reantan apens e vish Hodd SHE cPERAIRE JotehtAFon the

cathode surface of inesolar el o (B AN UPSYRONGRS O ARMEmAtRhdRROsiedanthe siage of the
supply, the metal will be deposited on the both cathode and anode unprotected on

15 the surfaces of solar cell, which results in a short-circuit of the solar cell and
decreases the photoelectric conversion efficiency of the solar cell. And in the
method of the invention, even if the anode surface is exposed, it is impossible for
the metal to be deposited on the anode of the solar cell since the anode can only
accept electrons rather than release electrons after the solar cell is subjected to

20 illumination. Therefore, the problem of the decreased cell efficiency caused by the
short-circuit of the anode is solved at root.

At the same time, since a solar cell slice is generally about 200um in
thickness, any locally physical contact will easily cause crack. And since the
process of electrochemically depositing metal of the invention needs no external

25 power supply, there is no electric contact during the electrochemistry process of
the invention, so that the possibility of damaging the solar cell slice s avoided.

Further, since the resistance of the cathode surface of the solar cell is
generally large, an outside electric contact will result in an unevenness of the
electric potential on the cathode surface of the solar cell, in turn an unevenness of

30 the metal deposited on the surface of the solar cell. And in the electrochemical

reaction of the invention, as long as the illumination intensity on the surface of the

12



reaction of the invention, as long as the illumination intensity on the surface of the solar cell is even,
the electric potential generated by the solar cell is even over its whole surface, namely, the metal is
evenly deposited on its surface.  On the other hand, in the electrochemical reaction process of the
invention, the surface having the cathode of the solar cell contacts the electrolyte solution and the

other surfacdasfabl sokivareltdostasttcamimiiiad erssratgtoforoks erll iSSVeR f¥&Edtary to
use an exteg) elp(é;l%ql rc%”%%%?gﬁgee% 013 %@éﬂ@ﬁ?gb%@%ﬂé%&a@ cell. As aresult, the

I
electric po%n%% e sur e solar cell may’change from zero, the rate of the electrochemical

reaction on the cathatle strfackaoiithiz shiaretattmalydmeibetteractittropeds essdaheheataamtion,
10electrochemically depositing metal may be.changed arbitraril varying the i inating: intensity.
Gy R LRt Rt

The metal ention is very eve eposited on the cathode surface of
the solar cefldTihe saseristhat tietetestisrpattindiat generatedaby the stdatrodiitis difetitty: psoportional

to the illuminating intensity accepted by the solar cell. The potential ov%r the h?Ie S r{ace f the solar
cell is verytBdbAtol tlﬂ%tc%‘?ﬁﬁﬁ%}ﬁf%él%%é?i&%ﬂ%ﬂnﬁ%ﬁ%éi‘t’ﬁpﬁd %iﬁrr?g\é %e%?%‘er%legngy the

position, theshapg-andthe gizesafiheanode metaliloeke Afeeuen plaetiitpasantial huifascapfeven
electrochemical reaction rate, in turn an even metal deposition layer. 20The meth?d of the invention is

especially tsefn et prbduEaNgCnESIdF €8l FRRAnGDE J8IEcATARAHRISH QERFRIFE! FEATEAGTY the
reflective el alfit3elat.celb A8 prEelasive imiprad deadne taftestiveraigdenatally plated

on the surface having a high square resistance of the solar cell. The antireflective film acts as a mask
during the plecesslufmiceliyciepisilingepssiing micts ot zangadimrbiier khd praverRgnblectrons
generated thef rﬁghode of l}%]solar cell from contacting the metal ions in the electrolyte solution.

Yy

And the eléctions %e%%rg%tee&l the surface having a low square resistance, which has been

selectively diffuseteanttialnatoghotediey myghneﬂm,od?ﬁm@ isvlaniceth dontary m@f:niétdpmﬂéf@dthe _
formed on RS SHRASEIPHE SHELEGE Of SlomrA TN LAl) Top oo el o I ERteg aliiba
carried out jrgesraiéently oheogsinmogsll is directly proportional to the illuminating intensity

15 - accepted by the solar cell. The potential over the whole surface of the solar cell is
very even on the condition of the even illuminating intensity, and will not be
influenced by the position, the shape and the size of the anode metal block. An
even electric potential brings an even electrochemical reaction rate, in turn an
even metal deposition layer.

20 The method of the invention is especially useful for producing the solar cell
having a selective diffusion structure. For reducing the reflective rate of the solar
cell, an antireflective film for reducing the reflective rate is generally plated on
the surface having a high square resistance of the solar cell. The antireflective
film acts as a mask during the process of electrochemically depositing metal of

25 the invention and prevents the electrons generated by the cathode of the solar cell
from contacting the metal ions in the electrolyte solution. And the electrons
generated by the surface having a low square resistance, which has been
selectively diffused and is not protected by the mask, of the solar cell contact the
metal ions in the electrolyte solution, that is, an electrochemical reaction occurs,

30 and a conductive metal electrode is formed on its surface.

The process of electrochemically depositing metal of the invention may be

13



During a process of intermittently electrochemically depositing metal, the solar cell 30 of the invention
is fixed above the electrolyte solution 20 with its surface having the cathode contacting the electrolyte
solution 20. When the solar 5 cell 30 receives the light emitted by the illuminator 60, the metal ions in
the electrolyte solution 20 receive electrons from the cathode surface of the solar cell, then a metal is
formed an@aﬁ@pdﬂwdmlﬁﬁétt@iﬂdd@fs%f&@@@%ﬂé(-solar cell.  During a process of continuously

electrochemicaly depositg, metaloine ol cih 40 ol o el avSSSHRND mberizenta

direction. The mean moving the solar cell 30 may be a roller of a moveable carriagé;.,For

example, thd molzal L8030 Hay bephiced on Sxpdugbertonbes arptiel xiafaelianngla Withdtie

contacting the.electrolyt lution 2Q belowy it. ' in directi
the solar co H0 e D e i e T e e et ot

: _ 0 ers to realize the process of
cantinuouslylelactreshemicalhe 1Gdapasitifigethdizl. the Thk folloating  Grelsevesetiedetaiiedn the

embodiments of ysing the methad of the invention. 1. The First Emhadiment The first |

fabricating%et?%’ili?gﬁeﬁ(gk}fé?%glﬁéée?&]IXWSK%}S\OBQ LRGSR %%}%@g&gg 5 t%%(%%i&r%,l’

diffusing, edge atghing.isqetine:a ai¢atepisdedibn drearniidyipesauffaee Stiresolprinthy an aluminum

Paste on an P-type surface, screen-printing a silver paste on the N-%@e ;urfac .and firiP t(%hmake a
5 i

solar cell whosd BH#gef RFRESHvEisIOARHIRIRY i€ HREL G 75 SR BREN cirtuit

voltage, the gfrent densityn ther serias R 3sasistancelshe paaliloasipieineerhund MedMinadadior of the
solar cell are 625mV, 35.3mAlcm2, 0.00752, 13.112 and 75.1%, respectively. The secon%st%p is

prleparing ensctiolyhesiotisresll 30 madpheatisnlbTPEGHH KB BIORAE ST SERRPHsdBiving
200g of copper sulfpiey 1207191 §ykiuie B'd aR6kH IPAIGNThIEnkY Agetd TIRGHE Ald0okuater

contacting the electrolyte solution 20 below it. As this group of rollers rotates
toward a certain direction, the solar cell 30 is moved along a certain direction on
this group of rollers to realize the process of continuously electrochemically

15 depositing metal.

The followings are several detailed embodiments of using the method of the
invention.

1. The First Embodiment

The first step is fabricating a traditional solar cell as follows:

20 A P-type silicon slice is processed by texturing, diffusing, edge etching,
coating a silicon-nitride film on an N-type surface, screen-printing an aluminum
paste on an P-type surface, screen-printing a silver paste on the N-type surface
and firing to make a solar cell whose photoelectric conversion efficiency 18
measured as 16.57%, and the open circuit voltage, the current density, the series

25 resistance, the parallel resistance and the filling factor of the solar cell are 625mV,
35.3mA/em?2, 0.0075%, 13.11Q and 75.1%, respectively.

The second step is preparing electrolyte solutions:
Preparation of a copper electrolyte solution: evenly dissolving 200g of
copper sulfate, 120g of sulfuric acid and 4.5ml of brightening agent VF100 in 1L

30 of water.

Preparation of a tin electrolyte solution: evenly dissolving 50g of stannous

14



Preparation of a tin electrolyte solution: evenly dissolving 50g of stannous sulfate, 60g of sulfuric acid,
489 of thymosulfonic acid and 2.4g of cresol in IL of water. The third step is electrochemically
depositing metal:  The cathode surface of the solar cell is contacted with the above copper
electrolyte solution, and the anode of the solar cell is connected with a solid c%%e%rég the copper

electrolyteseliigtoR 8ol gHiintisrasigiat 88 PEGWRIRNEYAAE KB MEE thetsblar cell is

irradiated é ht for 15 minutes, it is measured that the thickness of the copper layer deposited on the
cathode conductive electrode of the solar cell is about 10um.  Then the cathode of the solar cell after
the above step Thedahtadtettwith ahectaibohe micatipnéepsislegtragitd solution, and the anode of the

solar cell is conpected with a solid tin in tin electrolyte salufi ' inatqr. is pl low the
transparent elgf%ly?%t\%)r%? RHEPHe ggl%ﬁ%esf i?%rrg%gaiéd%bééﬁ%%g %ﬁﬁqmgigﬁ)i\%ea r%ad that
the thicknesscefdhedinsidyeiote pasitethenathedeatd deecontiuctiet! ele e ofethevsidharaceitlig about

0.01um. At the same time, it is measured that the photoelectric, conversion efficiency of sqlar cell
has been ﬁﬁBRWeéntot%.WBPQEd%@%ﬁéﬁ'@r&ﬂ%&?&gé@ é@%ﬁ\?’ %ﬁ%rcﬁsrr ﬂ? %%Slt?/ﬁ?)s% L
35.2mAieRnthrsaties lrsiganee inAl00ASRrthadatdliel redistanieddidd 18y atiglthelditling factor is

76.9%. 201 The Second Embodiment The first step is fabricating a buried contact soiay cell as follows:
A P-type slmé@%t@ﬁcétié%W%%%&%&@i&m@%ﬁ?&sﬁ@wg@%hf#‘é?o %S%éiﬂa, i

laser-etching huied SoMATHAQOYES a5t ATty S| sHEasss dBerly Idjffusing inside the buried contact

grooves, sputtering aluminium on a P-type surface and firing the aluminium, chemically plgting nickel

inside the buried leonttet gasbess, ahdieraaky SHICREISIMBBRARNYF SHER AfirgHRCHERS HHESecond
step is pre%zg{)g ‘;}?e ﬁg;ggff%ioaé?tméﬁéfe&ﬂm}m of aunigke! glecfEolyte srlution; evenivs

dissolving g of nic ate, 8g of sodium chloride, 30g of boric acid and 40g of anhydrous
sodium 30suffatecindLvaftivatenl Rréparatidre dtra@@pﬁ@ﬂ}é@@@h@t@%oﬁh@ﬂi‘éﬁéﬂﬁi@i§§dN/@ﬁ§C§009 of

coppet Su'[)aetf}d\%/ztg% gga%%'{;%ggn Cé%%ﬁ%%@kg&@ig@g&rﬂﬂg A9EP YR 109 A dibted by light for
| minute, it is measured that the thickness of the tin layer deposited on the
13 cathode conductive electrode of the solar cell is about 0.01um. At the same time,
it is measured that the photoelectric conversion efficiency of the solar cell has
been improved to 16.94%, and its open circuit voltage is 626mV, the current
density is 35.2mA/cm2, the series resistance is 0.0045Q, the parallel resistance 1s
49.41Q and the filling factor is 76.9%.
20 2. The Second Embodiment
The first step is fabricating a buried contact solar cell as follows:
A P-type silicon slice is processed by texturing, shallowly diffusing, edge
etching, oxidizing, laser-etching buried contact grooves on an N-type surface,
deeply diffusing inside the buried contact grooves, sputtering aluminium on a
25 P-type surface and firing the aluminium, chemically plating nickel inside the
buried contact grooves, and forming a nickel-silicon alloy after firing the nickel.
The second step is preparing electrolyte solutions:
Preparation of a nickel electrolyte solution: evenly dissolving 150g of nickel
sulfate, 8g of sodium chloride, 30g of boric acid and 40g of anhydrous sodium
30 sulfate in 1L of water.

Preparation of a copper electrolyte solution: evenly dissolving 200g of
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of water.  Preparation of a copper-zinc alloy electrolyte solution: evenly dissolving 75g of cuprous
cyanide, 99 of zinc cyanide, 55g of sodium cyanide, 10g of sodium carbonate and 4g of sodium
fluoride in IL of water. The third step is electrochemically depositing the cathode metal of the buried

contact solar cell:  The cathode surface of the solar cell js conta%ed with the al{a%(;ggickei lectrolyte
solution, apribes anbaeeoflPeselhr Wiy asmiane dwith 2 ond T hiGE PFFTHe Nicke! &k olyte

solution. Aorgiwa@einator is placed below the transparent electrolytic tank. After the solar cell is irradiated
by light for mlnult'es, it is measured that the thickness of the nickel layer deposited inside the buried

contact groove® céihensiotarafell impbourine Then tecierhogesslitiee: sreRl s slisetiiafel XBe above
step is contacted 15 with the ahove mentioned cappear:electr lution; And;ihe apedeiefthe solar
cell is confected W 8%%%380%) Pﬁztﬁlec ccc}lp%lggge’le%c%%l)ﬁ%%%ﬁﬁ%%w%%ﬁ]m%tor is plélced below
the transpatghbatastealiticdartks Aftenttfeusolde aellis bfaviated by light for 20 minutes, it is measured

| niAshe'RRres ol dhersglar el is

that the thicknegs of the copper layer deposited jnside the buried ¢
about I5um. 20 T-'h?eﬁ”c% %S%%SYEBWS%%’P{H%@O%?pc%ﬁfté’?t%ﬁ‘%r?ega ove steps is contacted with the

above mentipnssk ceppesinc alloy electrolyte solution, and the anode of the solar cell is connected
with a solid copg_er-zinc alloy in the copper-zinc Ilpngé ctro%e solution..The illuminator is E){Ialced
I . )

below the transpalertadieddlgtiEiantk JArdCHRo I¥s E‘Eﬁ‘ﬁfgé by i or P RS s

measured (gl e Lisligss ohlaroraridns alay IsvRi deplositeddnsisiagiienbilried sotitact
grooves of the solar cell is about 0.01am. At the same time, it js measured that th %}gtoele tric
T

conversionnedfisieriey 6T_€thé'1§l$l%lr MQBQY@SWI%@%%%WMB}%@E is 62 E¥réAf density
s 5 TR IS5 SR B OOACh Sl ooancas o0y e
whole-backiconduetivered that the thickness of the nickel layer deposited inside the buried
contact grooves of the solar cell is about 0.1um.
Then the cathode surface of the solar cell after the above step is contacted

15 with the above mentioned copper electrolyte solution, and the anode of the solar
cell is connected with a solid copper in the copper electrolyte solution. The
illuminator is placed below the transparent electrolytic tank. After the solar cell 1s
irradiated by light for 20 minutes, it is measured that the thickness of the copper
layer deposited inside the buried contact grooves of the solar cell is about 15um.

20 Then the cathode surface of the solar cell after the above steps is contacted
with the above mentioned copper-zinc alloy electrolyte solution, and the anode of
the solar cell is connected with a solid copper-zinc alloy in the copper-zinc alloy
electrolyte solution. The illuminator is placed below the transparent electrolytic
tank. After the solar cell is irradiated by light for 2 minutes, it is measured that the

25 thickness of the copper-zinc alloy layer deposited inside the buried contact
grooves of the solar cell is about 0.01um. At the same time, it is measured that the
photoelectric conversion efficiency of the solar cell is 17.53%, the open circuit
voltage is 620mV, the current density is 35.7mA/cm2, the series resistance is
0.0040Q, the parallel resistance is larger than 100% and the filling factor is

30 79.2%.

3. The Third Embodiment
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electr_ode as follows:  An N-type silicon slice is processed by texturing, N-type diffusing, oxidizing,
opening the contact area for a P-type electrode with a photoresist as a mask, P-type deeply diffusing,
opening the contact area for an N-type electrode with a photoresist as a mask, chemically plating
nickel on the electrode contact areas, and forming a nickel-silicon alloy after firinglthe nickel. The

second step is fitepafireg eltaqirdlytéabuigaoing a saepeeBtsRGr 2nieha erRarsklyfORBHBIE evenly
dlssoIV|ng 50)[2 ocf} nick\%}flps&gate, 8g of sodium chloride, 302 of boric acid and 40g of anhydrous
sodium su TRYE BF Wa r, = Preparation of a copper electrolyte solution: evenly dissolving 2002 of
copper sulfate, A205akpelfiticacisliaed 4amdesfdatipiytenitg tusnNvipeclinfusisiayaredizing,

15P_reparation of a copper-tin electrolyte solygion: evenly dissolving 20 [ Oa of
sodium st RIS 38 OB Gh Efdhi a%gé I%’gPSf %oe(%tﬁpn ﬁygjrlcggi e?%gé&é#%\%\?aﬁﬁ aanT egst%’lrd step

i55‘3'eCtr00l9’ef§)[§@|B’e€§BO$Hiﬂﬁ@'ﬂge,|@9&ﬁﬁ@g0ﬁth esataccellaritfon ahodletbpeketertdodtveidiestrode:
20The conductiv

e electrode surface of the solar cell is cantacted wijth t b ickel electrol
solution, aﬁb%@"‘éﬁé&l@%ﬂﬁé%apéémécég%(nﬁﬁqg&%vﬁﬁcgéa%\%eofz %‘lggf?t gngf():%%v%%er% g(ar%%r%/l;e
whose anageyis Gon gegimgg%m%rgg@ g‘ﬁtaeﬂyigkgltgéeﬁ&)jm,e solution. An illuminator is placed

above the solar cell. The current output of the external power suppiy is controlled to be 1A. After the
solar cell is irraditedasphighttrar 5 iipDesH & areabiedhiIqR thickness of the nickel layer

deposited on the, cafhode surface,and.tha anode-sutiacs; oh e salgr R dnahgut SULtieT andto.08um,
t

respectively. he conductive electrode surface of the solar cell after the above step is

contacted witlftee Sgowé mehtioneticopper 2w wdiertolgishaaddiie SIS eaiA el is

connected g/vulf?a?ecl%tqidg fO\];v gpergxternal power supply whose

Preparation of a copper electrolyte solution: evenly dissolving 200g of
copper sulfate, 120g of sulfuric acid and 4.5ml of brightening agent VF100 in 1L
of water.

15 Preparation of a copper-tin electrolyte solution: evenly dissolving 20g of
cuprous cyanide, 30g of sodium stannate, 20g of sodium cyanide and 10g of
sodium hydroxide in 1L of water.

The third step is electrochemically depositing an electrode of the solar cell
with a whole-back conductive electrode:

20 The conductive electrode surface of the solar cell is contacted with the above
nickel electrolyte solution, and the anode of the solar cell is connected with a
cathode of an external power supply whose anode is connected with a solid nickel
in the nickel electrolyte solution. An illuminator is placed above the solar cell.
The current output of the external power supply is controlled to be 1A. After the

25 solar cell is irradiated by light for 5 minutes, it is measured that the thickness of
the nickel layer deposited on the cathode surface and the anode surface of the
solar cell is about 0.1um and 0.08pm, respectively.

Then the conductive electrode surface of the solar cell after the above step 1s
contacted with the above mentioned copper electrolyte solution, and the anode of

30 the solar cell is connected with a cathode of an external power supply whose

anode is connected with a solid copper in the copper electrolyte solution. The

17



anode is connected with a solid copper in the copper electrolyte solution. The illuminator is placed
above the solar cell. The current output of the external power supply is controlled to be 1.5A. After the
solar cell is irradiated by light for 20 minutes, it is measured that the thickness of the copper layer
deposited on the cathode surface and the anode surface of the solar cell is about 15um and 12um,

respectiveljiumiftaortiepdenctoliver eldutroolkasoefacE lot tvareahpBEmEft the aHeURALRPYGE

d with the.ab iQned -tineel I OlU{PF: : I
connectod WA dARDU T Kbt A S WAL et & SUFRaL s K & bl sopper

connected \WHR externalpower supp A
and a solidhiimingheicappertinuode betralyte thobltinmss Tifetilenivpper idaylec et positedtva sbiar cell.

The current output of the external power, su is cantrolled to be 0.5A. After.the solar,cell js.irradiated
by light for® ﬁiﬁeqén %%%@égﬁ}g&ﬂ%%ﬁgl%&ﬁn%ﬁ tRePLoppertia %/lgr1 &6§S|?e%cgél%%é

cathode sq@gﬁg@%}pﬁ anode surface of the solar cell is about 0.01ttm and 0.008pm, respectively. At

the same time, it is measured that the Is photoelectric conversion efficiency. of the solar cell is 18.02%,
its open circuit vBREBEHS EOORMEL NS 8&&?@?&%%@&{%3&%&8@ , (fﬁel-:r st QMeS1ER 00510,

the paralle|sesistanae is JargeribanHRQast theclilivgastaiis dR&blyte soldieninvadtitreis

especially suitable for the solar cell whose cathode and 20anode located on the different surfaces

respectivelgnodegrfestmsiisriiselEdtheaangrdeshBator HRSQd IR erRi SPIETRc ARVEE SHERIded on
two differeqt,surfa ereo VeIy. T indightarecaiying syitees of the & Cial solar
cell is its cgt&r%gcgee g&%ﬁ%e?%éro ecrzggir%ﬁ%egl%ﬁ%iro%%éa%ﬁﬁg elszjgtrode, tr11e cathode conductive
metal electebeletafihis solatiosll Eloiposetasdmeny iagérebvre dhodbitmglboritietbiiFsblar cell
is located on another surface. When the invention i iedito t o ithythi u its
cathode suPfd %831 sefﬁgrglaélcﬂ%wg é%Rerlé’nl%v ﬂ%ﬁ%@%do? er?%%ur é%‘é'c%lrlﬁé%:?sﬁ g i%il% %2{2? and
does not cgntagidhel dedidytisdutionuieis Bdsynoanalbtiize tonthiduegrodubloroRmer iz
process of electrochemijcal 30reaction, The invention is.also suitable for-the sel Lk athode
and anode ‘A&l dcaked b the §§Fn§ 8e$m%8|¢ e M#ﬁﬁn%ﬁ%eﬁié%%?%%f%ﬁ%% {Jrg/gépgﬁd%%tive

electrode agg/RANROCIRE thePDU08|eetriccpBversibn affidiencymbaiintbeitathndesanetiahatehof a
solar cell may be located on the reverse side of the.main i ht-reiﬁiviniﬁ 2%% .(%f the solar celé. When
tHé inventici?gigtﬁﬁifﬁi@él?o%Hé\é%}%}r@@eﬁfﬁi%e@% KHAtBE striRture tHS flg Mavinghiie EXndde and

anode of ing sielarCell gonjacls ing cleslaliasaliion AT exielahim ek suent: issmaectod:

between the ano % of the solar cell and a solid metal, while an illuminator, is placed above the. solar
cell. When th® Afuhfinatior epattel lRjhresiatansexiertisswarsup B OLARSstBlediidishdAfy Othés
reaction of 7I§c§5})ochemically depositing metal takes place synchronously on the cathode and anode of
the solar cell, hamely, the conductive metal electrodes of the cathode and anode are formed at the
same time. The ratecotiepusitngsnesatonihe satable f7d tisoselaarcl atiRte coBihRuIARDN of

thg luminous Intensity. oL 16 1HTRISr AN IRF.REVELUEAVEFength of the external power supply.

For example, the cathode and anode of most commercial solar cells are

provided on two different surfaces thereof, respectively. The main light-receiving

surface of the commercial solar cell is its cathode surface. For decreasing the
lightproof area of its electrode, the cathode conductive metal electrode of this

25 solar cell is composed of many fingers. The anode of this commercial solar cell 1s
located on another surface. When the invention is applied to the solar cell with

this structure, its cathode surface contacts the electrolyte solution while its anode

surface contacts a solid metal and does not contact the electrolyte solution. It is

easy to realize the continuous production with this process of electrochemical

30 reaction.

The invention is also suitable for the solar cell whose cathode and anode are
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15 The invention is not limited to the above special embodiments, A person skilled in the art may make
various changes and modifications without departing from the spirit and nature or the invention, which
should fall within the protection scope of the claims attached to the invention. 70 MCS1.11) Claims

1. A method for electrochemically depositing a metal electrode of a solar cell, comprising the steps of:
making a dathaoett suttaceahthsustiae cell in contact with an electrolyte solution , the solar cell does

not contact the glectiohte S Sreephor e calbor syace: seesiacanest e solar

cell and a solid (—Etﬂ’?ﬁ,1 i ating ain t-receiving surface of the solar cell by a light source,
wherein metalj@asoiel shereleatrlyteisoltfiniancspbelértiuns dtatsdand thecskiadde KUReslbf the

solar cell so that a metal is formed and deposited on the .cathade surfac I , nwhile,
the solid mBEY ProtRGaLe é’&rﬂ]f%ﬁ%vﬁ{éeaﬁ S ft?heelggllélr }é% 558%%1?@&0 r%]%t%%%r?g gﬁ;g %%Qed and
digsolved ipdfewigst ohdaselHinm is @bplie methedataocdidgrilcidim Mindhefeinubesatitie
surface contacting the electrolyte solution of the solar cell only, comprises a cathgde. . The method
according fO1Elag® having dheta QiR aRO AL g(}ﬁ:éi‘é?eééﬁgltgaglﬁ%iag%th%escﬁgerciwggmprises
both the calfipde,and e ande pothel NepeinRdanasedind toceteirent dvheneidcine electolyte

e

solution includes metal ions, acid radicals, water and additives. 5bThe etho? gcc?{d%to claim 4,
wherein thedleendlgteaiofieridomiptise Satibagy BAL Ml Ryed above the solar cell. When

the illuminator emits light and the external power supply outputs electric energy,
10 the reaction of electrochemically depositing metal takes place synchronously on
| the cathode and anode of the solar cell, namely, the conductive metal electrodes of
the cathode and anode are formed at the same time. The rate of depositing metal
on the cathode and anode can be adjusted by regulation of the luminous intensity

of the illuminator and the power supply strength of the external power supply.
15 The invention is not limited to the above special embodiments. A person
| skilled in the art may make various changes and modifications without departing
from the spirit and nature of the invention, which should fall within the protection

scope of the claims attached to the invention.
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6. The method according to claim 4, wherein the electrolyte solution comprises at least one acid
radical. 7. The method according to claim 4, wherein the electrolyte solution comprises at least one
additive. MCSLLP 8. The method according to claim 1, wherein the main light-receivin face is
the surface contacting the electrolyte solution of the solar cell. 9. The method accor(%qg\jf claim 1,
wherein the main light-receiving surface is the surface of the solar cell which does not contact the
electrolyte solution.  10. The method according to claim 1, wherein the light source for illuminating
includes natural light or light emitted by an illuminatdr! aim§1 The method according to claim 1,
wherein the surface of the solar cell is directly illuminated by light. ~ 12. The method according to
claim 1, wherein the $urfaametitbe fokaelmitr’sdhﬂniﬁméty b:ieﬁgmiﬁagsmgﬂbtah@lhdd:@(ﬁiectrﬁlyte or
other mediums. &Hue method acc im 1, wherein the anode of the solar cell is

connected electsr%lgﬁf Ctﬂgl&ghﬂ]?ﬂe é’% ductive wire.  14. The method according to claim

1 or 13, wherein the seiidimetal izg0odesed@hat laabtdre gt cellLS. iemeHad AGEQrdiAg to
claim 1 or 13, wherein the solid metal has at Jeast one surface contactlng@he electrolyte solution.

16. The methooeéﬁ.%fiaﬂﬁ PO, flAenes asrmpHsing shacdtep st &@@ﬁ@%?ﬁéﬂb@%er
supply betweenet,p@eﬁgqgg@{eﬂ&%%a@gq§% the solid metal.  17. The method according to claim

16, wherein the external power supply is a direct current power supply whose cathode is connected
with the anode of thecsslacetngra ehose afdbe robuneeldiaddmitsahisl soktahetal.

illuminating a main light-receiving surface of the solar cell by a light
source,

wherein metal ions in the electrolyte solution accept electrons formed
on the cathode surface of the solar cell so that a metal is formed and
deposited on the cathode surface of the solar cell, meanwhile, the solid
metal provides electrons to the anode of the solar cell so that the metal ions
are formed and dissolved in the electrolyte solution.

2. The method according to claim 1, wherein the cathode surface
contacting the electrolyte solution of the solar cell only comprises a
cathode.

3. The method according to claim 1, wherein the surface contacting
the electrolyte solution of the solar cell comprises both the cathode and the
anode.

4. The method according to claim 1, wherein the electrolyte solution
includes metal ions, acid radicals, water and additives.

5. The method according to claim 4, wherein the electrolyte solution
comprises at least one metal ion.

6. The method according to claim 4, wherein the electrolyte solution
comprises at least one acid radical.

7. The method according to claim 4, wherein the electrolyte solution

comprises at least one additive.
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18. The method according to claim 17, wherein the output power of the direct current power supply is

not less than zero.

19. The method according to claim 1, wherein the composition of the solid metal

is the same as the composition of the metal deposited on the cathode surface of the sM&iS¢elP
MCSLLP  20. The method according to claim 1, wherein the solar cell is fixed above the electrolyte
solution.  21. The method according to claim 1, wherein the solar cell is moved along a horizontal

direction,

8. The method according to claim 1, wherein the main light-receiving
surface is the surface contacting the electrolyte solution of the solar cell.

9. The method according to claim 1, wherein the main light-receiving
surface is the surface of the solar cell which does not contact the electrolyte
solution.

10. The method according to claim 1, wherein the light source for
illuminating includes natural light or light emitted by an illuminator.

11. The method according to claim 1, wherein the surface of the solar
cell is directly illuminated by light.

12. The method according to claim 1, wherein the surface of the solar
cell is illuminated by light passing through the electrolyte or other mediums.

13. The method according to claim 1, wherein the anode of the solar
cell is connected electrically with the solid metal by a conductive wire.

14. The method according to claim 1 or 13, wherein the solid metal is
composed of at least one metal.

15. The method according to claim 1 or 13, wherein the solid metal
has at least one surface contacting the electrolyte solution.

16. The method according to claim 1, further comprising the step of
connecting an external power supply between the anode of the solar cell
and the solid metal.

17. The method according to claim 16, wherein the external power
supply is a direct current power supply whose cathode is connected with
the anode of the solar cell and whose anode is connected with the solid
metal.

18. The method according to claim 17, wherein the output power of
the direct current power supply is not less than zero.

19. The method according to claim 1, wherein the composition of the
solid metal is the same as the composition of the metal deposited on the

cathode surface of the solar cell.
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MCSLLP

20. The method according to claim 1, wherein the solar cell is fixed

above the electrolyte solution.
21. The method according to claim 1, wherein the solar cell is moved
along a horizontal direction.
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