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Description METHOD FOR ELECTROCHEM CALLY DEPCSI TI NG A
METAL ELECTRODE OF A SOLAR CELL Technical field The

i nvention generally re])easrlpﬂ@met hod for

el ectrochem cal ly depositing 5 netal, and especially

refates to a nethod 1or electrochemcally depositing a
met al el ectrode on a cathode surface of a sol ar cell

MEEHHPUIROR &EhEGEIR @UHEMIGCALDY: DEPONT VG A METAL

col | conpri st LECTRODEDTARORARTEL ", cathote — Ii IHIIIWIN
l

surface of a solar cell i o wth a silver pasteMﬂmm
an anode zurface of the solar cell with an al um Immm
ast e, i mul taneously formng a conductive catho .
'Hcégﬁﬁlfitive anode on the cathode and anode of 9815
the solar cell, respectively, by co-firing at high
erature,. f.age 158
tla %fif}t{P& gpgg{bﬁg@g%‘lggérs %Itxet'hlad élggg'{)kﬁ%mfl%§ B€positing

metaleﬁ& %%ﬁed:ﬁll%ﬂ AR sabth denpoddbl @le@rschanivadiiedépoditing a metal

appl i ed a 15 large-scal e production. However, a
electredeminea paﬁnﬂs&smfadmofrarsglarcn&]hctlve el ectrodes of a
solar cell by screen printing and co-firing limts

the increase of .the photoel ectric conversion
Backgrewad kechnigueo| ar cell. For ensuring a
preferable Chmc contact between the paste for

SR e e T —
solar c%ﬂu&gr:r@ﬁsle n[h? ﬁ@f) %? 'é@l%eﬁ}@{igngf gﬁﬁl(ﬁ% §‘ﬁrf’é€%'of a solar cell

ingers’'s esigned to

_ 'w1th wisfieer pasteedad byt anathy suriface d0Cherisotarnsl] with anaallﬂmlanm paste,

emtter square resistance should be designed to
and snmwétnanegé grﬁxrnyngoa cendupdve ﬁﬁm@) angt ca@éugﬁﬁvwanode on the
fingers educ

cathodﬁearﬁom Sor ihe SR Sril GESRER Y Sl Rl Biggtemperature.
W%g f 'tﬁk?&%ﬁaé@%? ?érrﬁlr?é_aéﬁ%étl% re‘Pé’dt%o&é’sr 6£Atsolar cell is

hese are InN reasons y t he

that, Rhet pricess rllscsmpl\eeraﬁdOdeFélﬁdablencandaﬁs aprowrer ¢émtbe applied to a
commercial solar cell is low 1 Ooviously, one of main
largerseadipradusfticinhanci ng t he photoel ectric conversion

gﬂ}’ﬁél encyﬁlgﬂgﬁcl%rocﬁéé\é\? eftor{njp'gg(forne AR Lletu®let e a solar cell

by 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 and the surface of the solar cell after being co-fired, and
for ensuring the reduction in a series resistance of the solar cell, not only a 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 (generally 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 a
short-circuit current of the solar cell. These are main reasons why the

photoelectric conversion efficiency of a current commercial solar cell is low.
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the emtter square resistance of the solar cell is
increased, if the processes of screen-printing a
paste and co-firing are still adopted, the contact
resi stance of the s solar cell wll be |ncreased and
t hus the photqel ectric conversion effi
lemuslyennevmf m¥ya measeEs. ofraehancpg, t SrRNGH0e Bpé%lverswn

SRR e R
the erﬁft’f‘érag ualree%s%t%ﬁ%@ @F&M‘@%lé’r eeldicinMeaseEd, aif the processes of

ectrode and the solar cell. One of nethods
screerf-@siltinigng paktee axh)dme—ﬁﬂmgl mesillbadbptad ithe a:dnmqtrrgsmtance of the

10 | ect di f .
solar egl] ;@ll?b(j@ir&%pa USIdgagbserglg ﬁc}iqt@p eqtég ccﬁgxk/:egqjon efficiency of the

olar 4 1P B38BT BralBRERREn UG W ater

the eﬁlli‘t‘%elaﬁﬁﬁai@"'?éﬁsiaﬁ'ﬁ:ecéf‘Cﬁu%la‘fecél‘l?tlﬁbr@séét fsote rb&uce the contact
formed wth a | ower square resistance, and the other

resistdriqghbetmesesi aucngdsutlﬁlameml ehecarods ghé the gakareell.
ée3| s{ ancg s t echnol o ca{a desi %{11 enhance ; .
Rorat Bratbads ok tespPane OC heveaneRichee prgﬁlewens adopting a
cr t s
e TR AR THECLOLHIER SEBIRTS, GEARE i rfers 1o
maklriiéfld@ffétéi‘ﬁ eht Wt O eRinecd$ the svler @élanzlth grresistances of

enhanci ng the photoel ectric conversion effici enci/ )
two cbfferérd salums, aeinielyNeberarnal where ithe ccandudtiviel metal electrode is

formeb%cp{ifé%ha E(Pe‘fv% g\égag;]egptsé%gggqfqﬁf ﬁgg |1%ghztcr&cp1\gggr§blrface with a
hlgheg %cgﬁe:e[r'ev?{;% i Euseis Tg%ﬂ@oglceﬂeﬂ%gig rﬂ{éﬁ es! & §6et-circuit

screen printTn har I'gn a
currefielod! ti@sdodat @ell,has awell wht earchoyera spiae resistance between
resistance on theé enitter of the solar cell. Usual ly
conduativomesal steciradgsnand the solameell h@h@é@ﬁﬁmq, e selective diffusion
chem cal | y depositin tive on
procefnalss giFabé BRIA eANrGert Fantdae 30¢ pRpBREcae, finversion

effmgﬁ# 8@'[}% sé%e@e'? prl nting. In a buried cont act sol ar

a conductive netal electrode is formed on the

R bibelak, the sdiffcukets hypbhetitec alblowe- Imheptlsnbdn@racesses of
netal, such as copper. The nethod concret el
screen{‘mllsltl@g)smd‘ co- f&ﬁngrﬁon@ sotar el thedng sglecbe }izﬂ)?ﬁ’é

f
o T RS HETER B s b o o
the a aﬁ?}’tﬁsa Rﬂ?/éxt@ Sﬂe!?stért]de%n 3Me eatitoer BF tRESoRpaR L.
usion Teduci ng the square resistance of the

Uis0allg, ajoeasolos tthe edighheents yrbbéem, atlie cmethodl by chemically
depositing netal to forma conduc ive 2 net al
depO@tl@@t aoen@ICt v netadrelgeirpde on tiecsynfees ofrasolaycgl) is used

instedd OPMHIC 1&th8d of screen printing. In a buried contact solar cell, a

The main

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,
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
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resi stance. The process of chem cally depositing _
copper is an extrenely slow noving chem stry process.
CGenerally, it takes about ten hours to obtain a
conductive netal 5 electrode with a required
t hi ckness. For avoiding the, probl.ens of s{ress an
metal glseirpdeont dihe solar ﬁﬁﬁhogpgédemlﬁﬁhearéépbé}’mgorﬁ %w&r square
rate of chemically depositing a conductive netal
@%ctrode is generally controlled to be slower than 2
THe pPEGessPEf cheHficall Q:le?%‘si‘ﬁ’ﬂ f pplep!i§1 410 ekt nsélyalow-movin
céﬁcpg?eectroeg{/chgm ally%epggting 10 mstally al so 5
chemikay proeeberGpneralbyit takeelapout ben henrs weobidie acforaductive metal

elem%s@:@aar; RS DK b ConPYORENESE PERDICGEY @ifaftress and
sdsorfBh PR R R F TR R T E B oRaRi L Dacposiing

a con88&tivOm¥@s feditadd & gbhérzﬂfy ebAttetied. toSheGeowbLtan 2 microns
are sone organi c substances 'which are difficult to be

perhaﬁﬁsposed in the discharged 15 waste liquid, the use of

t he process of chem cally. deposit] tal i "

The m@&)@@uzﬂ Sormeg the skt ellaslectiode Rischamigally depositing
that, the [ c ] |y, .d L j :

meral, i, HASABBUY SRt Rin” SAERGRLL B SPREH % BF o dofuion for

chemRally- 88ps¥iBhboReflGYIshoeaGeierally ce sBlutRd eaih omly be used for
nor mal ‘producti on. Mreover, the process condition of

severalhleaﬁclhas.l lS)éo dehers ithT, mgethodnet ehemically depositing medal is used on a

sternly., For exa e,,the tenmperature of ,t he sol utj

large-Fele BIGIMCCIA v BELAIEE 0 VoD HPE BTk b ince there

are soéé%io‘}gh}iic Eﬁﬁsﬁﬁggﬁ W}ﬂch r%le c;‘gtgéﬁgitbi b dpdsRBPEY the discharged
f~'Separ at 1 on, en chemcalTy depositi an copper,

wastebﬁgﬁicﬁithe WeBY ithe procedsi of thtimitaldy eepegitingthethbincreases the
keepi ng the stabi Ilti of the solution density, it is
produation casquifrtbed sobarceslst ant |y add a conpl enent | qui d.

Uisie Ain dfeiydig Selutiort 17 TRk oBEneRE R df ghite unsteady
and tHe &tﬂeqlo%%liloﬁ Hetél?a&‘f'%@?ﬁrﬁféﬁ ooelfY Bhi% RRGCH QRay affect a
e Wl re e b

uce era deposi‘ting Copper. _
norm¥bedattioAPMoepeve ithaspadcasbesondition dépdsérmicajly depositing
copper are inplenented at a tenperature higher tBan )
metal most berguntaelled staraly. Saingxamply, ghe tempsratoeof the solution for

S d deal .
chem ST 4815585, 508 e L8RPl S PO rducing e
possifggﬁtgbérfégo%}hc??%cg?-sleﬁﬂ&tidrﬂQvﬁ@??%‘ﬁ‘errﬁf:aﬂ?%e‘f%%[t%g copper, both air
bubbling and filtration are required. For keeping the stability of the solution

resist

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
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.

Such a process needs a great deal of energy supply, which further increases the
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t he production is considerable. The above problemis
sol ved by a plating process, instead of the process of
chem cally depositing nmetal. Conpared with the process
of chemically depositing 5 netal, the advantage of

cos. SRR OGS e o SREBE.BL SRRSE med during
the prbaﬁcﬁbﬂt?f ?Hflgi@%ré{ﬂief:h a conductive electrode of the
SO I'S

ar ce orned is shortened to within one hour

Thoababeprobiiin ibyolsedsna yslatiag tgrecesndasteadf of the process of
chem cal I'y depositing netal. Generally, if the

chemigiably depqsiting 38etad. Gaomazed wiib the preeessodf elhemienjly depositing

et S S b5 s s D o St ST B et
t t- 1 L . .

fast. Whé[{]?h@g)?aﬁéﬁ ok é:glff‘ )}é glgir?gi;t@&,?ﬁ?e tigd Qﬁ{fllsﬂé Rgft?ﬁ:hl a conductive

process i ti ng netal

- electrbde of tharsgbir @iersaforared angorestd o wadipe onel hour from about ten

sui table for industrial production because the process
hoursowhes| esingodigeprecassyoleperiicaliy depositing setab E}eneﬁ%lib’, if the

plainigefiedS 5 RuSPisEh T FEht ot FERTBI R v Bepppge of the
solar 88 cahScHHPIAsa AW RA Rt bdnRitiedt room

tenperat ure. Tﬁl s 1s advantageous for the production

Aaother! advamdage ofithe 288 dffthegriatinggadedss msteadoifthe process of
The conposition of the electrolyte solution used in

chemiqadlyp|daposiing owesal iis Hako I d1as & Apiger eperafion range and is

el.ectrol.yte soluti al e edl us
especPUf  RUTe ol LORABARAL AbeR gl BRRSRE ke ibeess of
O . | el. . .
clecufk 810y oA HegPLl TR Bl G p8034s of chemicall
depositingemeted. Fonderample, the aetuadgmaft foreesyperaturel is not strict and

. deposited electrqchemcally is in mcro-crystal state.
this praeessf @arbbet%érlégrfwcaﬁ RAOTREERPEERIES ¢ ﬁb@ bﬁea@g'@téaeous for the

L ect hem . bet Vi . "
prodi L FAGEE SR Lo PIBIFR R co SRABEN 1} Yot Tng gomposition
of th€@ledtfslyee sbiiftichP u's@ésmotfh_eclb'lraﬁﬁgt ?M&GSJ%%IM vebe simple, so the

solar céll on the conductive netal electrode, thereby

electiiodptecsdlng onrgenenall p ehs dier repeatedly usied foe faf lonigeman. of

the solar cell. The platin ocess i s, hi Y. sui t.abl e

Frtheragse. e cw&w&w sheatedde, oF the solat sfprlyeé?by a general

Siyt. ] met at i e LS .

chem5RE°LDBRTE, ot G, ThSSHEORECRRuko WLt conductive
electid®® 6f aBé iyt ecHodepositedeitdircheatiaHiyt isoin ehidrbergal state.

solution has a little influence on the plating
Therglove et candudtiree m@a@@mmtrodmdepesn@blefadtmh@nmaﬁa has better
cond&%@éi?ﬁsﬁeq‘?(l)r?harq/cber. “As rzlp%stu?tr,]tth%’plgpe% g{e%gfjgfelc?rnoc{:eocszgn %duce the
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

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
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conductive netal electrode of the solar cell formed by
the plating process is very |ow, and the processing
of the waste liquid in the plating process is also

SI npl er than that in the process of chemcally

cons GRS SR AT e i s

low, a%l ar (ﬁregglﬁﬁrsmf thd Q@absllté‘% Sl&‘iflLtgle gpngbte% é§ Rfso simpler

than tﬁbtaﬂnl the pgrioxesy ef ahdrrﬁd:rﬁllys depositielg me&{id the evenness
of the 'netal plated on the solar cel|. The

Howesenshereoisestilpicartany diifioulieln Bra&ﬁlqaﬂﬁyoamamng thsptraditional
o s PGSR B bl proem i
the c&ﬂﬁ{:tabéﬁq%ér? atsﬁltaftl'rﬁé hREuRPARE the Qobs BEAL ﬁﬂd'tﬁeaevenness of the

or in a certain range;, anot
metal fplaedd omtied sdsliae c{ellaﬂiha:gatfovd-mwtlcmddOpkaOmeguﬁKture he an important

current of an exterpal power su to th ect
tool diwing & ér@dlmfhn&l]aﬁlatlng]@neé%ﬁl@@ aﬁfr@y@if tbﬁeﬁsrm&%eogfths platmg

rartShuf b AR eI, RS PR i i
positlph’ﬁﬂnea %@ﬁah{‘ Bangd! difiReP Furkdifors 8 dhe Phling 9{'1)&’(@?6’ is to conduct

ar ge, finafl’'y results in poor evenness of the
the culrberited fodn Bk&lmdl powehaupphyf actheodbjebets beglateel. | .

hwgﬁ%g&g hgs_ésgs%gaqtag Sqf'f"% SS%?F et gra éngrggﬁﬁlo*sf g;%@/ large before
e on B 7 U, AR, LR A I and

surfaé@BPﬂi’e §6’1rar rc%ﬂoﬂsV\!'eﬁQ laf€e, abRicer ARANY 2BSEtPP b@fﬂevenness of the
caused by the nmechanical” and el ectrical contact of

metalt ﬁl@téd)loﬂrtheedtmfm&d of hhe sodar ogl.f Mdreower, ssmmuthe semi-conductor
rcelllna el ectr ol nd t

i,mrersing .the so
matera@lpﬁg fqrm;;ng T At SOl it A F ggflgotten occurs

s\ P FER

Ggﬁgﬂgt tﬁéen{@héﬁ ﬂireféfsbwlﬁ]g' thef MR ndehtidieed probRee caused by

solar cell by way of the electric ener
the mhan&tadédnd)elehtelcmd)lcantammf thafspéar ¢ed] agdithe pgatm gikture is that,

1mmelf«rgg{g2!dqsezg t@g%ggtrﬂ[gﬁ‘gét %graclbluf | gatrgwg}erla éﬁ&sﬁ p%raqecgga)é?tlve metal
clectS4BPR 18 515, AL S5 S el epBLEr b Sh sl el

subjelcted 46 8RuAiRatioA! Beske Ney ebhtiatess métal eleeirbde isiioahed on the
actualizes the deposition of netal on the surface of

surfaee odl the sodat cell msweg/ pﬁéh@|eé¢,<ttrmcermgygergeéa@dabjédh@;solar cell
t he so ar cel l

afier fhejag Al mmam doiyminal GHIERDaLRRHAE (PRl afe not needed
to co&@ﬁﬁf gil/ig 81é1 tga e&?&ﬁaﬁ_ﬁbwt ‘ffrtostl%pédffé&o’tﬂ 8¢ plated of

tion e ano
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
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
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5 the direct current power supply is connected to a
nmetal |ocated in an electrolyte solution, and the
cat hode of the direct current power supply is
connected to the anode netal of the solar cel

| ocated in the elecirolyte sol] u

. . Ol h
the difs FTSRINPRUAT SHERIG 1§ KARDERER 4 mSHal 1S alkth da 2 clectrolyte
: | i : i i
solutii ad® B GhoaL'a ROIreA, SuBRE I A1 orfected to the

anodeS #edtal of ciene6ldrogellisledafedr inleghes etdcn@iyet ablutton.m@dy such a
netal to be deposited on the cathode and the anode of

~ connectionsedmensetd that theemeiakoni the anpde ol thaupelkari eelhavill not be

unpecgessary | ncrease, of t r L cost.  Thi
damagi] Rt dictah B Aepogi<hab e sanoar ManErplas gy n fact, such a
ni, | : d I
comdb"iiel 0P J0fsitle SEARASShAEe il 15 B0/ pARI on the
cathod®emsblias mrlde afidht helat eellr bt thot @mhé aimef whigh results in an
external power supply, this is, the electric
unneqgssasitingrease alideqrodvgton idshice of the solar cel |

5RoRSRugH AR APl Mg ShTRE! S0 ' BB il om e

cathogg %B}‘%@e#}ﬂh@%lﬁpbﬂz 1§ &l durfdhdifs SRUE @%ctﬂ@\fgy’temial %enerated

erefore, e evenness of the netal pl at e
by th@soldrectluafidciee efedtiie proértialcef theleptennal poweosupplyy this is, the
t he evenness of the iIILtlm' nati on o the1 surfage of
electrigpotaitial arethe cathods surfagr obvhaselar ¢esll depends oy net only the

cteco LR LG WP LA FRE R0, Y HE BB 0Bkl applied
to thes MR8l wtfg%%?ﬁeﬁwwﬁx@ flggmhe%fioff@,rﬂmeeé@%@g@ of the metal

pot ent 1 al e cathode s e of the solar cell.
plated onf et suifiace sofv ey sdldrf ¢adliidependaairuabot zmlyubie evenrass of the

illumfatEm o0 b SHIRAC! The SAlasAS bt aRedbEcrertngss ofi the clectric
rior _art, O 0ohj [ ' i '

porerBle A5pBEl 1S BRREFLL B MBSl PETIA0R: (. PR lple, only

very &E@%r{th@tﬂopﬁ whBleabudtcd B8n Hehi@eeaokel (iferim @édtric potential

ich utilizes the characteristic that the solar 25

on theeathodd surdecepdtlke aolaslcetl dh fapitivis verly diffienlt to actualize such

accepting illumnation. Further, another object of the
an evepeOMtaginn; wdustl REoguCcHOBr ocess of

el ectrochem cal |y depositing netal which can ensure
hat a net { .11 only be deposited on the cathode

SHHWO?F l}%\igﬁ%ﬁoﬁa | . 6 Furthernore, yet another

obj ect of the invention is to provide a process of

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
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.
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el ectrochem cal ly depositing netal on the cathode
surface of the solar cell in which the rate of
depositing netal can be effectively controlled. The
| ast object of the invention is to provide a process
of electrochemcally 5 depositing netal on the
Fouthesarore meédaélo@helt pbje| o theinveniiem is Jogprovade @ process of

ctect bl BepBeTis PHO Y e e BETYELS AR O ol i

which ®e I%Ite,e‘éf ﬁ%pb@ﬂ@fggﬁ%ﬁ%b R tRe gybehu%ln%at. rode of

a sol ar cel conprising the steps of: 10
Thekilawy dbjectsaof tlhe énwdntide is 0d gprovedd atprocass af cezhecttn@kehemically
contact with an electrolyte solutiopn, (ﬂweh

deposifiaglenetel tare thecatheds surfage piste golareg

the main |ight-receiving surface of the
large-%:flgrprgg {1%9 a light source, 15 wherein netal ions

F& Aé}ﬁeeirﬁgcmeohué@e SN bR aBFaRS, tHReinfkAtbhoMovides a method
f or med the cat hode surface of the solar cell so

for elEbechemtalllyléeﬁasnmg amietid pelectredeoaf tehsolaracelbdehe method
surface of the solar cell, nmeanwhile, the solid netal
comppsHg tHiesstepe@irons to the anode of the soI ar cell so

h t 0 e I,S
lBing Ui TEOhed 208 RESaO TP A SRR et with an
electrggqg JoPhtiéeNt act the el ectrol yte soI ut i on except for
t's surface havi ng the cat hode. Preferably, the

annfm:mgwnaaode nj thbsobrexsll ahg pesadidl utetaln of t he
olar cell . onl rises.the cathode. . Preferabl .
N BaDNg. e RAIR 1 Sy 1008 UNgc SRTRGE o ape SN selk hy a light
sourc§°| ar cell 25 may conprise the cathode and the anode
t the sane tinme. Preferably, the electrolyte solution

whetdiflasetitiohsiignbe ededtdolyadisohltion watpt thanelectrons formed on
additives. Preferably, the electrolyte solution

the cathape issefacatof] thestolaneelisoahat emetapis fermed Wldtdt@OSlted on the

cathofs gueiace’ OB iersalpt by SeAaAds ot %M S5 Bfovides electrons to
the arﬁgg&o ﬁﬁé ts%tlalJ €A% 5o Gt ‘i‘ﬂg ihbi4g- 1&)%5 Brét frﬁQHyancf Hfssolved in the

recerving surface i s the sur aceé cont act
electrofigte solution.

an
1s suitable for a

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

Pfeferably, 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
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.

Preferably, the electrolyte solution comprises at least one additive.
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el ectrol yte solution, or the surface of the solar cell
whi ch does not contact the electrolyte solution,.
Preferably, within the step of illum nating, the |ight
source for illumnpnating is 5 the natural light or the
light emtted hy an illuninator. Preferably, wthin :
Ptrﬁgergbbb e malun?M1rﬁa§lvm& Sisfacscds ghey arfags gontacting the
. o Ll umi.nat I . Vo ar by Lig

ctets 8L, b BRI bR, Dy lichYgld bt comact he

electr&@@é@bﬁﬁldﬁ,.the anode of the solar cell is connected
el"ectrically with the solid 10 netal by a conductive =
PreferabBr, efghabthe stepeofSiblundinating), the lightsosece tdr diiminating is

e e R
SRRy R SRSt LT A0 S SR ¥ S cel i

illumibatede ey LBkt dnedelyobr Hielight passigll thrbdghhtheselectholyte or other
~metal. Preferably, the external power supply is a
mediwhs.ect current power supply whose cathode is

5aret1 tndiahelet SR Eef el L) ihrbeF ClostBRaltlFfi the sotia

t . of the direct current power supply is
metalr@?a?&gg@%tﬁggﬁgﬁ zero. Preferably, the conposition of

Fr*efeﬁatb(lljjf,dhﬁ_%bzhild imetalhie composal bhes tespositmeral cefalldye
net al deposited on the surface of the cathode of the
Rusifenrabdy| bt leasst enabturfaceh@fstieasolid) metal contastatheyelectrolyte
I .the electrolyte solution. Preferably, the solar cell

solutipg. pyed al ong the horizontal direction. 25 During the

We?@&%?%g{heeﬁn%?ﬁ{ﬂ%‘?me? %dlﬁgﬁ%&%ﬁié 5 SiBtF'gglrnggfztiifﬁgean external

i nvent al ions can o e dep

powet stipplebefvddretirodirsdeof the solat batl and fhrecdnledmudtal. he
reduced cell efficiency caused by a short-circuit due

Rreferably.dbgositernal pewaesapplnistd dirgabaerreat powessupply whose
catoB e Sl SR D¢ e LR s 19, MR anode s
conn RSP S, Copst 1L o of el e ol ded

Preferabdy, theveutpuppbwersofitite direct current power supply is not less
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.

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

deposition of metal are avoided.
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needed to protect netal on the other surface of the
sol ar cell since the other surface of the solar cell
does not contact the el ectrolyte solution. Therefore,
the electric potential on the surface of the solar

S5V RS ST Ry SFIREE BRI e ool s no
needeggﬁ)gg)k{)’{égﬂlgg{hq A?]ﬁ RO U FaEe Ur e S%deagel;} ‘ﬁieihcé aRe other

other I nportant advantage o
surfadenyfthié eoldrscdlhaoes sigtceomace enebssralfyte sbhition. Therefore, the
illTumnation intensity is ensured, the electric
electrisopetenitial avéhe shsfagporfethay polae celbrhanges drm zesp) apd can be

coneid SRR S B T G B PRI on e
{ [ ' ' t hat,
cathodbuftel BEILF YR QBB bk SOnIRE aved. This
Adyther dgeporsaes pdeartapy ofstfeuinvantidmisrithat, sised an evenness of

. cel]l having a6 selective diffusiaon structure.
the 1llpopinabiani @%@nsgﬁy {hensired; g e Q;:tppgpot@npglu qver themyhale surface

of ey EhURLLOR UL G 5 AR 6y EEALIARRR over e
Whol%%%ghg%u}p&er@f@ﬁdsagr c&llectrocheni cal ly depositing

the invention. Detailed Specification of o
FEobhasbthen taslvaheageoof thet éneeritontt ne that, wnl ¢ffeet okselftadgning can

bel ow with reference to th 20 drawing. Fig. 1.is .
be achivedatlings @d@@n&gecms}nqegﬁbw%ﬁllg&&gr@@éﬁi solpr céll having a
reagtion on_th cat hode surface of a solar cell to
Selec“‘éi)géﬁf%mﬁ&%fuﬁvr%si ng the nethod of
el ectrochem cally depositing netal of the invention.
j [ evi ces used in the nmethod of
Q?Qﬁ*?%@%*e'?n"gat Fi/dratzvgﬁl(épositi ng netal of the
invention are mainly conprise an electrolytic tank 10,

Bip. lelegsehémiaticselew bfRaRging oudladr eleetrocBémical reaction on the
conductive netal wire 40, a netal block_ 50 and an

cathodel suifaae oof60. selaraicallf tocdepesivf metel diecisingythe method of

tapnk 10 is containing the.electrolyte solution 20. In
electrocherysallyudepostting ngtﬁf]?fg}ﬁl-nrvé’@é%@i'ng surface of the

solar cell 30 9 is its cathode surface, another

uncti of .t-he..el e ' 10 of the invention
b§%@?§ﬁrﬁcﬁ cgﬂghl %ﬁ?ﬁ%{?ﬁhﬁ?éﬁ y the illum nator 60

to pass through and irradiate

The concrete embodiments will be described below with reference to the

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.l, the devices used in the method of electrochemically
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
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" on thef‘ﬂfa"ﬁ'i Hgﬂ

| sulfateradica

on the main |light-receiving surface of the solar cell
30. Thus, the electrolytic tank 10 of the invention
may be nade of a transparent and corrosion-resisting
material, 5 such as quartz, glass, a transparent

[ terial : '
i its qatade sudiaRo: Qo fHBRtioR afiBecdraoBaiq tambeld g the ivention
. conpri se. i: . N [ 4 - i Vi . :
s perGRL 5%, e SPHARA T PRy DAy AR S5 ShA d iz
tlreﬁéﬁﬁﬁ%tsm’ﬁﬂcﬁ’oﬂt%% dd1hreEN B0 ITIaRY Whe electrolytic tank
ocat ed above the solar cell, so that the [ight

10 of ¢ trtvenition triay bé madenaf atranspaténtsytd goirppinm-easéstimg material,

to upper surface of the solar cell. The electrolyte
such asqIuAriZr81285, i TEREDFPBCOTEAT ¢ BAIERI ang GOt he

i nyent .| [ . md - of ' '

T ECisE s S RRSE I o fhng Sirace BE@REIAGLA does not

compfSé i&OcModee %@hﬂ%l?ﬁ its dighttfeeeningr aaface ardtcathode tsheface are
deposi ted netal, e electrolyte solution 20 nmay

~ two sudapes of thmbglaswellmsspectivelyotheriwmingosshpyld by located above

According to different.reqguirenents for the depasit. .
the sofas g¢ll, shehatdhedighi RNt Pyt ﬁ%ﬁ%%orcs%gﬂ‘%&ﬁ&ﬁ?%dm the
0 i ' nore, such as sulfate radical and
uppernsrl{?fa. e&;g-%?%dg?{ ng'r reduci ng the stress of the
Tepasetedlyretalutdod 20Hantiaglédieoltiat tamks 16f of tthe invention 1s
deposited netal, an appropriate additive may be add%d i
compbsed meaigly of oeial dong @ndAdii redicads.aschr 8 agPPer sulphate, nickel

* chlore LEEERh o) 5hd LS R NS A BIBE 1 posted metl,

' | I i: i i he
e SREFDIENY L5 AP RIS Sy pRlBoldatn, e
Sintladys Adwreime teo diffeeerstotequioemantsafiot thee deposieed metal, the
surface does not contact the electrolyte sqlution 20.
electrbytosoluiors 2% may tgomprisedemlyr PaE #¢idd lpgln,ort mere, such as
surf.aces of .nore than,90% conmmercial solar cells are
ﬁﬁ’é’giemﬁmegﬁ@]&@,l' respectively. Therefore, the

PEf ?é’&gﬁﬁgﬂr}:@t %tfé’s%néf ﬁ’gs H%@ﬁ@@& inddthy apndantReci®s the flatness of

deposi on t nmerci al solar cell. en
the deposited hotall dmeapprepriatomdditive enaobet addetbinethe electrolyte
comercial solar cell, an e>iternal power, supplé iﬁ not
solutiesr e sageardmgpr 6t ebiticrnta@laeiralytenselytionso@adothe herocess of

since the % ode is |ocated on the reverse

sol.ar .cell,
elect@c@gmlgpily'@p@g{%gieat does not contact the
BIRC imnPloYiatit SRCHA Q- feAfiréSof hR¥Nnventiof. islthdthenly the surface

conductive wre 4%) I's electrically connected between
having the cathode of the solar cell 30 contacts the electrolyte solution 20 and the
other surface does not contact the electrolyte solution 20.

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
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
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the solid netal 50 and the solar cell 30. Cenerally,
the main conposition of the solid netal 50 is the

same as the conposition of the nmetal to be deposited
on the cathode surface of the solar cell 30. 5 The

soljd netal net al t h.
Ao pevm irbﬁlgg ﬁ“ecandmlw W@%“ﬁl&o@z%ﬁe?rg%ibé CORRRCigAPetween

the sqit Phstah 3B, AR ke FELh 670 A © i S* s Fhaf{ Ypmpogition of the

solid ﬁﬁ@@'l 5018 Qﬁé siirfehad fife BbRFPIHivh f thelmeiaino2be ddhesited on the
he cat hode surface of the solar cell 30 is the nmain

' cathodia: ghtfaceodithe sglawellad®, the position of the solid

e Relidrmeiae tigrashBe i TG it Bra Sna oRapeSiiogs oF e an alloy
comphiied 31 ?s?‘%‘%re fHdn, e, lstall, FPHEGRIRL HERL *I6 (AT Blaced at any

p051t18hQBtth@¢¢e@tﬁoFy|ﬁﬁ: @akhpolevisile ivless 9fgdodecmetaat wieh thdglectrolyte
he nethod of 'the invention. is D fferent fromthe

solutmnaauOtu Siben pthe i caghpdecserface hef ethsctsodaheeglbaB0 is the main

: t f. th t I
e v e B o O S8 B 5 bSGY ASpence the

t e r Ik ol
radiGALSH RENERPLRASST B ReMIHIRRS) ) 68 he Atade of e solar
cell 36l ectrolytic tank 10. The position of the ill um nat or

60 depends on the structure of the solar cell

In
E@l sho v gecaimpleiet IRacHANhPERCESS Q h@legmoshesépallzcﬂ@poosmng a
metal] feciiage padisscatide, Sarage ' G fie sofar S8 b dhEdfifthod of the

1nven'tir radi at ed by the light emtted by the i um nator 60
paSSI ng through the transparent electrolytic tank 10
- Piffetdin febectheolrydieionall platdng Pocdsss theaelenttdchiesnieal reaction of
devi ce convertlng a light energy to an_electric

the insieatipy. dogts eet nes elrstys|energgproyled; fram sreamsl, e realized

t |4 d h
using Pl SRS RRL AT Mol BTEEALSS O
;} 13%' 0 hﬁhh&%ﬂdﬂﬁ;é?&@dtea%élwﬁ@hé Q:lé@drsg&fb tank 10. The
ns a ter gener at | ng t he negat lve pOt ent i al

positidei af th® iiduiinatoe 60etiepends pheheaitmtctare ad thie sokar ctgll 30. In the

t he negative potenti al toward th t hod
case whane shewathoda efthe Spkﬁfrﬁe‘ﬁl éﬁ\ggdﬁﬂp@ﬁ?@ ?glg?regﬁbwgg surface, the

eSS SRS D5 BBL DR, GOLL PR sy o it
emitt%En ﬂﬁ@ﬂl?xﬁlullatog(bo égsstlﬁg tﬁ?‘?‘fﬁﬂ tHER trausfrent réﬁfectrolytlc tank 10

|on a positi pot en of the anode of thé
and thé electrolyte solution 20.

A solar cell is a device converting a light energy to an electric energy. After
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
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"
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solar cell 30, the solid netal 50 in the electrolyte
solution 20 constantly | osses electrons through the
conductive wire 40 to formnetal ions to be dissolved
in the electrolyte solution 20, so that the density

of the netal_ions in the electrolyte soluti 20 is
solar relpt3Gb st selid metaladd n dhecelestphiigcsplagon, dgonsiantly losses

[ 0GESS. (i 5 i.zed - wi I . .
ctecrGEfS ek e TR BRI R FELAUBE RPEssolved in the
electr()@ﬁlé“ JoStien 2! 85 Ndat RAVEdersiBP oY thehetab®y@s h ogeselectrolyte

of el ectrochem cally depositing netal of the invention

solutidned0 nist kepeechbmmignexAér eat, powelecttgmbieynicalitreaatipneprocess . is

. out the whole el ectrochem CSI, reaction by way of the
realized @dthow gbextarnal PewisE SHPBY- by t he sol ar cel |

30
hsel f t ' ' j . '
DiEsbe Bt hafbRirobert URE SRy b R FRNG supply. the
above BRo&RNefe1ftrédiefifiadly @epbsidihg h¥tal GTaftRCigvdritidt does not
has very inportant sensé in industrial production of

need tamy extémal cpower| supply, bl toastibe ndwtalthe esdralenelestrochemical

*reaciGhi Sooabt B e oBOLCke SR ST Btel ater

o oU i d : e I ls i
veiney QUEALEREEC 9037, HE°aHTS FPErL B8] HerfElpns M ean only be
deposiRel R ies cathd dehofl R /ikrF tell Gonver sion ef ficiency of
the solar cell. And in the nmethod of the inventiaon,
Bhisnchdractesisimobies siary sicepoaet porsedin iindugiriakpyoduptien of the
fo h tal tp be deposited.on the,angode. of the
solar gfla 1T dBpI SFeEReRaCaln BHG totn APy S UEp ) b Fpmal power
e el e [
supplyeRER AR ShF e SlarbiAte i Sey e BB fnporected on
the soffat&e ofesvlensedl, cehiclefrésudiemeya shustedirbyitt & the solar cell and
short-circuit of the anode is sol ved a% root. At the .
decregsere the mhoteplestria eunearsival efiscicasyi el dbaesalpr fehbaﬁﬂd in the

meth GRS myEhERLERen Shthd AFGAL KBRS AhpB8RA s tossivle or

the nft&Cld BE Qfé)?o%?ﬂe'dyogEHQ%intoid@%fTﬁfeaéol%f dellesinB¥aRki fidde can only
needs no external power supply, there is no

accepﬂf elet:'f]rbﬁs qatli@cthaturelegse kteatent aftehahiestolyr weticisssubjected to

) of _the invention, so that the possibili .damagi n

illuminasioso | Bhereéore, $he psoblenapd ith@dgcrqasﬁdwéf/efg{%%%cx Raustd by the

' f the hod f f th | i
snorgfFu P SopltaBLBRERBNT 250, % LCr s

{Aﬁsfﬁé shﬂl(?a'?irﬁee‘é?ﬂ&esas sBlart Bell shiestisi geRSiadRt labloup200um in
e cathode surface of the solar cell, 'n turn an
thickteey ennedscally Slysibel wensdctdeplbdstdstly causthecrackf dowl since the

of the solar cell. And in.the el ectrochem cal reaction
process afhelectipehemipallydannsiing mefal (1| thii 1nYeribien needs no external

powérnstu%rfﬁly,t he?8 iM% éétf’i%ec@l{tawﬁuring the electrochemistry process of

the invention, so that the possibility of damaging the solar cell slice is 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
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
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12 splar cell is even, the electric potenti al
generated by the solar cell is even over its whole
surface, nanely, the netal is evenly deposited on its
surface. On the other hand, in the el ectrochem cal
reacti on process of the jnvention,

¢ the surface havin .
solar qalbicavemndhedtleetic porartial @anegaieday she selas| ek %Soq“gﬁtIgOVef its

soldytion 5,and the ot.her surf t he el |
wholegettces Rapifohe MRuREvePly URESs B RO udbodia,

Gh B ofIRGEESA Yint helUSlecABcR&PEAatecaBAVR PproeBR ¥f ti&e invention,

protect nmetal on the other surface of the solar cell.

the sufface hagnigt thet batheldecof ithe solamceldl comacthethsueleatrelyde solution

t he _sol ar _cel | y chang romzero, the ratfe of the .
 and the| @iber sBRERRC thesseler @ﬁﬁd#e& Pa" eabiaGHENS Glacialyts Solution, so

-the spol ar I b C I ; r
hat i3 SE b S S S GESPONGD 4Bty YDA Al on the
other SHERSEGFaAnRIdolaF CEM. BY ¥ ResilnGtHehElectrid potdiaidingh the surface of
Intensity. The netal produced by the nethod of the

the solmveell imay i changey frove meyo ddositeeaf than etassrashienvgal reaction on
lar, cell . The

the caihode ristiss Bh P8 OErmaILIBAD By PROSE AoNTallad, Fad the rate of

el SEI A PERBREH BT held 5. b AR B ARt iing e

€ pot. over
illumi‘f’{ﬁﬁhg iptefstge of the solar cell is very even on the
condrtion of the even illumnating intensity, and wl| )
T mimsal pradugsdcby thy medogoef the mvarions Haperyapdeniyedeposited

on th Bl R0 P o T T e ShES Setric potntial
t L _ . :
conerfhiehy e Y5-I ORIPrUEBRSEL Son A ncensie

accepRidPBYahaGoldeceld! The poiténtidlayvdiothe whbke bunfaceof fthsisotar cell is
strutture. For reduci ng the reflective rate of the
£

very svtmron ¢k¢ |qorulitiant pf ¢he exstany élleminating ingensdtyapnchavill not be
ive rate is

influchgesirity 416 SR GaRal FaarSAIACHoRicensl U SpotE feGhplock. An

even %pztdéflgc %h%l%?.blfl #%/naglglﬁeﬁsel@ct’fﬁéﬁe ‘I’&#In%saktﬁ%gpfﬁé,e?ﬁ turn an

rocnem ca positing netal o

even hetgindépusiaod layenents the el ectrons generated by the
cat hode of the solar cell fromcontacting the neta]
i Bine nagthoHeofethecinvenyioa is sspecigily werful fer prediigipg dhe solar cell

. generated by.the surface having.a |ow;sq e..:
havinfcd SeRkhve dighita? Rhathie, FordteBeir R it ftbueorags of the solar
I gLt t HYa]l
el 45, g RGeS o NESOPLat B0} bperly lted on
the stiifate itmvang el digh oahene aebistanet bbrthecslas cell3@ tndntreflective
conductive netal electrode is_forned on j tT syrface.
film acts as a mask during the process of electrochemically Heposmng metal of
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,
and a conductive metal electrode is formed on its surface.

The process of electrochemically depositing metal of the invention may be

13
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The process of electrochem cally depositing netal of
the invention nmay be 13 carried out intermttently or
continuously. During a process of intermttently

el ectrochem cal ly depositing netal, the solar cell 30

. of the invention is fixed above the electrolyte
carrlegmﬁtm@ﬁmz@emlym GUIYQUSA¥e havi ng the cat hode

SOLEE A5 Gy S R RERc S .
solar bl W30 Mt e Bfvention Tefiged shsve thé Réectedlged solutien 20 with its

solution 20 receive electrons fromthe cathode surface
surfacef haviegsthieacathedt contaeting theektctialytosokidicand0. When the solar

cll PO RS SRHUSISD BT Bk be LA Bkt foms in
I.§.1E tal...: [ 3 ' j
tec SRR LR 0L AR L P ST el

then alfhef@Misforinkd &l dépesitdd 8A thayatitode suifher obthasolar cell.
noveabl e carriage. For exanple, the solar cell 30 may
Duripigagepraness afr saptivponslyl etestiaahemicellyudepesiting metal, the

e S B ST ELAN e ELLE) L8 B0L B o
movi@ fixé {séla@ %lf §6th ’betehf"o%é’ll 8f a%ﬁb’ve%ﬂei c?arﬁﬁé@.dFék @Rdmple, the
ceffaln directioh on this group of rollers to

solar t€RI3Emayhiee plagisen @f% ofrallskywithdts suréhesrhawirigya cathode
15 depositing netal. The follow n,%]s are .sever al
contadang; thede keetiodyieepokition 39; hglowiat.mAshids @ropgeof rollers rotates

invention.,.1. The First E l\nent The filr st - 1 S: .
toward,g, CeRt{n ﬁ’@re&t%&F ' i581ﬁ{| Eﬁ%ﬂgsgr‘%‘@ﬂ’egsﬁl%é|ao§éﬁg‘é’oa‘/ie“‘°n on
: - S Gon Sl ' r d i< Rg, ;
this G IIINGINP B! SHEr BERSSSCo bk PHAMAAIS cloochenclly
depoditihpmataAn N-type surf?ce, screen-printing an al um num
aste on an P-type surface, screen-printing.a sjlver
hetfollenvings axeisgyperal setaded eaRPIImSIHE afoisiagdhg method of the
. %olar cell whose photoel ectric conversion efficiency
INVERUON. ppasured as 16.57% and the open circuit vol t age,
[_hfh?qfirsqrﬁmggﬁﬁhgm the series 25 resistance, the
- parallel resistance and the filling factor of the
Thedirsc eldp Briabi2ating a BadRiodalsplarcalbas f@lows: 119

and 75. 1% respectively. The second step is_preparing .
Al Ectyns ytlecagp|sliceolss prwwsdabyﬁxa#ruagcép%ﬁ?mg, e(Pge etching,

*cousEhSE R FuFE R SHES byl 59 25 Bafing an stmirun

pastePbh HH PHyHe 39MRbe,VEcrA-printthg a silver paste on the N-type surface
and firing to make a solar cell whose photoelectric conversion efficiency is
measured as 16.57%, and the open circuit voltage, the current density, the series
resistance, the parallel resistance and the filling factor of the solar cell are 625mV,
35.3mA/cm2, 0.0075%Q, 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
of water. -

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

14
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30 of water. Preparation of a tin electrolyte

sol ution: evenly dissolving 50g of stannous 14

sul fate, 60g of sulfuric acid, 48g of thynosulfonic
acid and 2.4g of cresol in 1L of water. The third

st i s electrochencal deposikti:-n [y: T .
sulfatg e S8 FFisa B Ph e Drty HR R ariP e kY 2 2g Hirpsol in 1L of
water. he above copper 5 electrolyte solution, and the

‘anode of the solar cell is connected with a solid

Teptird stept Beleopoeticrai@dly depostiagimetiain.  An

illum nator is placed below a_ transparent .

Hrecatlnda isurfagakot she esolan selolsaeoBmqied swith, th gbeye copper

el b, SR IR o AR, e i o o
coppe‘f‘a{r{‘?cﬁgo%ﬁg%r‘:?lé’&r@' ctiqdtion’ AReildahanaree! Is :p‘iaced below a

abou m hen the cathode of the sol ar cel after
transparentalebamtralytp takeoAtffert Bt woldr célé isabwadiatehtbydight for 15

. tin electrolyt ol ution, and the anode of .th | ar.
minutes] it 1 MaasHHed (el #iq NigkDss @1ihe soPReIelay&s depdsited on the

| | Ut : N .
cathofly, gSPARHE eI EBT il Sotek PR 2oRpr DB oor ar - "
TEE thé iR a8f ¢He Rpldr &1l aff@r thd dbowet &epifs ddntacted with the

nmeasured that the thickness of the tin |ayer deposited
above)rrlnléi‘lﬁoﬂléd ctanh heleetrodytdu soluteorg| endr e asodehef sdieasolar cell is

ce is aboyt 0.011tm .At the same tine, jit.is . .
conngaied yYidh 2 $aitd RNy %meé%qtr@laﬂ%éﬂf}%}%}-@%#%l@%& is placed

of, the r i I . 0/ ¢ .
veton?d 5a§Plhe Rl JIRECARERION Sk el affhciad by lght fo
1 migﬁ%é?)la,%gisl FnedBuAstVtRAR thé hpidlatdsesof @he stiankger sdeposited on the

_ , the parallel resistance is 49.419 and the .
cathotfiel ddminctiaet eleciredz & foe Kdapcelitie aboub M0 o dh e same time,

. . The first st is f i cati buri

t i st ol ot GRS L e BB o el s
t ext uring, | i ffusi . .chi

been QR 0P 089% BH8  SH R Iaag S Y. the curre

densitV 1y B8, ZHN/asL, theaepiey rdiistarieng 0.06488 tthe garallebresistance is
contact grooves, sputtering alumniumon a 25 P-type
49.41%r fiad ¢hafidling facigrind6a9%mi ni um chemical Iy plating

ni ckel insi he,. buried contact grooves, and form ng

& i‘h@k%qc_ogiqdﬁg@)@déme& after firing the nickel. The

gﬁéoﬁgt §{e230is' @bﬁ%ﬁﬂﬁg' erguﬁleﬁ PAHISBISOLM LS FSTlows:

reparation of "a ni ckel "el'ectrolyte solution: evenly

A Psglpy BlichaOslieé ibipoekssed 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
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

sulfate in 1L of water.

Preparation of a copper electrolyte solution: evenly dissolving 200g of
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sul fate, 8g of sodiumchloride, 30g of boric acid and
40g of anhydrous sodium 30 sulfate in 1L of water.
Preparation of a copper electrolyte solution: evenly
di ssol ving 200g of 15 copper sulfate, 120g of

sul furic acid.and.4. 5nmL of brightening agent VF100, .
coPper UG it Of PPERAIATIGANS oo TBb R R ERIg Fggnt V100 in 1L
0fwagérectrol yte solution: evenly dissolving 75g of

cUprous cyani de, 9g of zinc cyanide, 55g of sodium

Er¢patdon 608 d@fpp%@@iﬂ@all%f@lébﬁb@&@ sotgtida: eveslgddigsolving 75g

fluoride in 1L of water. The third step is _
of cuptaarst cyartidej Ogl of zimpeyanidey 13 of odium epanideofl Gghef sodium
buri ed ont act. solar .cel.l: cat hode surface of the

carboggqeaq;nq:ggp |5§’dé16’ﬁ’t gp edpt]tﬂfqﬁ@’ Bbve ni ckel
PAERLERS e%pZi S%!eyﬁbgﬂegﬁ?%b; ?gpﬁlﬁgﬁ% H{en&%{ﬁoae!lﬁﬁt ®flthe buried

I'S connec S € ni cKe

conta€l €s1hf ekt e solution. An illum nator is placed bel ow
the transparent electrolytic tank. After the solar )
Fle¢ Icatkode raafasce@f hhel pejar ¢l is eantacted with the above nickel

ctectrR AR Reartl o ERCBE B Bl S iBEbrsdavith a sold
nickegﬂhafhcf%hkkélls le?&ﬁ%l . 14B1utiBeN AReilRahhedsr %@rgg&%ggbelow the

e sol ar ce after the above step 1's contact

transpéireht tleetrabyve tardat A fee the splpeicetl isdtmdiated tyolight for, 5 minutes,
. and the anode of the solar, cell is connected wth a )
it is mepswredothisé thenthiekenessppl the néekelolayes denasitegninside the buried

i)l i i I .b
coma] N o hPER B g erparent
?ﬁeﬁ'tﬁ@tcaft&'f’)d@%u?fd&%t &6 the% Solat é@ﬁ%ﬁﬂe?QhEhfdQ\Ié‘g‘%eﬁeis contacted

I ckness of the copper ayer deposited inside

with thy hedve on¢rtioned coppsr efedtiwdysobalutivel, | arids tlebanodd ®f the solar
.um 20 Then the cathaode surface_ of the solar cell )
cell igf cennesied apdthe asseHs FePR@niACHEd CORPER ale@irabyss esolution. The

0L R ACERBRar LB uhidiref) RGP YR Rh. R Bt el i
irradigﬁeéhgtsygg'mf&' @xnir{ht&@rﬁié GORREAAFEAGhA HRY thickness of the copper

te sol ution. ilTumnator is placed bel ow
layertdm?os'rtad spsidertheddwrtdd odytiact graards. ofAfhteesolaheed as about 15um.
cell

is irradiated by Light for Lnutes, it is .
Whﬁ@dhédla{th@ge isHetags” ehihachelas C@f' %@r the gbpys;sigps 1s contacted
. ] | ayer .deposi L psj d h '

with L Yl SR LIP IR RHEISE SHRAF g g anoce of
the sblaf®ell fs ¢SniRASeHht361id ReppehOiRehBlolr irCthe copper-zinc alloy

conversion efficiency of the solar cell is 17.53% the ,
electapgte solutidrt 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
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
0.0040%2, the parallel resistance is larger than 100%2 and the filling factor is
79.2%.

3. The Third Embodiment
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voltage is 620nV, the current density is 35. 7m& cn®,

the series resistance is 0.0040Q the parallel

resistance is larger than 1009 and the filling factor

is 30 79.2% 3. The Third Enbodi nent 16 The first

step_is fabricating a solar cell with a who| e-back -

Tamdlixst i step &8 dabrisabings af splasweell Awith 13 p&hele-baela conductive

sliiced rocessed by texturing, N-type diffusing,
electrgg?aisztlpﬂa%s.opem ng the contact area for a P-type

I . 1 , _ _ . T
AT IYBERION Ao 16TRbESsEl KRR, N By WiBsing, oxidizing,
openibgt thee cehttttrade fort b B-typet eleesiosle adtla arphbtoresist as a mask,
chem cal ] y. pl ati ng ni ckel on the el ectrode contact .
P-typardegply daﬁf@smg,r@pﬁgnagﬁ%@k@ntgm pEien amyNdyperelectrode with a

firing the nickel . .The second st IS epar.in
photogesist g A Frikor igraisallypp iz ihe, Pickelgn 305 drgdde contact areas,
and f&x‘rﬁﬁfq Shvdieelsalidbh UMoyexket FirifioSRl iicRel. 1509 of ni ckel

10 sulfate, 8g of sodi"um chloride, 30g of boric acid

"Bhel séGand Stepnisyphepasingorlectrolytalsbfteonst 1L of wat er.

e T oh o BRSBTS o T, otk
s, 8 So BRIy, LB A0SRl MERHRL b rous sodum.

sulfatedhUW, efwaRE¥enl y di ssol ving 20g of cuprous cyani de,
30g of sodium stannate, 20g of sodi um cyani de and 10g

Bfepasatiomnofhyalraopme electralytsf seduton: Bveniyi didssivepg 200g of

i's ect hem cal_l deposi t.i n ectrode of th .
coppasagulfaigel PO SRR GO0 BREIA OB avbTigbi i BE Agsie. VBH00 in 1L
ofwaﬂ:}e conducti ve el ectrode surface of the solar cell is

contacted wth the above nickel electrolyte solution,
PréparfigoRnede @B?pbﬁtiﬁobﬁictﬁﬂy’[e iselhadsrteetefllywdidsodving 20g of
cat hode of an external power supply whose anode is
cupraasnoeanidd, \iGgh of sediuh ritadmedte, i20g loé sodikel cyanide and 10g of
. electrolyte sﬂut' on. An illum nator is placed above
sodiunp gydgpxideday {1 of #ategyr rent out put of the exter nal

’gg%‘gpi@g?@byisi éle%ﬁ@ﬁ:h@lﬂ&@%l}}& ft}%ﬁ)tsﬁﬁ%g%;t @fech'?)?iezéf the solar cell

IS I rradiate m nut es,

~ with aedsslesshdkhesndbetivdedomeste: of the nickel layer

deposited on the cathode surface and the anode surface
bhetdgeaductive 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
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 0.1pum and 0.08um, respectively.

Then the conductive electrode surface of the solar cell after the above step is
contacted with the above mentioned copper 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 copper in the copper electrolyte solution. The
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solar cell is about 0.1mand 0.08m respectively. Then
the conductive el ectrode surface of the solar cel

after the above step is contacted with the above
menti oned copper electrolyte solution, and the anode

. of 30 the solar cell |s cqopnected with a cat hode of

illumigataxisalaeed popne tb@.ﬁela}r %ﬁgs @ RuEent Qumrféfjgt%@oewrfr}al power
a.soli [n,t er,. el ectraol e. ' T

suppi 3 Qe RBPED 117, BEREE R SERL' Y I BtitR Ty e ror 2

minutey! [teI¥ nfiHsBréd Qhat Bee ickiRAS JOURS copp@PlaydrSdeposited on the
controlled to be 1.5A. After the solar cell 7is

cathod¢ sadiagtethdthd agbde fsorfaze ofrthruselar cell issabmaslfeoh and 12um,

that, the thickness of the copper |ayer deposited on
respe¢tieclycat hode surface and the anode surface of the

Tt G Su P et ol WBRECdr g SRRPSEI e ihe 4BBve sieps
is corhtRid t¥ieh abevebsvE€RfentiSneé@Néasicectinvidibctkblgtabiation, and the

mentioned copper-tin electrolyte solution, and the
anodeanbdbe sblatheel ds avonnecied svithrmeathedewn i an exdertalqeower supply

an external power, suppl ose d ted .
whosganpds BorpRheappom g soltbRPaPer Anrd (el Bgobt the gopper-tin
I . t s The.iJdL.yni '
cectrifyELSTRUBLY B0 St RBior PRl T SpRAEEH. The curmen
outpu@»fehs %lxtéﬁl\é;l? [Vpowmrk!wp}ilﬁ_i@ eohilledctot ife D& A. AMiterAhkalar cell is

_ the solar cell is irradiated by |light for 2 mnutes, i

irradiated by highs foed miuteshis is mheaswed that theehsadpmss-afithe copper-tin
| ayer. deposited an the cathode, surface and.t he ode .

layer ehPsEETAM the cadlode sBTACE AN, Bk anBe S iacd o Jussplar cell is
; vl Tteel

cbou FOREEH B 008Ll EsBETRNTR o CRARLICH tibured s e

photo¥@ficcedbhvérsidl eFhttenclysobnhs svlaceell isvoBI0RIS, iits open circuit

620nV, the current density is 36. 9mN cnR, the series |, .
voltageds s 20w/, i the onoestQensity pair.PeIA/cer] sthinseries resistance 1s

ger than. 1005 and the filling fact is 78.8%..The .
0.005154 S5k griadel agsinde, s arsnl Srab A qiR S AeCHiying factor is
78 g%hose cat hode and 20 anode |ocated on the different

““‘surfaces respectively. For exanple, the cathode and
Thed@vehtioes is eepeeiativasutabky foelths salsr cpllowilise cathode and
two different surfaces thereof, respectively. The nmain

anod¢ iegated encihei digferent swidaces raspecdvelyer ci al sol ar cel |
is its cathode surface, For decreasing the |ightproof
e P orles B EAthoRE " anilcandff o M cifimarcit SPEF cells are
. 1 | 1 S _ . .
provif 8] B8 e h e s TpeR e B s B PSS TheTopf bt 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

solar cell is composed of many fingers. The anode of this commercial solar cell is
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 doeé not contact the electrolyte solution. It is
easy to realize the continuous production with this process of electrochemical
reaction.

The invention is also suitable for the solar cell whose cathode and anode are
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| ocat ed on anot her surface. Wien the invention is
applied to the solar cell with this structure, its
cat hode surface contacts the electrol yte sol ution
while its anode surface contacts a solid netal and
does not contagt the electrolyte solution. It is easy

~ locatedon thg sameNELaEnt i nuous production with this process

5 L ATLATSP N S8 TP G0 TR i
the p}tﬁfr']téellelegri& QeakefkioN dffigiciRYE both tiRC BatHolle hd BhBaEioTh solar cell

e lightproof area of thé conductive el ectrode and
may benlenatedgn theaephseosideaifrthe et Bgbt-oaceiving serfage of the solar

cell. T gt%gﬁgﬁg%gggﬁé\%%ggﬁgq%g@%;ﬁgﬁgle]igyf{ﬁlthis Kid gF structure, the

tudd BRI S Bl A0 o HonlB et
solutiBh. At éktathal poveer SSPIFc deidiged rteabhioéie aste of the solar

anode of the solar cel] "contacts the electrol yte
cell andlaispbid. matalesttbinan ipowenaseips placedcabenes tiel solar cell. When

..between the anode of. the solar, cell and a solid .
the iIRGVHAORATIES HRNT APdAATRTIE Rek0Rlsv el RS slgatric eneray,
] L4 umn it .
e xS, AMEGERRI SN G B el ket D potyononsly on
the cdtRedé aad @fodd eLtHeosdiantel) hamebpahe tdonduet/elmeal etectrodes of

pl ace synchronously on_ the cathode and anode qof the |
the catbbde ansl anodeaet formpd ajdhaseme st hhe gate of dgpesising metal

t he cat hode and, anode arg forned at .the s tine. The .
on th gaticsle ARG GEPLeTGEe AR HeraElnbae ShesawoRntensity

. . ¢ : : .
of v A HFbF SRt SBUSIARRIF Sy hpoL BTARO LS T RRieY sy
The ieweatioal ispaverlimied! 1 thd aboeei syevial embadingdnts. A person
_limted to the above special enbodinments. A person )
skillegkinl thedartrmayienake vagiousarrangesi ang modifigasioasgvithout departing
difications wt t .depas.ting..fromt L Ielqt .
from FB¢ b e R R e AR bR R SO PR b protetion
scop BEREHHatths ERRRAND MeSnfe AR B od for
el ectrochem cal ly depositing a netal electrode of a
solar cell, characterized by conprising the steps of:
maki ng the surface of the solar cell (30) having a
cat hode contact with an
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el ectrolyte solution (20), 5 connecting an anode of
the solar cell (30) and sQlid netal (50),
illumnating the main Iﬂgﬂain@Seiving surface of the
solar cell (30) by a light source (60), wherein netal

ions Ln the electrolyte solution. (20) accept electrons
L o du bt dleCarhemically dipesing pindal slecseade pEapolar cell,
| d.and 10 deposited on the
charactgfétzhgg:é/ g%%?éng?h%ﬁgé%o?gr cell (30), nmeanwhile, the

malRingd the sakface00f e sbiascell Hbvihg 4 katstRdeoftact with an
the solar cell so that the netal ions are forned and

electrolgits soluteen (A0)he el ectrol yte solution (20). 2. The
S e e et T
SEISLER (RN AR R SUACBEIRY LB A1 (3F) by o g
source ¢6@y,acterized in that the surface contacting the

el ectrol yte sol ution &20) of the solar cell (30)1 only
wherngtn | metalt inns unthe ¢tectnolyto solutiond28¢ ascaphgleasrons formed

on the SeAHRdE; SGPERE ef dber solpf ccell idlons (bef ek isoasmed and
deposit%ﬁ'eérrlrél?%)ggﬂw hlgffag@to'f tBP esol&aéé(}?gg(’)ﬁgﬁeﬁmpﬂgoﬁ% s@lid metal

according to claim'1l aracterized'in

- (50) prolvaded etecttend tolthiteancds offi the {cd@) ceticsaidiest thed ahetal ions are

ions, acid radicals, water and additives. 6. The

formednand dassadeed an e eteciralyie solusion Gteri zed in that the
Zﬁtﬁgltnrlggﬁ)tde 9cgq5§§§8!g{§tpk<gglrg}gg%?ﬁ$rﬁg{eltrﬁz%a g{ }ﬁagat%te solar cell (30)

doss 1T AHRAS WEHLRDIAL SIigheEigPbitay RN SR having the

cathodaccording to claimb5, characterized in that the

el ectrolyte solution (20 ,congri ses at | east one
3.addie imethad accordmgrdonstaiae cbr dhagacterieedi in that the surface

characterized jn that t [ light-recei.vin .
contacfigr B Slestiutd so Ritort LEAIBethnsiie cEff dapy ahifiyecomprises the
cathodsol ution (20) of the solar cell (30). 10. The nethod

according to claim1, characterized in that the main

4. The method according to claim 1, characterized in that the surface
contacting the electrolyte solution (20) of the solar cell (30) comprise bot.h the
cathode and the anode. '

5. The method according to claim 1 or 2, characterized in that the electrolyte
solution (20) includes metal ions, acid radicals, water and additives.

6. The method according to claim 5, characterized in that the electrolyte
solution (20) comprises at least one metal ion.

7. The method according to claim 5, characterized in that the electrolyte
solution (20) comprises at least one acid radical.

8. The method according to claim 5, characterized in that the electrolyte

solution (20) comprises at least one additive.

20



10

15

20

25

30

5 light-receiving surface is the surface of the solar
cell (30) which does not contact the electrolyte
solution (20). 11. The nethod according to claiml1,
characterized in that within the step of

9.; I RHP aceFgied oo WM gh Palleria it the main

. light—récleﬂ’igg@r%ce £ QhéZurfdie ﬂ%@ﬁﬁgqgtegegé%’cgoltﬁe SbRitBrL(20) of the

characterized in that wthi
solar celll(8@).nati ng, the surface of the solar cell (30) is
directly illumnated by light. 13. The nethod, .
1Gcddeditagthas @cgpriing drachaner |z ébaracterizedwin hthat ¢ he main

1ight—re(s’ctgz((i;?irﬁogfss1]-1r:f%uliﬁli]lnsin aeé%ﬁ%?c% ?)SC %&&i@?ﬁ&‘a{ (ﬁﬂf gﬁglﬁﬁhée%l ot contact
the elegﬂggg?ﬁgi%%ﬁt?%ﬁgg%' rr]nerl, mgﬂlarggt erliSZéélL [ Ihfhg‘tst Pﬁg anode

1 bf Théenethodaaccoetling 80Fldim ¢ pohacicestizddeni thatawithimithidistep of
il luminDEEnAIERIcOTas (03 Sob A LRFIBABRE 35 the Marueal Sighicar the light
emiﬂe@ﬁgt%%flgﬁtﬂ?rfggﬁi d netal (50) is conposed of at |east

6. The nmethod according to claim1 or

144Thé haedeldesdcording td Rtind he chatdcteriZ@t ah thHOWithas tid step of

| east one surface contacting the electrolyte solution
illumin(2)g, the sufface mdftthe dodarceeld(3Q) tsadicectiynliyminated by light.

characterized in that further conprising the step of
1%0%@6??@@%@“@%@8?&5@ %ﬁ@ﬁagbafﬁcyew hathwithwo dee step of

. . . he s e 0 h |- i -al T .
ilumifyind the Shfag 208 shei Yol et B30 14 ERPatE b, Sgh passing
throughhtk d18&rliebhathePgieRliugiappl y is a direct current
power suppclré whose cat hode is connected with the
a

l4ndte methde ascdmiingeiol clabm) 1 achinabteszednuodthatsthe anode of the
connected with the,sol.id, neta 50)..,19. The pethod :
solar G b1 e apetien SlS@TicalSly WaheiHEsslid AataR(SOhBY & Conductive

: wire(ifn’(g)t.pm power 30 of the direct current power supply is

| ess than zero. 21
15. The method according to claim 1 or 14, characterized in that the solid

metal (50) is composed of at least one metal.

16. The method according to claim 1 or 14, characterized in that the solid
metal (50) has at least one surface contacting the electrolyte solution (20).

17. The method according to claim 1, characterized in that further
comprising the step of connecting an external power supply between the anode of
the solar cell (30) and the solid metal (50).

18. The method according to claim 17, characterized in that the external
power supply is a direct current power supply whose cathode is connected with
the anode of the solar cell (30) and whose anode 1s connected with the solid metal
(50). |

19. The method according to claim 18, characterized in that the output power

of the direct current power supply is not less than zero.
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