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SOLAR CELL W TH PHYSI CALLY SEPARATED DI STRI BUTED
ELECTRI CAL CONTACTS BACKGROUND OF THE | NVENTI ON 1.

WwWaRoet/a71064 | nventi on This i nvention rel ates to PFII/@42006/002117

cells and nore particularly to sem conductor
photovoltaic cells and a process for form ng

el ectrical contacts in a sol ag cell structure. 2.
Description of Related Art IS vvel | - known that under

['ight illum nation, hotovoltalcé solar cells
conpr SOLAR CEkl WITHPUY SIGALLY SERARATERIISTRIBUTED

current. This el ect t |l ected from
the cell by neans o#%%f%d@g.&kgﬁ netal lization
on the wafer which acts as electrical contacts on
front and back sides of the solar cell. A partially

QBAGNGBQUIND %EU&'MR&HQM whi ch typically
c|ont a'l‘-‘i%lcfb %Sfegg'qﬁ?/ alum num 1is screen printed

onto fr surfaces of the cell through a

M invedttiohh@ldtesrnb daiat ceold anddnofd paltcutar\ato eehdiconductor
structure, the mask typically has openi ngs through

whodovaltaic pells and @n@@@egs forefosmingaelectrisabeontacts in a2 sglar cell
EE'% ﬁprgfl guration of the openings determ nes the shape

g pattern that the paste will formon the surface
of the cell and the ultimate shape of the electrical
contacts. The front side nmask is typically configured

20 pr RRRGriRtion Qfﬁqmﬁdoﬂmt hin parallel line contacts
W@Iegﬁdomrtﬁa{ n%?rllrgtn'tr? ?%n agﬁ?ﬁ)%ngl%t ﬁﬁ\/e‘t Lolar cells

general y pe pen ar 't

|domprisimg agnsicorductor s;wfemilgegemsteleormct b&rrmilsk Tmbeelectnc
mask is renmoved and the wafer bearing the partiall
CHHENE A% G collected; oy e wefl by dncang1of tirent and *back side

AR gl o, ! o Wi B ad Bep P Gonfl oy 7R and back
[siads of thet salaf Celk e pal'traﬂygd1\ectthealfyr coridustide pagtd, aviclotypically
tc'?)%tamé asnver and/or aluminum, is screen printed onto front and back
surfaces of the cell through a mask. For the front (active) side of the solar cell
structure, the mask typically has openings through which the paste contacts
the surface to be metallized. The configuration of the openings determines the
shape of a pattern that the paste will form on the surface of the cell and the
ultimate shape of the electrical contacts. The front side mask is typically
configured to produce a plurality of thin parallel line contacts and two or more
thicker lines that are connected to and extend generally perpendicular to the

parallel line contacts.

After spreading paste on the mask, the mask is removed and the wafer
bearing the partially conductive paste is initially heated such that the paste
dries. Later, the wafer is “fired” in an oven and the paste enters a metallic
phase and at least part of it diffuses through the front side surface of the solar
cell and into the cell structure while a portion is left solidified on the front side
surface. The multiple thin parallel lines thus form thin paraliel linear electrical
contacts referred to as “fingers”, intersected by thicker perpendicular lines
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cell and into the cell structure while a portion is
|l eft solidified on the front side surface. The

woneht/dpb& thin parallel |ines thus formthin pOTaCAm®D6/002117

linear electrical contacts referred to as "fingers”,
intersected by thicker perpendicular linesreferred to

as "bus bars". The purpose of bhe fingers is to

collect the electrical current“fromthe front side of

the PV cell. The purpose of the bus-bars is to receive

t heferied ihas fhunbare. The gurrosenef meaf'mgee@ is to collegt fheoetectrical

g o0 SR o BF BT SRR by Bl 0 s 1 o

r enepewblthelcwrehtlfrefremb firgehs aﬁ@'trah*sfértltaéwaﬂﬁoﬁf thecdefien
printing technol ogy further introduce 1-10 mcron

fI uctuations in finger height and 10-30 m cron or

f\?p?|§éll lt %t Hﬁ’dthoﬂﬁ 'trﬁe ?Hﬁl ol ?%aght eén@ggbﬁpggnﬁately 120

Cl 0 harves

buaidmarn§ aadelo ﬁﬂcmohe@sbectmily etihhdrent! Bsthaicad liftitations of screen
current fromthe plurality of fingers and therefore

h&f@twgs@saﬂalﬁgvéuﬁbeﬂ mt@éiuce rlo3Q naigean Huctations i finger height
Sigd€o '}ﬁfcﬂlfﬁ ' He%fbr' ﬂb’&h?ﬁ&nsa i a¥igkh. Ofwﬁﬂé {h@ liXgers are

CO uctlve paste CO tarnin um num over t

b asifficiant tadmroésttémalbellebtrremtmté ahe bukeydrs z@é reduigto collect
During the initial heatin the paste dries. Then
suEF\fBS%IQEﬁ@‘ﬁﬂrﬁ%‘%F drerg re@ﬁalﬁymt finparg wttmr@fore have a

an Bt ri[%w%p@r eﬂsa%ﬁﬂoﬁhhatvﬁgtﬁm th al um num paste

drie when the wafer is
subj ected to "firing", wherein the alum num paste

(a5 B ATt leAoro iR Fhga) ey & gpgﬁgffcgoﬁauegﬂee paste
S'ddfﬁélﬁﬁ‘ig‘@hﬂﬂﬁﬂnﬂaﬂe? tﬁ@re'ﬁ%r !ac‘!l@%bﬁh e@ﬂ’% cdtGor a few
al um num-cont acti ng | ayer co ects t he eI f(

csmalhardasonDulieg fhe dtial headioigi thmpaﬁasd;r@ |'I’che1n03|lvbe’alum|num
silv

ver/al um num p are us to
¢ AP o8 Seieed i Bl aShelRo ARG sy Bia Mot el pRted with
t hatimirfurR Gsaste ethdols furdet IH@RN STHAD vieh Fl%%va‘? y Tésh§ubjected to
front side of the solar cell is known as
ar'édngnavhgreinetiesakiminumr patitatfomns fr passiedioni laget baelled a Back
§§Lﬂ#acceeHeI5' Tégﬁg%nd Qhrsnlﬁlﬁ]r%déonrﬁa&{n%ala?/gp21%83’(%2 sSII(\)/e%Iumlnum
paste forms silver/aluminum pads. The aluminum contacting layer collects the
electrical current from the PV cell itself and passes it to the silver pads. The
silver/aluminum pads are used to take the electric current away from the PV
cell.

The area that is occupied by the fingers and bus bars on the front side of the
solar cell is known as the shading area and prevents solar radiation from
reaching the solar cell surface. This shading area decreases solar cell
conversion efficiency. Modern solar cell shading occupies 6-10% of the
available solar cell surface area.

In addition, the presence of metallization on the front side and the
silver/aluminum pads on the back side results in a decrease of voltage
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conversion efficiency. Mddern solar cell shading
occupi es 6-10% of the avail able solar cell surface

wo20ea071b6¥ addi ti on, the presence of netalli zatR@mMCA2006/002117

the front side and the silver/alum num pads on the
back side results in a decrease of voltagegenerated by
the PV cell proportionate to the netallization area.
Therefore, in order to achi eve “fraxi num conversi on
eff|C|enc of tESIPVceII it is desirable to mnim ze

 hEeRgRLEd ¢8/! propAttionatr toriheanetaliination area. Therefore in

ad t

B e ST I P A e

t ota mdumzet the @nealotcupledsby frent sitle metaiz@get. eln addltlon it is also
i ncrease cell efficiency and w |

aé é?reﬁ?‘? 4P ?"rﬂ'\é‘\n&lelegéee areR Qfodiiveprmeigiizatiesion the back side, in
faﬁéﬂtlﬁﬁfa' Ofy We%ﬁe%ma { & é”\r/'eﬂ"émnmﬂﬁm P%%t@ RSuired. This will

expenswe se of m) ern screen

t embreﬂseggelf efficiermyt arsd aell isabsaiantia by ldeor@sbi ®reecodt of solar cell
aln.mnpinmal |evel Pf et al Ilzatlgaeoby opti m zi ng

'§ag%g?ﬂ?%%§’§é{§ WRintM BRste CRAPLEXRENBIVE-f or t he

solar cell being produced. However, there are
principle limtations that prevent further decreases
fThﬁeuseetoélmodeml ecreaneannt’ihg $echnoladye far reat side metallization

CrECMION A HERRR ATl 16V o BT RSt BY cqtira&inge widths and
f egiickineySed ass BRgeise and eEJu@fBa\rri; Ctdf Ufrfeeré‘olefrl %lé‘ll t BélﬂggBroduced

the fingers during solar cell operation.
buldowsve,r dherer empnmipledlrnmt@nsn mlatrpm\car‘MBr-tlse:t:decmai;es of the

R Ao R, Yol AL nhSi Y rotne fingers
nO(tarﬁddtQJ@ %lssrthaﬁtdeﬂﬁwt BRnShdines 4rﬂbkﬂ@rﬂ6%¢@6’%x@83éﬂ?@ resistive
rear side of the solar cell because PV np

prlgderRs ide teqeleeisic cHuenblfigv datought thebémgers during solar cell

| SSEABROE S0 1 R AAREE PRy s sctona

dedinTansonse alsad o favoidrresisting 16esa's Wrrr@WNElefbﬁl%hS ah addition,
70 microgn width (B. Raabe, F. Huster

Faqqnvent'@ﬁlptsmomﬁoessmg&hwﬂlrmrrer_t)nglth@aﬂ@er/aﬂuimnum pads
Ofort bife FUrSiIE PR Bolar cell because PV module production requires the

solar cells to be interconnected in-series via tinned copper tabs soldered to
the silver/aluminum pads.

Several papers describe methods for printing very narrow fingers of <70
micron width (B. Raabe, F. Huster, M. McCann, P. Fath, HIGH ASPECT
RATIO SCREEN PRINTED FINGERS, Proc. of the 20" European
Photovoltaic Solar Energy Conference, 6-10 June 2005, Barcelona, Spain;
Jaap Hoornstra, Arthur W. Weeber, Hugo H.C. de Moor, Wim C. Sinke, THE
IMPORTANCE OF PASTE RHEOLOGY IN IMPROVING FINE LINE, THICK
FILM SCREEN PRINTING OF FRONT SIDE METALLIZATION, Proc. of the
14" European Photovoltaic Solar Energy Conference, 30.06-04.07 1997,
Barcelona, Spain; and A.R. Burgers, H.H.C. de Moor, W.C. Sinke, P.P.
Michiels, INTERRUPTION TOLERANCE OF METALLIZATION PATTERNS,
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Phot ovol tai ¢ Sol ar Energy Conference, 6-10 June 2005,
Bar cel ona, Spain; Jaap Hoonstra, Arthur W Weber,

WoHWgDOHNEG. de Moor, Wm C. Sinke, THE | MPORTANKH/CK2006/002117

PASTE RHEOLOGY I N | MPROVI NG FINE LINE, THI CK FI LM
SCREEN PRI NTI NG OF FRONT SI DE METALLI ZATI ON, Proc. of
the 14th European Photovoltaic Solar Energy

Conf erence, 30.06-04.07 1997, Barcel ona, Spain; and

AR Bur?ﬁ:rs wH H. C. de Mor, WC.  Sinke, P.P, )
M EreIcd he (R EdriipreanPholaiRicESelar iroergy Conmarence, 11-15 April

PA - ur, i ;
ol P Enmegy ey e, Kooy UG ln gl Y. RbRlicnal fingers of
Tps7%hh!mmmsam§ae. naindwrdrosatselcions dhateate m%mlsnﬂalhg@rrmndle the
of 70 m crons have narrow cross sectjons that are too
swﬁPq?e?tS@fY]qu&F Q?FW@tf&%ﬁ%‘HrC}?ﬂa@fﬁ‘eﬁt lging pse H“F%J by the solar cell
&Upﬁ@g@t &3Rakife TbshflaYoREQIUCR{ otl‘éf?r; h& é&*ié?eo%edéquate finger

excessive resistive losses. order t
acbomductizie quatay bengegessandta teithet yappty aagedond layer of screen

B?gﬁﬁé fé/%égé)?{){?%f&ptﬁgﬁ%han?s ,%,?38 %&lp g:laf% %gréegaq on top of an
| QfAfal Yordd Bkl HRaiffativh, 'utind BaBAICRRIRbIORYSIThe resulting

i zation, using galvanic technol ogy.
r esosttantycomptexiy of these methodsoddd hgweohibitivietydbighdzkpense to the

prohi pitively hjgh expense to the production of
phBFHﬁE%PQPfﬁgpggﬁp%re, there appears to be no sinple
way to produce a photovoltaic solar cell having
reduced front side shading and no conventi onal screen

pr Heretdfare| there appearsum heane stnpleheabtecirosiuge a suNmetiaic solar

O RN o SO BRI A ARB il s prvc

ThejaRRMIRINEN bRES YAehe dasgRBidonduct or photovol taic
cell structure having a front side surface and a back

side surface provided by respectively doped portions

7 u SRR THEREA QNS " nc) Ddes o pl ural i ty

of Irel &sdordgmde owitti aché aspect of the invention, there is provided a
photovoltaic apparatus. The apparatus includes a semiconductor photovoltaic
cell structure having a front side surface and a back side surface provided by
respectively doped portions of semiconductor material forming a photovoltaic
junction. The apparatus further includes a plurality of electrical contacts
embedded in the front surface of a respective one of the portions of
semiconductor material, the electrical contacts being distributed in two
dimensions across the surface and separated from each other and in
electrical contact with the respective one of the portions of semiconductor
material. The apparatus further includes a back side electrical contact on the
back surface of the other of the respective portions of semiconductor material
and in electrical contact therewith.

The electrical contacts may be distributed in two orthogonal directions across
the surface.
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enbedded in the front surface of a respective one of
the portions of sem conductor material, the electrica

womnt/embet bei ng distributed in two di mensi ons PCIVOS206/002117

the surface and separated from each other and in

el ectrical contact with the respective one of the

portions of sem conductor nate%ial. The appar at us

further includes a back side electrical contact on the

back surface of the other of the respective portions

of TR nelesthigat contass dpawl bardistiriputac @venbalin dbat we orthogonal
th&if&mohg' The el ectrical contacts may be distributed
in"two orthogonal directions across the surface. The

el ectrical contacts may be distributed evenly in the

two orthogonal directions. The el ectrical contacts may
be' B¢ elasyiical cantastamayybe arwangedintan aHAY cont act s may

be arranged in rows and colums. Contacts of alternate

rows may be arranged to lie in positions adjacent

spae eldntticst eontacts malyea arranged entowsoavsd cdlemasal | y

each of the electrical contacts may have a contact

surface facing generally normal to the front side

su cpan i : :
THEPRERISY SRAPAR, ol DYDY EiARRe] oL I INiRns adiacent
s hgpacesThaiweentcactacts irf adjacemiyroisve a general |y

circul ar shape. The contact surface may have a star

shape. A solar cell apparatus may be made fromthe
PhelRkpdifyabscrhBP bl il coMacty Mdiehald@ d BEMast suftade facing
el ectrodé for contacting the electri'cal contacts. The

f i ganerallp cormdetathe front side sawfaseaand dperiable tnbelcennagted to a
opti cal Ig transparent filmhaving a surface, an

adh¥IFuAt rI'ayer on the surface of the film at |east

one el ectrical conductor enbedded into the adhesive

| ayer, a conductor surface of the electrical conductor

pr 6he gantagt sudace mayaesa generi¥rectangulan shapey

The contact surface may have a generally circular shape.
The contact surface may have a star shape.

A solar cell apparatus may be made from the photovoltaic apparatus and may
further include a first electrode for contacting the electrical contacts. The first
electrode may include an electrically insulating optically transparent film
having a surface, an adhesive layer on the surface of the film, at least one
electrical conductor embedded into the adhesive layer, a conductor surface of
the electrical conductor protruding from the adhesive layer, and an alloy
bonding the electrical conductor to at least some of the electrical contacts
such that current collected from the solar cell by the electrical contacts is
gathered by the electrical conductor.

The electrical conductor may be connected to a common bus.
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bondi ng the el ectrical conductor to at |east sonme of
the electrical contacts such that current coll ected

wd 0omotihe sol ar cell by the electrical contactRCT/€A2006/002117

gathered by the electrical conductor. The el ectrical

conductor may be connected to a common bus. The

el ectrical contacts may be arr%nged in rows and

coI ums. The el ectrode rray incllude a plurality of
_ECtI‘I cal, onduct ors ran ed in paralle

56 claitiaal GANIARS May 1of SREROEMIN RotaBBAAMES. The; electrode
Coﬁ‘\ta Ciheldka %I@r‘a‘ﬂ bt bYec‘Prﬁcéérb‘bhn%lhngrﬁ'd?P%neq‘é Fnagfit%llbf‘ spaced

a respective YOMIO col umm

c oaypiart veiauommyldueeoejectecalecbndudaomunay ‘Beemsaﬂrﬂactcwitth a plurality
ap further inclu a second, el ectrode for

o o T igtS in AdSRPeetvRiBRIOTCONTEEL | The

second el ectrode may include a second electrically
insulating filmhaving a second surface, a second

adBaslh vétHesglectrioal coreductarsmday befcansecteditha sessond

film at |east one second electrical conductor

enbedded into the second adhesive | ayer, a second

COMHY ShRir ceY rafp@aeateé mMaAefurPRe iMtIgdes Isec6ad eféb‘ﬁ:@@@tfef contacting
protruding fromthe second adhesive |ayer,

sethenoack side aesticalgantacts ddwnsecanskelertade mwlm@tuﬂe a second

+ oelEhiATE UGS WD o S8R s BHER & Biroh ddbsive layer

el gatthbCcaécatnsafhce ofpthev sdeshdYilmheit abast bhe a¢econd electrical
conductor. In accordance with anot her aspect of the

| ne@miucier, enthaddedsinte dbe oﬁ'ﬁﬂ?oﬁdp@m‘ée flayers @ aeend conductor
%@{({ﬁs edfn{ﬁeespr oﬁﬁn%ll’éi:ttr‘?cfalp&%@&w aq)rﬁ rﬁ&mb from the second

ocess 1 ncludées

|O| gdiaésivey layfer, ol disdgahd pdioy lbondmgfthelsecbnd cmécmmnmductor to
paste in two di nensi ons acrosci‘e%front si de surfac

D Fiabagk SR GIOCUHRH A Sucke el SUTGER | Peegths e gplar cell
r eﬁBﬁth Fﬁwovofwﬁda@ Rantt I%e;sﬂowa@ettﬁ; Pk é}@etﬁemaaonductor

formng a taic junction; causi
i ndi vi dual portions of electrical contact past eto

b cgpIanes) Wby anaier oRacl th 1B ESIPRe (hejgo i Provided a
;?gf}ﬂtdegﬁ,ggi;ggfrfﬁng%tﬁé@ iRl £GeMiEMducdr prR&®BvOIfait Rl structure.
The process includes distributing a plurality of individual portions of electrical
contact paste in two dimensions across a front side surface of a
semiconductor photovoltaic cell structure comprising respective doped
portions of semiconductor material forming a photovoltaic junction; causing
the individual portions of electrical contact paste to become embedded in the
front side surface such that the individual portions of electrical contact paste
form respective separate electrical contacts in the front side surface, the
separate electrical contacts being in electrical contact with a corresponding
doped portion of semiconductor material; and forming a back side electrical
contact on a back side surface provided by the other of the respective

portions of semiconductor material and in electrical contact therewith.
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separate electrical contacts being in electrical
contact with a correspondi ng doped portion of

wosmai/eanduct or material; and form ng a back sSiRE/CA2006/002117

el ectrical contact on a back side surface provided by
the other of the respective portions of sem conductor
material and in electrical contact

therewith. Distributing may incl'ude printing the

i ndi vi.dual port] OEJSa of el ectrical contact, paste on

- . t he
f r BIStrRYytHg f iesIdeppriniing, deriRdiyidepl, pertiops senelectrical contact
prgggt'bgg., ne fRd it e éﬁ}?aéqay i nclude distributing the
in uaﬁ i of el

I VI portions ectrical contact paste in two
ort hogonal directions across the surface. Distributing
naé_include_distributing.the i ndi vi dual portions of
el el f

pHiRg A1aydBeUde SCHRENR BRliNShi y in the two ort hogonal

directions. Distributing may include distributing the

i ndi vidual portions of electrical contact paste in an

ar Disjpribudirgg miak undlude disjributiriguitte individuabpoitiogs tofi @lectrical contact
i ndi vidual portions af electrical,k contact paste in
roﬂgStﬁr\'a?\%IOuﬂll?ﬁgpnﬁ @[%%BU?iaﬁbo%tpei E'I%ﬁae causi ng the

i ndi vi dual portions of electrical contact paste in

alternate rows to lie in positions adjacent spaces
beDigddbutinghmaytinclude diftalwing theviedividuat padiona®f electrical contact

i ndi vi dual . partions o I ical contact paste to

be%ﬂﬁ eé’r%]&g'g'ethei(%wgtoﬁbogpgﬁ{é'tﬁcg'gngurface may i ncl ude
heating the sem conductor photovoltaic cell structure
with the portions of electrical contact paste thereon

f oPisdributig wieyacludedisiriuting hedndividupb pertioamsd elaciiieal contact

to j ast sonme of the electrical contact
pagggegbtagg%rﬁél'ndi vi dual portion of electrical contact

paste to enter a netallic phase and diffuse through
the front side surface and_iné\% the portion of

seRistdbiting By iaslude SistpRyting thedndividval ppdions gf elgadrical contact
mh?&e'iﬁ%&vg%n@ éﬁ]&hgj ent portion of electrical
co

act paste in e netallic phase at the front side
surface to act as an electrical contact surface of the

separ.at e. . . o . .
B?stﬁbutmg may include causing the individual portions of electrical contact
paste in alternate rows to lie in positions adjacent spaces between contacts in

adjacent rows.

Causing the individual portions of electrical contact paste to become
embedded in the front side surface may include heating the semiconductor
photovoltaic cell structure with the portions of electrical contact paste thereon
for a sufficient time and at a sufficient temperature to permit at least some of
the electrical contact paste of each individual portion of electrical contact
paste to enter a metallic phase and diffuse through the front side surface and
into the portion of semiconductor material below the front side surface while
leaving a sufficient portion of electrical contact paste in the metallic phase at
the front side surface to act as an electrical contact surface of the separate
electrical contact so formed.
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el ectrical contact so forned. The process may further
i nclude laying on the front side surface an el ectrode

wamapeilgéang an el ectrically insulating opti calBGI/CA2006/002117

transparent film having an adhesive |ayer in which at

| east one el ectrical conductor is enbedded such that a

conducting surface thereof beaglng a coating

conpr|3|ng a IOM/nEIt|ng poi nt “al | oy protrudes from
onducti.n

adhesi ve | aye suc at, t he
coa praassnay i BEUERAAUNa A FEdTOH SiHa sbdass amalectiode
[ ; ' h
LT8R, 8RS R PLORRILLEEAN 1BHEHGH uff dhing an
t cadheddive tayeorid whieh camelaxstt omey etaatiiced econductoe is embedded such
acts to electr

| it f el ect .
: %%Z@'t qnlionfia SHHRESINEGA! EALY ¢ ORI CTpriuhs a low melting
HPta‘?leoEgoQﬁfd@st frohe tﬁé esdrd<had 18GIdURICHr th ﬂ{ea\’t‘onductmg

current the solar cell through the electrical
c osuréages . cdrﬂactpr@cqﬂuramy cbfurthaeneleqtmajd@ootmmciqrmgd in the

the_ at ast aone. electri ndu o e ,

ol S DloopdRion BT Ris, ARSI TR b, SuPdiy ahd causing the
COloWTRItHYIpbIAE afbF ¢ hisletoBand lfwé @dﬁd@ctmgum#adeytoofhe plurality
el ectri cal conductors arranged in parallel spaced

ap@fr electiical | eantaqisetoe leiratrically aapnemt 1hei glestiiaahecantagis to the

o st B HG  ATCRET B GEh] L B b fom e

a §618PE6I threudPmeosleeticantontdbe. process may further
i nvol ve connecting each of the electrical conductors

to a comon bus. The process may further involve

| af!‘hé‘gpfqég ?rl 2 rurﬁieqe dzea“c%PﬁPcﬁr#g%éog? lé@é’leoﬁé 8iectrical

second I nsu |ng vVing a seco
adb@ﬁdu@bﬂwmfbusn mhlch at | east one second el ectrica
conductor is enbedded such that a second conducti ng
surface thereof, bearing a second coating conprising a

Se"?H@deI'egw ﬁFlcto'n'f‘&tQOr‘nﬁg B%' SaRGed NiHIRwd 0 tBRimns and the

second esive | ayer uch that”the second conducting

suekeatrode onaypincludéda watatltysoﬁelealtrmai icooductors arranged in parallel
spaced apart relation. The electrode may be laid on the front side surface
such that each electrical conductor is in contact with a plurality of the electrical

contacts in a respective row or column.

The process may further involve connecting each of the electrical conductors

to a common bus.

The process may further involve laying on the back side surface an electrode
made of a second electrically insulating film having a second adhesive layer in
which at least one second electrical conductor is embedded such that a
second conducting surface thereof, bearing a second coating comprising a
second low melting point alloy protrudes from the second adhesive layer,
such that the second conducting surface contacts the back side electrical
contact formed on the semiconductor photovoltaic cell structure back side
surface and causing the second low melting point alloy to melt to bond the
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contact fornmed on the sem conductor photovoltaic cell
structure back side surface and causing the second | ow

wombt/dmged4poi nt alloy to nelt to bond t hesecond®CT/CA2006/002117

conducting surface to the back side electrical contact

to electrically connect the back side electrical

contact to the second el ectri c_?_ conductor to permt

the electrical conductor to supply current to the

solar cell through the back side el ectrical contact. )

a Horkk peeduCtAceyriana o dhe back Side elrgiical RRRIRGLJR electrically
W EbnrRes aE b"é@?%ﬁd’é‘éle;cﬂic‘ﬁrl‘ BB et ) B ééé/or% bldcttal fonductor to
the art upon review of the follow ng description o

speeiniit thee etentlicat coadoéior e supplynturcentito tbergalarceelbthrough the
WwWith the acc nyi figures. BRI EF DESCRI PTI ON OF
T@W&?I@qw(ﬂ%ﬁﬁqﬁgs which illustrate embodi nents

of the invention, Figure 1 is a process diagram

show ng successive stages of a nmethod for form ng
coOthwrt aspectsaand featuraiiof tre widsent inventiodiwily hesome apparent to

s clrg NS 1 df it Hoh o vish Bh Bk faldife de¥Efption of
St §pEdifiy BnfbddihiemB & et invealiors AN ICBRfUPCASE With R accompanying
formed by the nmethod of Figure 1; Figure 3 is a

criggesect i onal / perspective view of an apparat us
according to an enbodi nent of another aspect of the
i nvention, on which electrical contacts have been

f oBMPEF IDESORIPTION OF THEFDRAWINGSFi gure 4 is a top
vi ew of the apparatus shown in Firgure 3, show ng
at

el bcdrapings woih disyateembediments oBthginventioRape; Fi gure

s is atop view of an apparatus according to an

al ternate enbodi nent of the invention in which

el Bigure tal cism podcesardiagrancsthowihyg stibegesilerstages of ai method for
atop view of an a ratus according to a third ) i
embodi ment oD PAVERIS O A RSTHROBRUEIOE e ccording to a first

contacts ar egmBehREht Rihedndention:;

Figure 2 is a cross sectional view of a semiconductor photovoltaic cell
structure on which electrical contacts are to be formed by the
method of Figure 1;

Figure 3 is a cross-sectional/perspective view of an apparatus according to
an embodiment of another aspect of the invention, on which

electrical contacts have been formed by the process of Figure 1;

Figure 4 is a top view of the apparatus shown in Figure 3, showing
electrical contacts having a rectangular shape;

Figure 5 is a top view of an apparatus according to an alternate
embodiment of the invention in which electrical contacts are
circularly shaped;
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arranged in staggered rows; Figure 7 is a top view of
an apparatus according to a fourth enbodi nent of the

WO 0owetiden i n which electrical contacts are ciB@IutA2006/002117

and arranged in staggered rows; Figure 8 is a top view
of an electrical contact having a star shape, in
accordance w th anot her enbodlﬂsent of the invention;
Figure 9 is a top vi ew of an electrical cont act havi ng

CHEORR B | o84 BFGRY S SPBABBIHERRIOE T A Brembgdiment o

appar at us ofjnghvbMich SHQ)OchhneIEbﬁMéle%oﬁtacfb a?e r@ct‘é‘hg@lar and
showi ng el ectrodes bei ng connected front sid

el ectrical camangscinstapgered oows;i de aI um num cont act
| ayer; and Figure 11 is a side view of the apparatus
shown in Figure 10 after first and second el ectrodes

han?ukeeﬁn affsiaxreg \IléW%@'aﬁ dppardtus agorlirRCtord furth embodiment of

contacts and b si de al um num contact | ayer,
respect i vel ythelevemtionmn mietRelpTirical sestadts are Cireula ang arranged

1, a nethod ; 9%,@4{?‘?5%"93‘3 first enmbodi ment of a first

aspect of th for formng el ectrical
contacts in a sem conductor photovoltaic cell

structure 11 is shown generally at 149. Sem conduct or
PhbigbtaBt ai clS@ItPPSt"ﬁ‘WcPhlaQ siepkica| ggniast Mayingeaostar phape, in

this embodi ng%or{ié}gpes\ﬁﬁﬂ 88{9&58%%0 PRSP G(e:ﬁ@rl

structure 11 es a silicon ma Into
been diffused an n-type region 20 and a p type region
22 which forma p-n gunct on 23. Altern

ly, th .
n- Figeee Pegi o 5d0RnkEWHY ﬁ“t%@ﬂf—‘%lgwﬂacz i 5 {2, cross shape in
reversed. | nalpeaRarlvfahoBPYMboRiniéRY neeﬁw ;ace

14 is provide y a surface of the ntype region 20 and
the p-type region 22 is |nned|ately adj acent the

d def|i
DR 8 et BRisRACINERGo ) B8 90BBIIHE ALLTETPSbRHEd Fioures
of approxi magely506&rn7? sheWRIgEEIBcddEs BEinG-doriPected to front side
electrical contacts and a back side aluminum contact layer; and

Figure 11 is a side view of the apparatus shown in Figure 10 after first and
second electrodes have been affixed to said front side electrical
contacts and back side aluminum contact layer, respectively.

DETAILED DESCRIPTION

Referring to Figure 1, a method according to a first embodiment of a first
aspect of the invention, for forming electrical contacts in a semiconductor
photovoltaic cell structure 11 is shown generally at 149.

Semiconductor Photovoltaic Cell Structure

Referring to Figure 2, in this embodiment the semiconductor photovoltaic cell
structure 11 includes a silicon wafer into which has been diffused an n-type
region 20 and a p-type region 22 which form a p-n junction 23. Alternatively,
the n-type region 20 and the p-type region 22 may be reversed. In the
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region has a thickness of approximately 200-600
m cronmeters. Process for Form ng Electrical Contacts

WORBhEoTIDGIg back to Figure 1, the process for fRITECA2Y06/002117

el ectrical contacts involves distributing a plurality
of individual portions of electrical contact paste in
two dinensions across a front sjde surface of the
sem conduct or phot ovoltaic cell’ structure conpri si ng
respective d Ofl’tl ons of sem conductor materi

o S

P

f ATRPAGMEN mno@t surtage 148 pé%ge%@ytqqéu%ace of the n-

| . f; .
palBeCten 2 dnd>Me, R v FEbioh 2 i< Gl BhAdialdit the n-type
t hregiondand dietihep ar backnsidefsuelaeet13. dalthemmﬂimpatsbown the n-
formrespective arate el ectrica nt act s
f P TSR g £ ARERnasR oL SO A Bhe (R PP Pelsts aliktne pype
a'fRg idh ﬁé§5tuﬁ.bkﬁésscm;ﬁﬁbxwattanyazo@oswﬁﬁaﬁméwrsdOped
por | on sem conductor material formng t
photovol taic junction. The process further involves

folgm' ng 2 ﬁck .Si ﬁ gl eatd ctaI! contact on the back
[ orn e e respective portions

Of Ré@ﬂlﬁ% Bﬁél@ ié) Figlivé 8!t predss Rorabaing slattrieandsimacts involves
therew t process may begin bc@;prlntlngthe
€

u@me@uag qoahtraldmsafdndlal ippttmns ¢lgetricghsoetact paste in two

2414 (G s B o AR B ot o

15§irditﬁmen@ommisufga|re§pedhf/eOa@mmqmrﬂdi?s @lfrsmgednductar material
desired distribution, such as in an array of rows

coloing 1 ahatgvaltsdc  iupetieafple capsingadee tigdpictual VEO“'O”S of
anelagﬁ’fég f c8h a'i‘:tE ?8& be&&ﬂéﬁééﬁb&l‘?&%og H‘F‘ﬁ’?e B8Rt @‘d’é‘ &¥Hace such

m num SI svea I'n a solvent

Ahmat aﬁ;jmtjlvlcﬁﬁal ipsrﬂdmnf@la&Mcabcmﬁacttﬂ&stmm ﬂé;'s(pesum separate
at the paste is distributed i V\/Odl

 C5lastioahBORPEIs Meined RIS SUYRCR T RORHETE i rgd contacts

15§re' i ﬂ@@tn%f&o&i‘tggt IR aSESRERINAFRBAABd B8 rtidRV&dsdriiconductor

two ort ogona rections at successi ve pol nts I n
tmna;erfadrfoenmgortm photeladiaid funddionhe dhecpracess further involves

act ste 157 in,the t rt nal direction
aclhugia RbHeR s eleuied op it iy R ARGl Siftad 3t he other of
the respective portions of semiconductor material and in electrical contact

therewith.

The process may begin by printing the individual portions of electrical contact
paste 157 on the front side surface 14 such as by screen printing. Printing
may involve screen printing wherein a mask 150 having a plurality of openings
152 arranged in a desired distribution, such as in an array of rows and
columns 154 and 156, for example, is made to receive an amount of electrical
contact paste 157 containing aluminum, silver, adhesive and silicon, in a
solvent. A spreader 158 is then drawn across the mask 150 such that the
paste 157 is distributed in two dimensions across the front side surface 14
through the openings 152 in the mask 150.
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machi nery may be used to cause the electrical contact
paste 157 to be distributed across the front side

wosuof/emes4ld, through the openings 152 in the rRCIKCAH06/002117

Vari ous openi ng shapes and arrangenents may be

enpl oyed in the nmask 150 to distribute the electrica
contact paste in any desired gk$tribution such as
evenly in the two orthogonal diTections, unevenly in
the two orthogonal directions, in an array, in rows

anB‘?:éP[ﬁﬁ?@,r_1i @@agtg%meﬂdmswonomw% V@P_HQ'P% a_F Shigcessive
L1 Soihfd iH%ﬁé,'fBPéxérﬁg%C%"dis‘i 8%%%%1&#&1%%&{&%%&&157 in the
adjacent rows, I'n gaussian distributions in one/or two

di twec tarthogonah diiectionduadross theoviatit ngidan surfaceat4.ndutomated

eBRCBeBh T her CaPY: I BTG AlEeRcah GORIEL RS 157 to be
%Eﬁﬁhté@é&@s@%ﬁehﬁﬁﬁ s‘?’df%ﬁﬁ@éﬁ 94, _tHrB@gHﬁﬁ&_ob’éﬂ_ir{@w 52 in the

c

be separated fromthe surface, |eaving The distributed
elmaskild8l contact paste in separate isolated islands
as shown at 160, for exanple, in the desired pattern
of distribution, i.e., rows and colums, even rows and

C Oy 4iid\$s okb@ﬁif@nshﬁ% and HPAngEentSt MEY e @niplvfed sl the mask

colums, etc. Then, the electrical contact paste 160
i s15ta digtripute thedelzctripabeontaet pasie én apy desired distiidion such as

besverly B it hpoBuBBg R Aredioh8Y irEveh®, 1 8" i osthogonal
undiréctidhyg, iYVien aeaih in rewel gad réotahng ot atdggered erohg0in which

and the back side netallization paste 15 have dr,ied, ,
t haltgraate, ranslie b pesifARS @djagest sPaees behyren  PPeRIRgs In adjacent

16 e. C N 0 N . . S' ) ] -
L5008 U MO Y] RISk e tutins
el peividieg hndocreasingpdestsity fod openiegsdowartose sideaard/or end of the

electrical contacts. in the front side surface 14 and

t hagk O a8y AherAiIgiNoLYgR; on paste 15 is fused into the

back side surface 13. In the enbodi nent shown, this

action is shown generally at 162 in which the
sehfteptiduelestricabcontact paster kas been tdistribateds the maskdl 50 may be

ﬁggc%%%r:a 2 fngﬁmn ag%Lg?a%sgt, ?ealvﬁ;r?g ‘%Wed d%?r%uté& de?ectrical contact paste in
separate isolated islands as shown at 160, for example, in the desired pattern
of distribution, i.e., rows and columns, even rows and columns, uneven rows
and columns, staggered rows and columns, etc.

Then, the electrical contact paste 160 is heated until dry. When the paste 160
is dry, back side metallization paste 15 is applied to an entire back side
surface 13 of the structure 11 and is heated until dry. When both the electrical
contact paste 160 and the back side metallization paste 15 have dried, the
individual portions of electrical contact paste 160 are caused to become
embedded in the front side surface 14 such that the individual portions of
electrical contact paste form respective separate electrical contacts in the
front side surface 14 and the back side metallization paste 15 is fused into the
back side surface 13. In the embodiment shown, this action is shown
generally at 162 in which the semiconductor cell structure 11 with the
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thereon is passed through an oven 164 where it is
heated for a sufficient tinme and at a sufficient

wamoperieddure to permt a small portion of the PCT/CA2006/002117

el ectrical contact paste of each individual portion of

el ectrical contact paste to enter a netallic phase and

di ffuse through the front si deasurface 14 and into the

serri conduct or photovol taic ce” structure beI ow, while
eaving a sufficient portion &nearl all)

e|@§f[flppt6,§1 elestHica¢ copiast Paskn 160 andeDagk §|qu @eﬁﬁ{lé@é'on paste 15
expar&sh Rt a{s.%s? égﬂpughséﬁjs S bAShers it Eh‘?ea?éqgé rd Q?Lmlent time
cont act p s el ect ri cal iT the

contacts
f ramd emanlswftmémctempleratme el petmit calsmalhipadion béithg electrical

in electri cont act th the n e conduct or
NP Pasin oL EROPBUNALR) PoRiabo BIRCHRE! CHOECk Bpsieaia.enter a

f rﬁ@téﬂtdﬂ%pagerﬁrﬂ%ﬁfus'éa&hos ﬁ%é' ﬁ&ht §.eetﬁmack61ha§n@nmo the

el ectrical contact surface fornmed y portl on
el saynicooductoo mhatovabiad e:elleﬂrwotulteh@elm aWhlI@ Ipawgg a suffument
e surface, 14. The ctrica

it s(nBar M oL SeTER! 2ora inrstos ol dheliametalic phase

t hexdoseatat thélgortsiiacerthée 19.m larly, the back side
metallization paste 15 is fused to a back side surface

13 of the sem conductor photovoltaic cell structure 11

| o Bl o PRGBS e YIS R romt i
sfwnfacet 4, tiecalettitahasntactobbingt inléectricabughtashivth the n-type
onpl eted sem conduct or photovoltaic, cell apparatus

1 SeTRiSOPAYCIAT MaAtiak baea hecaCtive sidersuatas rauti sepasate from
ba&@fe%&nt%kfsg*édcﬁaél &ﬂ@élac% a%ﬁl §H9§Qﬂeé?eétHSéledd?n$&%Lﬁrace 37

side e rlca cont ac nprising a sin
| afogaed dyt thet pdrtise df elentical costgut pastteti60 Sethecmeadhjm phase left

POt ek bl SaCefBPB At ol el Satiatscl 6 oS tRi S itenty
';gcssqwéo% c&khhe RBRASIAL WBrfAEE99di ng to a first

di ment o the 1nvention Is produced, as shown
generally at 12 in Figure 3. The apparatus 12

Cogprrmasﬂ?ﬁc’the back side metallization paste 15 is fused to a back side surface
13 of the semiconductor photovoltaic cell structure 11 thereby creating a back
surface field and provides a back side electrical contact 17.

In the embodiment shown, the oven 164 has an outlet 166 through which a
completed semiconductor photovoltaic cell apparatus 12, having a front side
surface 14 with a plurality of separate electrical contacts 16 embedded therein
and a back side electrical contact 17 comprising a single large contact fused
therein is provided.

Semiconductor Photovoltaic Cell Apparatus

As a result of the process shown in Figure 1, a completed semiconductor
photovoltaic cell apparatus according to a first embodiment of the invention is
produced, as shown generally at 12 in Figure 3. The apparatus 12 comprises
a semiconductor photovoltaic cell structure having a front side surface and a
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a sem conductor photovoltaic cell structure having a
front side surface and aback side surface 13 provided

wapor/enpect i ve doped portions 20 and 22 of PCT/CA2006/002117

sem conductor material form ng a photovoltaic junction
23, a plurality of electrical contacts 16 enbedded in
the front side surface 14 of _tﬂ@ respective one of the
portions of sem conductor material. The electrical

C ck{rife crfies. £apueen Py croRefine TR PaRIpHERZ0 and 22 of
e's%‘?rﬁi&bﬁ@.ﬁctéprﬂﬁ@{@ﬂal’“féﬂnihaearSﬁ@t%?b!té’iﬁ RRetieh it:f‘,:a plurality of

portions of sem conductor “material. The apparatu '
f ielecidealaantacts 6 embadded inithectrent side surfacatldcef the reapective

bone g eicttiars bl damictind iy ShaGHial, Jhe pIEFtERR donkfets 16 are
C étAButelan T evb tdimeReiopisr 4dYess GhEi Siifared 14, kBparaged from each
enmbodi nent shown, the electrical contacts 16 of the

cotpeietany draledriealceentagk MithaBiearesrasctiye ene of the portions of

di i j i i r . Si de .

S EFEaYGEton Inbital’ TRTE! BRBARRE SRhE ddfiine, 4 pack side
maséctlio®l cdrmaet 17 on ther badk sitleeswfaet of thad othentoiahs réSpective
are separate fromeach other, although they are .

el RPN G $w@en?e@péanqt%nalr?@ds'arﬁl@vaﬂwaoa act therewith.

phot ovol tai ¢ structure under the front side surface

14. In the enbodi nent shown the electrical contacts 16
arRefdirgtg tcbhbigade dnin the embbdiert shhiwre dhé efectricdl montacts 16 of

0988 ParPidled cRe BHomiieR ‘ol cabrRB S Han TEndistibiibd in two
otdiRen¥Rhd acréSELthenPenitidd SUMESE 18 N eCSkiBEtiSn bBidgEstablished

first direction 30 is uniformand the spacing between
t Hy thenmask st 50hshewn de Eigiaedl .r B eleetrial icontdots 16 are separate

aegdachn, oBGe°REMBR e,  SRcFBciogRefieg 1o e
geRefisbhduadr gotandltdic kirusture ahdentheerdrtt sidwedirface 14.
generally at 36. The contacts are thus arranged in an

array in this enbodinent. Alternatively, other

distki.buti hav i d. by :

i e onbRAmdt Stkche SBEAY EoRGER 18, deliictitited in two

ofortragoaat directianse showntgesiedallysatr 3Giand B2 amy, innhisesamibodiment,

in the first direction 30, in tg,e seconfl di rectign %2 )

orthey are distributed evenly in these two airections. In other words, the spacing
between the contacts in the first direction 30 is uniform and the spacing
between the contacts in the second direction 32 is also uniform. In the
embodiment shown, the contacts are arranged in rows and columns, a first
row being shown generally at 34 and a first column being shown generally at

36. The contacts are thus arranged in an array in this embodiment.

Alternatively, other distributions of contacts may have been laid by the mask
150 shown in Figure 1. For example, the density of contacts on the front side
surface 14 may increase in the first direction 30, in the second direction 32 or
in both directions. Or a gaussian or any other distribution in the first and/or
second directions may be used.
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in both directions. Or a gaussian or any other
distribution in the first and/or second directions may

wamousdoe4 n t he enbodi nent shown, the el ectri ®dT/CA2006/002117

contacts 16 have an el ectrical contact surface 37

havi ng an el ongated rectangul ar shape, having a | ength
38 of between approxi mately Q1§_ mMmto approximtely 2
mnmand a width 40 of between approximately 0.1 mmto 1

S R0 S S OB A A B o
| Surfidee BY eaifig 0T dHdated TBcAGIEF | diidl Mhvirg & length 38 of

aligned in the first orthogonal “direction 30. _
bleetgeneapprioximatelt Odnctmcionappioxireately @hywn cdid ¢ width 40 of

PR abProtifael/ o gl P Fak bR befinEft shawn, each
| BorghECElikacd 37 Malsagdnerhliyh tid Samet lBagthn @@ Width difdesions and

the front side surface 14 to nake el ectri cal '
cisreiiantedin genaralllidhe same dhection ighalinsdtiaitae digst orthogonal

T LT
f1hamtt isi st aparf fom ddcrobtidreclscttiosal cmithcts Howdvereeach contact

they are in fact electrically connected to the .

sthiie i Slegical antad; with dhe nstypgcmgtesiahameglgr the feont side
f i . Se , > ,
Slce 1% HEUPER M LBnBRAGFERRS d BenfEEs Bbovotai
scelbsisuctlicec #1 1Themfdrer whilarihe @hadtriced contaaiedb dppege physically

in the prior art. Referring to Fi 5,
SRBIRINEI PRES bpaies dBMt SBaraees A4 dfainey selpr cell

aspGaand s HEeH f‘a&t td18cHiBd RNt dtihelfo® tBWhe semiconductor

general I'y at’ 50. I'n this enbodi'ment, the seniconductor
phlootovoltaiaicell stuctusg peneatisthesrord eide safacent 4 natonshernse, the

t 12§ [ 3, Wth t t i, th it I
cherapiscts aBbn B el e CHRGEls: AR g ot Shie.ayrace 14
SHIth@CRANTB NG ERAndr frRRF9B I fe BRBIAEt S as shown
in Figure 4. Referring back to Figure 5, in this

enbodi nent, each electrical contact 52 is distributed

e pp a0, 514 SRl HARISR Bl dptard Retoraing

m con ovol
std ucsegandasmboglirdent of thd adeavionliy shown generally at 50. In this

embodiment, the semiconductor photovoltaic cell apparatus is identical to that
shown at 12 in Figure 3, with the exception that it has electrical contacts 52
with circularly shaped contact surfaces 53 instead of rectanguiar contacts as
shown in Figure 4.

Referring back to Figure 5, in this embodiment, each electrical contact 52 is
distributed in the same two orthogonal directions 30 and 32 across the
surface of the semiconductor photovoltaic structure and is distributed evenly
in these two orthogonal directions. Again, the electrical contacts 52 are
arranged in rows and columns, a first row being shown generally at 54 and a
first column being shown generally at 56. Also, in this embodiment, the
electrical contacts 52 are spaced apart by a distance 58 in the first orthogonal
direction and a second distance 60 in the second orthogonal direction 32.
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in these two orthogonal directions. Again, the
el ectrical contacts 52 are arranged in rows and

wamwhuomsees a first row being shown general |y atPCHCs0d6/@02117

first colum being shown generally at 56. Also, in
this enbodi nent, the electrical contacts 52 are spaced
apart by a dlstance 58 in th glrst or t hogonal
direction and a second dlstance 60 in the second

At e 0 G2 Thod Ao B BE U comacts
Hﬁﬁt tsH ﬁfs‘h‘lﬂl}{éé%c?é“s”sotﬁt% fFJFﬁ sﬁd@@&ﬁé&@?ﬁ:ﬂﬂf @\%Féa]s%g density

I'ncreasing density in the first and/or second
dn rtleethrai Guleru) mnemnr@ctnm 30 gmaled2:01 nore eneailytwith constant
or han n densi h 'se tw% directions. As

Kt ‘iyéew?%eai“g"cﬁﬁ?‘éa” 52 has a circular

cont act surface 53, having a dianeter 62 of
dggrom mately 1 millinetre. Again, each electrical
staded, ss_aqrselemﬁ@au@@ntaﬂt 52,bas eopitculardontastisiace £3, having

oh il B A OSrA, aierb RoRfy SRR S iGal qoptact 52

tigembeddekbfh thestrohbsidei surfaceut 4 ahd inrytHeenygss ldyer 20 of the
make el ectrical contacts having circul ar contact
sfrhigerdugar pRotaYSIAIC et siuetEe (1d- Kitpwas @peniggs in the mask

2P0, B83Ehsddln P8 01 hal bl Baed FOMAARS ehochic Crfdbss having
actircwar chmtact zopfaces 88 adlshawarl.udes t he sane

sem conduct or photovoltaic cell structure 11 as shown
in Figure 2 and includes a plurality of rectangul ar

ARG to %rg[%vwssm.dﬁﬁbmrﬁtomta.cdbén bbﬁé!sta%’s bBcording

ogona directions acr oss
ttoe af third esnbledinent acfe thet invention s rshogvidganerally at 70. This

phot ovpl taic cell ructure. hi,s e odi nt, .the
Pttt 8 ey, el sehe s mibdnditisr OREFO B el tfcture 11
r £38hoRASn Higuva 2 andsinelhees agmﬁélﬂi/ lof réétafiduiaR@ontacts, one of
second of which is shown at 76. In this enbodi ment,

twlich inskowpat 2, distiuited énthensanse tva Orthogenakdiecgpos 30 and
RSP R R e et SR8 dRsly ERMARNEe co
sstauutdrer Omv tfiie embodintentgéte tontaltgn2 @eram\rmtdelrya plurality of
Csetgéégllel roE/)vest \éﬁg rI)f (\"/\?hrl](t:ﬁ1 ?st ssholmr/]n tggﬁer%?ljy at 74 and a second of which
is shown at 76. In this embodiment, there are spaces 78 between the contacts
72 of a given row, such as row 74, and the contacts of each row have the
same spacing 78. However, the contacts 72 of the second row 76 are
arranged to align approximately centrally between contacts in the adjacent
row, i.e., the first row 74. This is repeated throughout all rows of contacts such
that the contacts of alternate rows are arranged to lie in positions adjacent
spaces between contacts in adjacent rows. In other words, adjacent rows are
staggered by a distance 79. The dimensions and spacing of the individual
rectangular contacts 72 have the same shape, dimensions and spacing as the
contacts 16 in Figure 4.
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row, i.e., the first row 74. This is repeated
t hroughout all rows of contacts such that the contacts

waoofoozbtiesnate rows are arranged to lie in posiRATo0S2006/002117

adj acent spaces between contacts in adjacent rows. In
ot her words, adjacent rows are staggered by a distance
79. The di mensions and spacig ?_of t he indivi dua
rectangul ar contacts 72 have the sane shape,
nsi ons_and aC|n as the c acts.16 Fi gure

Rl B0 nEtite 7 qusamicondug iTBhaRBIs ShSrbebiT arparatus
%ebbro%g Wta%ﬁrtﬂpé]ﬁbé&%rﬂccﬁ%é'|H\ﬂer¢ti@>naisf§HHvW generally at 80.

nbodi nent of the invention is shown generall

ﬂfe apparatuau 808y this tem@cbrnbotjnmnmnlarst%thﬁt|Qirth90emhadlment

f th di d E

t%ﬁaw“?e%ce ARSYVY, (B Fig el ipdRgL R fiklads Gorlinéid 2 fitat aPe arranged
ﬁﬂ%“e@dd fr@W% oﬂeeofov‘/vmdhl Bhshewis 0V84 ahd84 se@dnd@ of which is

second of WhIC is shown at 86, such that the contacts

shownt atr 86, sughoiat dhe contasiy«d atiemate owspwsi airanged to lie in
%@%ﬂ:‘bﬂ@tad?&@?%g %acggN%{]{:ﬁﬁtgﬁtys ngi aaojé@é‘rﬁ%m/ OE‘ﬁhermse the

erwi se N"Tow s
koptiacts B av aryhgiveaneve hskpavn o rrEigeieo7s hawvsl taaasamg shape,
as the contacts 52 shown in Figure 5. Referrlng to
ﬁ"@@?‘%’@n%a&ﬁépéclngt%tr@o%@%@ts%@r%%' NJFIgHIRS.
el ectrical contacts nmay have a star shape such as
shown at 81 in Figure 8 an x shape as shown at 83 in
Rajemmgoto, Figures B m’ucher, tole Tontatt suafpees lodtthe wlectrical contacts
surrounded,on all es ace,, i nsul ator

B BRYRIBGES 33 Shoith opeT i HOWE 8, a8 ineses shown
%@'89% dre'd)ick ah fdﬁﬁér‘ dihifed éﬂa@)\értﬁatl@ sufrounded on all sides by
sem conduct or pho ovol taic cell apparatus according to
anyoidf spheeajstitaiou o seddsenduntor batwaeyuiteand thémexymearest
7 tbe made into a "solar cell unit" and connectabl e
tC8rnrg¥? ‘el ectrical circuit by securing a first el ectrode
such as shown at 92 to the front side surface 14 to
contact the electrical contacts 72 and by securing a
Solaifdelb st r ode 93 to the back side el ectrical

HREAfHG tbFigure 10, a semiconductor photovoltaic cell apparatus according

to any of the apparatuses described in Figures 3 through 7 may be made into
a “solar cell unit” and connectable to an electrical circuit by securing a first
electrode such as shown at 92 to the front side surface 14 to contact the
electrical contacts 72 and by securing a second electrode 93 to the back side
electrical contact 17.

In the embodiment shown in Figure 10, the first electrode 92 comprises an
electrically insulating optically transparent film 94 having a surface 96 and an
adhesive layer 98 on the surface. The electrode 92 further includes at least
one electrical conductor 100 embedded into the adhesive layer 98 and having
a conductor surface 102 protruding from the adhesive layer. An alloy 104 is
used to bond the electrical conductor 100 to at least some of the electrical
contacts 72 such that current collected from the semiconductor photovoltaic
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In the enbodi nent shown in Figure 10, the first
el ectrode 92 conprises an electrically insulating

woopbhi/eabddy transparent film 94 having a surfacCT96ANE002117

an adhesive |l ayer 98 on the surface. The el ectrode 92

further includes at |east one electrical conductor 100

enbedded i nto the adhesive Ig yer 98 and having a

conduct or surface 102 protru |ng fromthe adhesive
d_the, el ect

el iapae oo ohe: SetEa S chiagR fincOBEeEd | b e electrical

¢ORHass. 72 such that current collected fromthe
sem conduct or photovol tai ccell apparatus by the
el ectrical contacts is gathered by the electrical

SR B BiritopirhBnt tiTiafe ATeg bonfmitne aléotfia HoniB R 30 to at
ebastt sdraal ofc et é(ﬁc&irldm)k;drm&dtydﬂa? inBluaei &l mhteial MBAt By be
heated to solidify and electrically bond and connect

heated i eplid abe rietieallyibond @nd Wme@lt itihe edgctrical conductor
q
3 ggftbrd ﬁl@lral éﬁ gfgztc ?afcbﬁ‘ta@t in %ggwa?hg%g@ﬁnp%{gp@ acoating

of sur ace
$deeoondEcmmsaﬁé6e1OBekwb&ahmmﬁe 92 includes a
plurality of conductors including conductor 100 and
conductors 112, 114 and 116. The conductors 100, 112,

o] aﬁ?\ﬁ I]’IGFI@[J% 100 i ezefcﬁmdéfﬁﬂél dbé ﬁ gRHBht&/rbf conductors

spafed apart ation on th sive
aficludiegetaaciuctoel G0 ahdtdondsptors g 2¢ drlneamnb ndéngd mocmrittuctors

[ f dj | ,
00139 a0 1957 R i BB EBRORITY B F it Ryl spaced
Hpat rélafos eoh CORAuheSive e ldyeRPORRE Usiedifodd Nwith f @&t spacing

therefore, in this enbodi nent the electrical contacts
mrrasgoadlngﬁgéﬂe |Sﬁa¢l0@s783ri©|r exampies batweerhadjacent ealdmns 36,

T5 1 3 128 4 ot P 308 HER! RECHSHES 180t e

isehftormduciorcelt Bpparaien 12hen @ffé@tt ihedsiotss inRRls @Mbbaiment the
the front side surface 14 of the sem conductor cell

&dﬁ%ml@nﬁsts 7Rare|asangeddn rewsdanst eplymasandthepieaisede 92
r%egl/déﬁ@lrémmf’%%e% ric% Ebﬁ%ctB@ji %tﬁ 241424 116 arranged

res ectl

in paralle!l spaced apart relation such that when the electrode is applied to the
front side surface 14 of the semiconductor cell apparatus 12, the electrical
conductors are in contact with a plurality of electrical contacts 72 in a

respective column 36, 118, 120 and 122.

Initially, the first electrode 92 may be curled as shown in Figure 10 to align a
rear edge 106 of the electrode with a rear edge 108 of the semiconductor cell
apparatus 12 and then the fiim 94, with its adhesive layer 98 with the
conductors 100, 112, 114 and 116 embedded therein, may be pressed
downwardly onto the front side surface 14 of the semiconductor cell apparatus
12 to roll out the electrode 92 and secure the adhesive fayer to the front side
surface 14, such that the electrical conductors 100, 112, 114 and 116 come
into contact with successive electrical contacts 72 of respective columns of
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Initially, the first electrode 92 may be curled as
shown in Figure 10 to align a rear edge 106 of the

weetoeroTiodle With a rear edge 108 of the sem cormeA2006/002117

cell apparatus 12 and then the film94, with its

adhesive layer 98 with the conductors 100, 112, 114
and 116 enbedded therein, % be pressed dovvnvvardly
onto the front side surface 2 of the sem conduct or

12 t h |.ect 9
Sontacl Balvean s toa” pife 1 oBbrthe SeRufinditia o fhiegure and a
gtﬂ)gt %&Jﬂ%@ ﬁh%f thé 8e M @IJUCER profsVdNaicCaSpakafs. 112, 114

cone into contact vvlth successi ve el ectri cal
cont acts 72 of respective colums ofcontacts between

th 108 of ' d [] t

Bridtiebh M i el 106 of BB, GR elieliftie 52 Had bhvloraAaitn a
@@ﬁﬂhahdssldé\bﬁgénﬁm vethe sbfcaremictordas é&ﬁarﬁfust 12 and rolled
first electrode 92 nmay be aligned with a right hand

Sut acesgethefronirside sutace dérmabecﬁermeond@qipaﬁau appamtus in a
?ﬁ‘éjnr{e‘?'é SR th%%{o‘@%g tdg fobO“HZSH’Z? ﬁzﬁgﬁf @g%&éﬁtg% p[Lﬂglity of

sem con UCt or arat us I n r su

efsutiicd] @ontadddd 7254 2 rebﬂ;écweirol/\lﬁf elzetrival cantalcty 22 ionythe front
of electrical contacts 72 in a respective row of

Sldecsuriace 14 ghihgcsamigongductoneel apparatysyt2.sur f ace 14 of

t he sem conductor cell apparatus 12. In the enbodi nent
shown, the electrical conductors 100, 112, 114 and 116
drx ttiedn e nintmydtime nt Istaowpt themelectiicad copduetors fi00M192, dnd and 116

AriCORL e o Ptal MDAt fita HATARA af ferBhrategin Contact
WIRPESMNTIH bﬂ@ﬁoﬁ eWvAichm&y beesrhéd oﬁ%té‘hé Fdlln 3Liéh as copper,

constructions of the first’ el ectrode 9
dtexampelef r om appl i cant' s Internatlonal Patent
Application published under International Publication
Nunber WO 2004/ 021 455A1 , which is incorporated

IFeiitien delailsedfejereedl. andh altseaen doRstasdtiond &f IRe ifipst electrode 92
simlar to the first electrode 92 in all respects and

My Betotiainedr fpmt gprlicanhs Iat@m@tlcmt cﬁateletdApphcatlon published

gbgﬁfe d‘t?r@apﬁﬁéal Lﬂi{llggﬁt%gf RERiet ace db@d{%' A19"Ghich s

incorporated herein by reference.

The second electrode 93 is similar to the first electrode 92 in all respects and
in fact a plurality of the above described first electrodes may be pre-
manufactured and individual ones applied to the front side surface 14 or back
side electrical contact 17 as desired. It should be noted however that the
second electrode 93 need not be optically transparent like the first electrode
since the back side is not intended to receive light.

The back side electrical contact 17 has no rows of contacts, but rather is a
single flat planar contact extending across the entire back side surface 13 of
the semiconductor cell structure. The conductors 100, 112, 114 and 116 of
the second electrode 93 are prepared with the low melting point alloy paste
and the electrode 93 is adhesively secured to the back side electrical contact
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side electrical contact 17 as desired. It should be
not ed however that the second el ectrode 93 need not be

wwoi/eabédy transparent |ike the first el ectrodeR¢amne6/002117

the back side is not intended to receive light. The
back side electrical contact 17 has no rows of

contacts, but rather is a si_g 1e flat planar contact
extendi ng across the entire back side surface 13 of

195 ThSERE BremsiifiarSibbfiiscinaraPls i fie condictors to

ﬂi@@é‘él@&d@"élébth@ﬁ doPtadtaiZtwhéEn Baffitiend INeutepst e and
the el ectrode 93 is adhesively secured to the back

side electrical contactl1l7 such that the low nelting

AR Eidsde MRS oo B ebRcas B Bt Aobing 10 e back

BRI Sdctribal sbvabt 17 sucauhgt 4 bus 951€hé‘r§§DWﬂI IR} agfacedethe rear
93 may be applied to the back side electrical contact

erioe 108 afiiae Samicandystangalcaaparaius 13 whike Jﬂm;bm 10R of the first

Bfetigte BdcRid diatail (MR e, 0P BRAL SN IEDABetor col

agpacend 1Rhahlg petmitsigdjataat eblar h:euﬁmomreduotm comhécted in
arafus 12. This permts adjacent sol ar cel
SBhgs  lfoexanplbe Smihe BYe lAGHICE dhes adpePrbiargach, other and

EIIWHQ t%tlﬂ.lsalgzt BBs B5dM g?'la OE?%{%C?W fsﬁﬁ‘ﬁcfbr@d&ﬁfr Atructures to

ow ng ars 9 ad] acent
seeilap addt bthercial dorgactwtrueach otheover | ap each ot her,
in contact with each other. After the first el ectrode
92 is laid on top of the front side surface 14 such

Rt the Brst @MEbder 92 KORid éMop H%@ﬂ@nﬂé@e%‘ﬂﬁa@@tm such that

respective colums 36, 118, and 122 of contacts
the ceaducme&rboa 1&2}d1141@n§1et1ﬁ1@03t8@¢:tf6m@h96 ¢adumas 36, 118,

930,06, 12851 SOHBoRL 12 o 6 bt ASHAAA B8 e

bA tﬂwmalaaagﬂé emtndalnaéortta@t hew the! tesrmﬁmgola@baﬁdth@ymay be
associated with the first el ectrode 92 is caused

fRgarded asoan asremlIndlbei srpesbly d%é@eﬁthaé%é@Fhv@at the low
’ oo St
SR B 5380 ikt e S ot Sal i causgg o et
bbrdtihé cahductimgesiirtaced df sesphemtivve |coaUU§ttowm090112 14 and 116
}?ctr i cal coné ts to the electri c?l

he first electro 2 to contact surfaces respective rows of electrical
contacts 72 to electrically connect the electrical contacts to the electrical
conductors and to cause the low melting point alloy associated with the
second electrode 93 to bond the conducting surfaces of respective conductors
to the back side electrical contact 17, to permit the electrical conductors to
pass current through the solar cell through the electrical contacts. Once the
low melting point alloy has completed this bonding, a completed solar cell as
shown at 10 in Figure 11 ready to be used in an electrical circuit and has thus

been produced.

A solar cell produced as described above may provide several advantages.
Due to the reduced area occupied by the electrical contacts in the front side
surface, there is less shading of the p-n junction which can cause as much as
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conductors and to cause the low nelting point alloy
associ ated with the second el ectrode 93 to bond the

wamndeabéang surfaces of respective conduct or s RGI/€CA2806/002117

back side electrical contact 17, to permt the

el ectrical conductors to pass current through the

sol ar cell through the el ect Hcal contacts. Once the
IOM/nEIt|ng poi nt all oy has conpleted thls bondi ng, a

BTt St Plecki Evett I ARSe thioudh tikoSoldt Bl hE3ASN, as
mé}@q f&ks éfe%oc%éi‘fugféﬂ by %&QME%@énG’%bh@l@@uﬁH@é’ GeldPirea is

provi e severa vant ages. he reduced area
oot infeedpted bweul\fgréaimmlmmm fmgetsadhe c|eH camegénesate givpiage of

W b 3 2 TGS 0 ORR RO 118,  SVBrRl dnbsd wpoBects may
'iribr@éé‘é‘ thd efritddhdynsr &1l 3b1af @ell-byl Op a8 0-18%. ﬁjrﬂhhﬁh@re the

is less area occupied by netallizati on and the back
preduationf cestd ofr ealar scaiist of e tyRpidegcrped are lower than with

SNt Sty ShR 54 ke A i Te FEREIoRhE pf giver is used

@y foradihg tbeetd. wo ef fects may increase the efficiency
of the solar cell by up to 10-15% Furthernore, the

production costs of solar cells of the type described

.| QO 1 h nij.onal ak I e
Ul YR SRR e ey DaSE BeRoGalisBed and
dhstratdds. s\ﬁblnl embodiméns ahbaldi neEnt considdrbd illmstratn'/e)nof the
have been descri bed nd illustrated, such enbo

dmeantigngRnly bet a8 ﬁm'tlﬁ%tﬂﬂ%\t'“‘(ﬁé‘ on %&Of‘ﬁ%?ﬁ ‘%@CCOTda”CG
Wth%“éi:c@ﬁ’i ﬁﬁ“ | Jhid1g the invention as construed in

accor ance\ﬂ tthe acconpanying clains. Wat is

clainmed is: 1. A photovoltaic apparatus conprising: a

sem conduct or photovoltaic cell structure having a

front side surface and a back side surface provi ded by

respectively doped portions of sem conductor materi al

form ng a photovol taic junction;



10

15

20

25

30

a plurality of electrical contacts enbedded in said
front surface of a respective one of said portion of

wosmni/eanduct or material, said electrical cont atBCAm®I6IeN2117

distributed in two di mensions across said surface and
separated from each other and in electrical contact
with said respective one of sa4 portions of

sem conductor material; and a Dback side electrical
captact on.said back side surface of the other of said
r;@b@gﬁgg"&? iBons of seniconductor material and in
el ectrical contact therewith. 2 . The photovoltaic
apparatus of claim1 wherein said electrical contacts
are di A photavetiaicrappasatostdeopising:di r ect i ons acr oss
said surface. 3 . The photovoltaic apparatus of claim
2 wherein said electrical contacts are distributed

evenly in sai defiSoriuckgsatbyaitdie Eell Otfuctdre: hdWig a front side
phot ovol tai c apparatus of claim1l wherein said

el ectri cal agetandha dagksigrysdrface providedhby respentively doped

Bloccrical Gt cobrestiebidhe HeRNL"GiRide, anmpotpvotaic

The phot ojahétiore apparatus of claimb5 wherein
contacts of alternate rows are arranged to lie in
positi ons adj acent spaces between contacts in adjacent

rows. 7. The EH}(?)%I?(V;E%fgﬁééﬁgg@p@drﬂ{aéﬁoéﬂ\b%{l@é@r}sé‘li'aeﬁ'&%tnsurface

general ly eac rical ¢ acts has

cont act sur faice réspaotige gareiohlsayd portioal of eemacahductort material,
si de surface and ogﬁragl e to be connected to a

conductor. &2 Hlepiisabrontagts being distibuiad dnaiwe 7dimensions
wherein sai h¢8d agid %Hrfa‘%%eﬁhéss%?é}ﬁfé‘?f #ohY each other and in
9 The ot ov 0

rect angul ar shape. . p tal c apparatus
cl ai m 7 wheral¢ctrieali dontant adth saidf mwspebtie angeofesaid portions of

ci rcul ar shape.. .
s%mlconductor material; and

a back side electrical contact on said back side surface of the
other of said respective portions of semiconductor material and
in electrical contact therewith.

2. The photovoltaic apparatus of claim 1 wherein said electrical contacts
are distributed in two orthogonal directions across said surface.

3. The photovoltaic apparatus of claim 2 wherein said electrical contacts
are distributed evenly in said two orthogonal directions.

4. The photovoltaic apparatus of claim 1 wherein said electrical contacts
are arranged in an array.

5. The photovoltaic apparatus of claim 1 wherein said electrical contacts
are arranged in rows and columns.
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10. The photovol tai c apparatus of claim7 wherein said
contact surface has a star shape. 11. A solar cell
WpA0EDMSs conprising the photovoltaic appar atReI/©£2006/002117
claim1 and further conprising a first electrode for
contacting said electrical contacts, said el ectrode
conprising an electrically insydating optically
transparent film having a surface, an adhesive |ayer

on. sai
cgbwuct

| east one el ectrical

f.said fil ] _
T ohdiielaic Abbaries Shai 5 WhgEn Ganans olcattermate

a condughRraraWr elﬁfg%d%q / ngidbﬂiJﬁsoifHéécfaérrﬁC@%E% ibéﬁ/g?%r} contacts

| ayer,
to at

and an all oy bonding sald e condu

lin@sijacentrows. said el ectrical contacts such that

current collected fromsaid solar cell by said
el ectrical contacts is gathered by said electrical

canductmie phatovdhai | 6 ARRRM2IWM ' i
wher ei n sealpd &Vectlff%ﬁaﬁrggﬁd%ﬁgr i's Cg;}ég@(&@gg'rétngl%ach of said

conmon aiegiricalontaeds hiasa coyact sysiswedaciag@enerallymdrinal to said

and collAm e o 8 oBaME o BaltdRIHT csohglbidh

and col

plurality of electrical conductors arranged in
paral l el spaced apart relation and wherein said
el&ct ri ha Phelrveltaie epraraius af elgim Fcwheaim saidggantastisugface has

of sai dé1 qéﬁ&r%ng?é;ég?ggmég%gpén a respective row or

col umm.

apparatus of claim13

wherein each of said electrical conductors is
nect_ﬁgeto a common bus. 15. The sol ar cell

C
a&gar at

el ectr qdgehdtn

Il
contact, “sal d secon

Bhoteveliaic apparatus ef Clalifd: WBetein saiggasact surface has
yeﬁ&@]gF §Ifl‘%>e?ai d back side electrical
e

ctrode conprising a second

electrically insulating filmhaving a second surface,

eCo

oJd

ond

LR A ST K

enbeddegdstapsRapdie second adhesive |ayer and having a
second conductor surface

11.

12.

13.

A solar cell apparatus comprising the photovoltaic apparatus of claim 1
and further comprising a first electrode for contacting said electrical
contacts, said electrode comprising an electrically insulating optically
transparent film having a surface, an adhesive layer on said surface of
said film, at least one electrical conductor embedded into the adhesive
layer and having a conductor surface protruding from said adhesive
layer, and an alloy bonding said electrical conductor to at least some of
said electrical contacts such that current collected from said solar cell

by said electrical contacts is gathered by said electrical conductor.

The solar cell apparatus of claim 11 wherein said electrical conductor is
connected to a common bus.

The solar cell apparatus of claim 11 wherein said electrical contacts
are arranged in rows and columns and wherein said electrode
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protruding fromsaid second adhesive |ayer, and a
second al |l oy bondi ng said second el ectrical conductor

wa mwowrailodedback side el ectrical contact such thatCTOA20e61002117

received at said solar cell from said back side
electrical contact is provided by said electrical
conductor. 16. A process for nﬂ(l ng the photovoltaic
apparatus of claim1, the process conprising:
distributing a plurali indjvidual portions of

[ . f .
el ect ri CHMPEHH fctplﬁﬁrgg{ye q?nel@ﬁH'Cé RORSIUBISES afraRaeds 4ngparallel
front sd u iohal ] 3010 .
cell sﬁﬁl??tegr géggﬁg%gﬁs?ﬁgsgglé%qr%gﬁ/%réﬁjdgﬁ@&dorﬁ&éﬁg&s are in
of el eckantaeti witv atplaraliyast said @lémtteateontantsided respective row or
front sj urface such that said individual portions
of el ec#qqﬁ?@!}l contact paste formrespective separate
el ectrical contacts in said front side surface;

andform ng said back side electrical contact on said .
bat4 si the solar el apparatyse op ctaiess $3 ovheriein wath ofnsaidi electrical

distri bébtn' ) f Nt i d individual
portions gﬂgteqqgﬁg)% cilaiﬁbtéfz)%h({]éggﬁﬂﬁg? g.ugh sai d front
side surface. 18. The process of claim 17 wherein

[ rises screen printing. 19. The process of

I nt co _ e
f:) Hg mI T@"W &fj pelhiapnaraiusi al clalmpil s Butherseompusingga second
id i nglhomi ' ; t L. act st e,
o oA, ShoURR 46 e GREN AEA K secona
The pr clectrodsf cohgirisinkp avsecond elestricaliytinddategiims ®aving a
distributing sajd individual For_ti ons of electrical
cont actseﬁggaes%{?@ﬁi Na ?ﬁcgﬁéd RV riayRigeRAaid second surface of
di r ect isaR$ seédnd fiWﬁ?aP!ég‘s?%ﬂe%eéHn@' @elgicmqgfjﬁ&lgcto[ embedded
di stributing conprises distributing sard rndrvidua
por t i ontodhe slesond iadhesiverayert anrhbaengma secomd eohdud®or surface

) ' [ istriputing conprises
gihgt P[gﬁ&?@gﬂé afr'aﬁﬁ' rgall s\’\énc%rn Irz]idﬂleglve B:lyer, %nd gp second alloy
bonding said second electrical conductor to said back side electrical
contact such that current received at said solar cell from said back side

electrical contact is provided by said electrical conductor.

16. A process for making the photovoltaic apparatus of claim 1, the
process comprising:

distributing a plurality of individual portions of electrical contact
paste in two dimensions across said front side surface of said
semiconductor photovoltaic cell structure; and

causing said individual portions of electrical contact paste to
become embedded in said front side surface such that said
individual portions of electrical contact paste form respective
separate electrical contacts in said front side surface; and
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i ndi vi dual portions of electrical contact paste in

rows and colums. 23. The process of claim 22 wherein
wQioet/071best i ng conpri ses causing said indi vi duaCT/CA2006/002117

portions of electrical contact paste in alternate rows

to lie in positions adjacent spaces between contacts

in adj acent rows. 24. The proggess of claim 16 wherein

causi ng said individual portions of electrical contact

paste to begone enbedded. conprises. heati said . :
Cam conduct BTGV 45K SEB) PISHIGH Giagh o Safback side
portions of ggkged.rical contact paste thereon for a

sufficient time and at a sufficient tenperature to
permt at |east sone of said electrical contact paste

o7

cont act pas

Tpe Bthtess Bt chifn 48 ufitralit EiEL e, GRbESSs BRtiRg said

front Rigiledsal'doricehPoiklbbirieal dehtagt pdst offsaid front side surface.
senm conductor nmaterial below the front side surface

whil e | eaving a sufficient portion of electrical

IP1 acInBrbdes o dnFY e iBH o Torisie el Ao,

said separate electrical contact so forned. 25. A
process for form ng? a solar cell apparatus, the
tngp

pi 8cesdhe pipress of ¢

conpri
first

! . @5%199"6@&‘9 igptri '@!FQTPQ@_W_Q?\? distributing said
didudi2¥oPbrt fd" Sledttieit COARCE OPRLES iNInid  orthogonal
ele ? trcalTy tr

ctrically 1nsul ating op anspar ent

fil m hdirectipres ddross saidreesface. | ayer in which at | east

one first electrical conductor is enbedded such that a

first conducting surface thereof, bearing a first

20 ¢ LGnE MBS il 19 Winer O dIB¥iblLih POMBIises UBtributing said

first woociddeali pgriianst of ecleotvicatteondagil paste teyeoly dmai shid two

el ectri ﬁﬁl co%t Ctﬁ formed in said sem conduct or
qpnadecte

phot ov8

PRicture front side surface; and

causing said first lownelting point alloy to nelt to

bond said first conductin

surface to said plurality

oRlel edheipracessodftciains16 @v%\erein distributing comprises distributing said

22,

23.

24.

individual portions of electrical contact paste in an array.

The process of claim 16 wherein distributing comprises distributing said
individual portions of electrical contact paste in rows and columns.

The process of claim 22 wherein distributing comprises causing said
individual portions of electrical contact paste in alternate rows to lie in
positions adjacent spaces between contacts in adjacent rows.

The process of claim 16 wherein causing said individual portions of
electrical contact paste to become embedded comprises heating said
semiconductor photovoltaic cell structure with said portions of electrical
contact paste thereon for a sufficient time and at a sufficient
temperature to permit at least some of said electrical contact paste of
each individual portion of electrical contact paste to enter a metallic
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electrically connect said electrical contacts to said
first electrical conductor to permt said first

woetoetondeal conductor to draw current from saiRCTEQAZNG6/002117

cell apparatus through said first electrical contacts.
26. The process of claim25 further conprising
connecting said at | east one _ghectrical conductor to a
bus. 27. The process of claim25 wherein said

el ectrical cont rran and col

i wheidie S uRfise Blalshisad A5t SBe'Maed e ifte e ortion of
el ect ré@rﬂlcoﬁ@ﬂé%‘itrﬁéﬁer@! 'b%ﬂﬂ/@%é Wrd}ﬁr%é%urﬁd%cﬁ/ﬁne leaving a
apart rel ati on and wherein said electrode is on

sai d fsufficiest E@rt@nrdfaad@tsmlrcqntm:tt paateniel tbetmetaﬂic phase at said

conductor, i s act th a I ity

cloctr e SHishsFRES Y 2% o B bttt el recgeot saio
The pr ggssratedélettrRaNt@nabisd ffpmedonpPr i si ng connecting

each of said electrical conductors to a conmmon bus.

29. The process of claim25 further conprl sing: laying

280 SRmEeRss IR 810 o8 SRRARILE fE biotdss omprising
whi ch the preasss ohaamecleﬁdnﬁére@dmpﬂahgconduct or is

enbedded such that a second conducting surface
thereof, bearing a second coating conprising a second

| ow mel ti ngpy gmgn ﬁ’r% ed?fo?iterggrﬁérigihgn& itk e%ﬁﬁ%ﬂy insulating

adhesi ve | ayer at sai d sécond conduct
surface co no;amnzﬂlyslansphmrk fitm dhavirigea first (adhesmetlaym in which at

Structure DABR! ShBET FIPacenl SHBLSIGIdS RyTesiipcsusythat a first

| ow nel ti ngchideting! dupbackanBRIGH, Bé’aﬁ&fg fired Soa?tﬁfgoé‘&npnsmg a

conducting surface to sai d back side electrical
contact to #iskéaw inelting poimralloy pratrddeadionsisaed adhesive layer,

el ectrical cont d secand eI ctric con

to permt sgll' @\%&8%‘9 fﬁg{ %ﬁ@ﬁ@?&# age cofifiots 8BS of said
electrical contacts formed in said semiconductor photovoltaic
cell structure front side surface; and

causing said first low melting point alloy to melt to bond said first
conducting surface to said plurality of electrical contacts to
electrically connect said electrical contacts to said first electrical
conductor to permit said first electrical conductor to draw current
from said solar cell apparatus through said first electrical
contacts.

26. The process of claim 25 further comprising connecting said at least one
electrical conductor to a bus.

27.  The process of claim 25 wherein said electrical contacts are arranged
in rows and columns and wherein said electrode comprises a plurality
of electrical conductors arranged in parallel spaced apart relation and
wherein said electrode is laid on said front side surface such that each
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supply current to said solar cell apparatus through
sai d back side electrical contact.
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electrical conductor is in contact with a plurality of said electrical

contacts in a respective row or column.

28. The process of claim 27 further comprising connecting each of said

electrical conductors to a common bus.

29. The process of claim 25 further comprising:

laying a second electrode comprising a second electrically
insulating film having a second adhesive layer in which at least
one second electrical conductor is embedded such that a
second conducting surface thereof, bearing a second coating
comprising a second low melting point alloy protrudes from said
second adhesive layer, such that said second conducting
surface contacts said back side electrical contact formed on said
semiconductor photovoltaic cell structure back side surface; and

causing said second low melting point alloy to melt to bond said
second conducting surface to said back side electrical contact to
electrically connect said back side electrical contact to said
second electrical conductor to permit said electrical conductor to
supply current to said solar cell apparatus through said back
side electrical contact.



