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METHOD OF MANUFACTURI NG A PHOTOVOLTAI C COVPOUND

SEM CONDUCTOR PRI NTI NG SOLUTI ON TO PRODUCE SOLAR CELLS
WERBRAWDEBIAPPLI CATI ONS Thi s application cl ai ns POECA2009/000165

benefit of United States Provisional Patent

Application No 61/026,642 filed February 6, 2008 FI ELD

OF THE | NVENTI ON The invention relates to solai cells,

and nore paiticularly, to methods of pioducng sol ar

Cﬁl |ME$@1@WM| _ HR@FJWRMWPENT/@\S@LEAIC(ﬂ(l)M(FIOUND

phot ovol taic ce i s a device t C r

P rREICoNBy Gk PRy S i o B i SOLAR crp LS

Assenblies of these cells are often used to make sol ar

REPANED APPSOt &TIOREIUl es, or photovoltaic arrays Sol ar

cells are generally classified into two different
T e S b S hh S bl A Bcaion o
61/Gey3b &ddi merugtyl d, comk. cel I's (wafer silicon) that have a

| ai ge-area, and are high quality, single junction

devi ces n re of these solar cells is costly and
I”EﬁgﬂynggwgVﬁgﬁgéﬁlabour i nput however, these solar
cells have a relatively high energy conversion, at

Thd i@asitioakoius 1@0%erThies, setiand pgeinendy, itomehbdsdlparduciel bgar cells.
are thin-filmsolar cells that install one or nore

i r ' ' of photovoltaic naterial onto
BAgﬁgﬁﬁg®¥§§ﬁwﬁ%€y@g%$#gﬁint photovoltaic materials are
deposi ted using various deposition nmethods on a
A svar bl o obtosolbst cdlties dEnicnthhi ¢amvertl @ifar cedry inge electricity using the

usual | teqori zed i di t :
PRRE B A Ol e afl et L R Loy e tay pnels soe

mo%ﬂ&@&fr prdeivonaig a4 m Sedresdlidearé GleBerally @48S)ied into two different
e-sensitjzed solar ce SC oi, | ticul ,

CaqERRF FRRRUF PG R s el 1he RS O solas cells ar
crydeMhd §iliBarS ks C QR RBLBOG) Shitade tiolah@\eeal @@ hreeRigh giality, single
~“conversion efficiency and are costly to nanufac%ure gn :
jungfimnedesices. WMapupgwafoadhase poly %%‘Pri%%ﬂ%éhé%n‘feq%?sa% %8¢ fagour nput

ho&é%%e&é@&&é&ﬁ% ninat reqart‘i@.élgl h%%@%@dcoﬁﬁéni&grhq%‘étoibout 20%. The

rane and el ectrode | ayers havé uniformthickness, :
secendsgroottionsefisplaces]ls arvdhingdi splanpls gt instaflensi o pageghppayers (thin

ﬁlmasﬂ_rp(])?r %Qt%?ol%%c rt‘n?t%ri%l (?n(fcg raosq{lgstla?eyef\/la%g cﬁﬁ&ﬁtﬁ%%&@ft:ﬁc Akrials are
| | ( ve [1gnht ransm ttance, decrease sheet resistance

depasittdiusiag ease:s tdagosploo tnotiurds enta veficty o€ swheirhted. fThinhigmesodar esells are
usually categorized according to the photovoltaic material used, for example: cadmium telluride
(CdTe), copper indium gallium selenide (CIS or CIGS), dye-sensitized solar cell (DSC), or, in
particular, thin-film silicon (TF-Si). Solar cells made from thin-film silicon materials tend to

have lower energy conversion efficiency and are costly to manufacture.

In general, when manufacturing semiconductor solar cells, it is important that their compound
semiconductor membrane and electrode layers have uniform thickness, a smooth surface, and
lack pinholes to facilitate the adherence of the electrode layer to the substrate and improve light
transmittance, decrease sheet resistance and increase the photocurrent of the cell. If there are
pinholes in the semiconductor membrane and electrode layers, the pinholes may cause internal

short circuits or current leakage, decreasing the solar cell performance.
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pi nhol es in the sem conductor nenbrane and el ectrode

| ayers, the pinholes nmay cause internal short circuits
w@eoogi9Toent | eakage, decreasing the sol ar cel | PCT/CA2009/000165

per f ormanceOne commonly used net hod of constructing

solar cells is to use a screen-printing process

Scieen-ppnting is well known and is sinply the process
On@forS@a e 2oy mathol lif QUgiruatiBesdlR Scelf 1TRS IkeSC k@eSpromihg process.

a substrate, such as Iasg/ | ass, . textil es [

i

Sm@fﬁ@amtn%tsa\ye Elzﬂvxw angt ?ﬁeés (éf sgpieezing ik ﬂyl‘lotl?gfll 4 series of

meshGERER-dRId Nubkiehtd, Sudhh@blaktic, GRS, &Qtlapmm}@dvdbﬂ akinsbrk, etc. One
any type of material The screen is enerall% flod ?eﬂ
Ne SCrecn

advpIHRgs It RCTECRTBEIBS & D At 3 B GPRIEE on BINGS YTV R

is gQREDly ?1 &ﬁﬁ&ﬁﬂroﬂ%@a fabds ﬁplmcﬁ%se‘@ﬂm P B fehgS ‘éh@ra LRkh § a dark
wel e first deve fed in the earl ?O s and aie

roowo FangeH-priniecedlar geltseyare st qieaplomsidﬂ éwcﬂat %l ¥ Grpad peegcommonly used
F Eyﬁgx E | NVENTI ON A new sol ai cell and
n tel%%fgti%‘alczp% MEnU a%% éujrl ng a solar cell formng an active
photovol tai ¢ (PV) sem conductor |ayei between two
BREFHIMMNER Rl TAlBpBSVENV@Nand a negative el ectrode
| ayer is provided One exenplary enbodi ment is directed
A nb® sBlaPORt AU PhdtiR G rHEIL GONAME S OtarSRlI Ubin@Ry &ORGRRE PhAiBvoRkic (PV)
| east an eqi unolar m xture of cadmum telluriu
sengavlnﬁuqm aveel bEtgeruio preopiihesnadgl Bsbive fpdR “eéf‘éerBcr??ﬁCtrOde layer is
pm%gé%n in an organic solvent, strontiumtitanate, and a
nol ecul ar wei ght polyner The photovol taic
sen1conductor sol ution provides charged free el ectrons
Onmﬁwapbbi@é@ﬁbﬁﬂ@ﬁ8¢ﬁﬁﬁﬂtq@ph%@W%%@ﬁ6W6PW§PE“SowhonComP““Hga‘
leas? S:ﬁ“e@%gde I:n(?){tur%%lf ldgdn%ﬂrl/'\fé‘ﬂhmﬁ &ﬁﬁﬁﬂjgrﬁf Md%ﬂp%gdp@%ﬂé 1y§0 flux;
to a solar ce conprising a first el ectrog
carﬁoayelsmandmabr&aaom\/eet sgortodetifeyarand a phlonwlegplat dieght polymer.
The eﬁl}ﬂg ovce)lgréncng cr)nqdu ¥c90 dSOﬂXlSII; p%k/i%@? g’heagg E?}eg\gﬁgﬁr(g%g)g eagf)l?ctatlon of light
mthﬁﬂm&ﬁnmﬁhﬁmﬁMﬁﬂﬁa@hemnmode and the sem conduct or
| ayer, a second nenbrane di sposed between the second

Anﬁ%eﬁ,g)r(en n‘pqarpl em%ﬁcth '1ent 1ts mrgc%hdtg Catsgfar !:eﬁyc%linrppg%éf IfLﬁtelectrode layer and

I'on acceptor e second

. a sdyBindelan@de hyan ai phstl aflvic (Phg sd?fdc@eimtooh&ucdlmosdda@ﬁeween the first

and: geglgltfl giecg e\almsslle g?ﬂqd %r%r gfsl%sg%' %B“I’ﬁ%gt f! ? rsp%le&rode and the
semr@@hihddn RRG; angtsin Maebraaé dﬁdpeseﬂa})@w&nofhetsf&eorsioélacﬁrode and the

cell are formed on a substrate and photoelectric
sty H8d e s TERRE Harn; S-S HE: ORI [ ho e second

merfibasd ineh6edulR8ke THRWSI semiconductor layer includes a PV semiconductor solution
comprising at least an equimolar mixture of cadmium, tellurium, gallium and indium. Each of
the layers of the solar cell are formed on a substrate and photoelectric power is generated due to

light that is incident from the first electrode layer.

Another exemplary embodiment is directed to a method of manufacturing a photovoltaic

semiconductor solution comprising the steps of:

making a first solution comprising at least one transition metal dissolved in a polar protic
solvent; tellurium; a strong polar acid, preferably having a dielectric constant in the range of

about 70 —120; propylene glycol; and a stabilizing agent;
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Anot her exenpl aiy enbodinent is directed to a nethod
of manufacturing a photovoltaic sem conductor sol ution
w@owpnIBdeg t he steps of making a first sol utiPOI/CA2009/000165
conprising at |east one transition netal dissolved in
a polar protic solvent, tellupum a strong pol ar acid,
prefeiably having a dielectric constant in the range
of ARalt: fnaldioPdoaRykigre gl ycol, and a stabilizing
agent, maki ng a second sol ution conprising solution 2A
conprising a high nolecul ar wei ght pol r, and an
et her SOIlpRL 245 £PIEPTAENG ﬁiltgr@elﬁ%llecﬁargid” eég%{ﬁ%rﬁ“}eé’r andgag) pipgro frat acts
2B copphicRéPad stdbkir e of at | east one polar protic
sol vent soluable in water, at |east one fatty acid,
and propyl ene glycol, and dissol ving said solution 2B
in a &JUHBSBRAMPEFAE & XIS st PUsPOREPRERS Y ¥ltng
_SO| ut k Hhb%Cin Jva_@Qrmrlieé‘s't 3G tfz'ittyamid!rﬁlﬂi ﬁ}ﬁbﬂ@}e siysqengtedissolving
in a polar protic solvent having the pH adjusted by
t he agidd sdlgionaB ia agraneethHatychafoni um salt, sol ution
2C-2 conprising at | east one polai aprotic solvent, a
strong oxL&inZidGnagignt having an ability to initiate
radi cal s, and a non-polar aronmatic hydrocarbon
solvent, and an. alkali stabilizer, making a third .
sol ution conf¥ytien 7§ heompadie Baaupofigridgpgpepded in a polar protic
solvent, a pQhyBkavifake A€LGuds BNhEAREINVT aREAERLGTammonium
titani um di oxi de, titaniumisopiopoxide, the salt of
at |east onesadl kali netal, and at |east one non-pol ar
sol vent, making a fourth solution conprising solution
4A conpri si ng|RioRt JQPLoRPLiGihg A€ 1Ehst BndBbIRF apoBE isBlvent, a strong
sol vent, at |east one highly conductive netal, at
| east one sewiidippg izentatavingzit aihy ositiapetadicalsapyl a non-polar
non- pol ar sol yent., 9#%%gpgﬂé§tgggprising at | east one
A 5

tiansition netal, east one non-pol ar

an alkali stabilizer;

making a third solution comprising at least one polar aprotic solvent; a polymer that acts
as an electron acceptor; titanium dioxide; titanium isopropoxide; the salt of at least one alkali

metal; and at least one non-polar solvent;
making a fourth solution comprising:

solution 4A comprising a strong polar acid, a polar protic solvent; at least one
highly conductive metal; at least one semi-metal; at least one poor metal; and a

non-polar solvent;

solution 4B comprising at least one transition metal; at least one non-polar

solvent; and cesium oxide; and
at least one semi-conductor non-metal that is photovoltaic and photoconductive;

making said fifth solution comprising mixing at least between about 58-61 ml of said

third solution and between at least about 1.5-1.75 g of said second solution;
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sol vent, and cesium oxi de, and at |east one

sem - conductor non-netal that is photovoltaic and
w@b@voewaduct i ve, making said fifth solution cRPOPCAG0HG0165

m xi ng at | east between about 58-61 m of said third

solution and between at |east about 1 5-1 75 g of said

second sol ution, making said sixth solution conprising

M Ot dRehedhid e soﬁlﬁ&%@‘@ﬂpﬁ@@mﬂx@% &5ed¥l b@lvedBuf 50-53 ml of said
sol uti on and between at | east about 45-50 ni of sai d

firssgliiph et oot leamabavhki-ng mé af @i dhet'birorcd; wd
sem conduct or solution conprising mxing at | east

bet gy AROPLoGBHEL sBhicofidisat doliiéid BorbigHsityl ﬁil’kuﬂbnﬁlt Ehst between
| east between_ about 61-73 m of said sixth sol ut

bopta¥h Yol elhaids ﬁff}*sstolut@é@%at leetshpertweenfa(yaltlttq 73fr|*n]= ?fhsald 31xth solution.

Eacﬁ'o)fttllib RN RBYd SRI-4t hens firs, Bkl eRAPVYsoRkiOhed Jrffe@bly stored in a
ni trogen af nospher'e An alternafive exenplary

nitregebethgselre.i s directed to a method of manufacturing a
phot ovol tai ¢ sem conductor solution conprising the

St %ﬁa@efrnémg'eglgn@arff Eﬁgodﬁgénlt'tlé ARG al Shelithd0St WeRTacturing a
about 25-30m of solution | A conprising between about

DhOMOQZVWHUMﬁWﬁmSOHHUQQ Pamhgingdhcetteps BEt ween about 4-8 ni
S“Hﬂﬂﬂ gggpg%mﬁﬁpﬁabout 12-15 ng tel lurium and

betmee I met hyl formam de, and bet ween
about 10 18n1 of solution |IB conmppsng 20-25
cadni unmbeiwkphibay 2643018 quso&ta@m Wmcenpasise, bemegtuabp@tdﬂ 27mg

wat ei , n‘?;d{n%gnl 1tst|?| e‘ap\%&r‘ﬁet& out ;% r}tfl’ Jl’%h&i%%&in b@t%en about

6- 10 phosphi ne, a second sol Gtion
conpri silhgs sl teﬂturmm DA betorpr alzolunlj) ﬁbmh@ewthabfmpaleld?&nﬁ
g of a high nol ecul ar wei ght polyner and bet ween

about 1bg’(9/eé]1 ﬁ%u (P it O]f 1‘? ok 1‘?5”1 O 25 m cadmlum sulphide,
?l JQS |n dlgt ed

hydroxypropy ose
wat er, ahds et V‘Eie‘mulabblotldﬂ-(ﬁstlﬂitd @/hteso]Stﬁq oh pQ)Bylene glycol, 11-14

corrprlslmrgigtgliet\/vedegk@m{y%tzyipé 8?6of butyl carbito

acetate Y% O ol ei ¢ aci d and
bet ween about 12-14% of propylene gl ycol, and

di ssading ansgesdisdlusal eohipoisin2B i n about 90- 100%
cyanoet hyl starch,

solution 2A comprising between about 0.75-1 g of a high molecular weight
polymer; and between about 1.36-1.42 g of a 10-13% solution of hydroxypropyl
cellulose (HPC) dissolved in distilled water; and

between about 4-5 ml of solution 2B comprising between about 25-28% of butyl
carbitol acetate, between about 10-12 % of oleic acid and between about 12-14%
of propylene glycol; and dissolving said solution 2B in about 90-100%

cyanoethyl starch;
between about 1.5-1.6g of solution 2C comprising

solution 2C1 comprising between about 1.18-1.3g of titanium dioxide
suspended in distilled water, having the pH adjusted by the addition of

tetramethylammonium hydroxide;
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bet ween about 1 5-1 6g of solution 2C conpri sing
sol ution 2d conprising between about 1 18-1 3g of
wa 2aoandeme di oxi de suspended in distilled waterpChiax2eog000165
the pH adjusted by the addition of tetranmethylamoni um
hydi oxi de, solution 2C2 conpri si ng between about 100-1
10 M of 99-99 9%t etrahydrofuran, between about 50-55
g of amoni umpRkUb kahpridntbeionassut ab@UTO i 8F 99-9909%
tol uene, and sol ution 2C3 conprisin%abet en about 5

m stronti unchydetiae Rbgpantent Pirdise PF@Hm%%Réfﬁaﬁmea“d

maki ng a thi gy &l Mbiom eosmbiusicnghdoet ween about 41-45
m tetrahydi ofuan, 0 41-0 5 g PCBM 25-28 ng titanium

di oxi de, 15-19 ng titanium.i sopropoxjde, 10-13 m 1, .
di chl oi obenz¥HEIOEnH-37 CORY s PEEE JPRR, S'ﬁdﬁﬂﬁamﬁm fvaroxide
foi pth sol ut}enna@mmrdisiifdgwsel ution 4A conpri sing

bet ween about 10-14 nml sul phuric acid, distilled

wat er, between about 40-43 ng copper, hetwee bout

10-M118 2 EHASPBHet ﬁ?mm'éﬂ\&é@ﬁwgwg?mééz“ésﬂlrﬂetfam%mf&iﬁﬁ 04105 ¢
pcad Beivesh @bauh rokidd 150 W RAFuSOlublopekidd 10-13 ml 1,2
~conprising between about 30-33 ng indium distilled
dichigrobnzesenddemztsoum 15497 m et hyl acetate, between

about 8-1 1 ng cesium oxi de and between about 10-15 m

chlpfahenzenesolliok ichdplgigveen about 10-12ng sel eni um
and about equal paits of said solution 4A and said

solution 4B, making said fifth solution conpiising. .

mi xi ng &t} CoEPT RO ATH208E. 1! 4! SIPA g e pisgled water
betw@hUbbamoandnbedppeeBeidted 8R8L 1APOH cio@fokm! Bet@e&f abdai $h-35 ml

second sol ution, making said sixth solution conprising

gallpin jrsicpetreen byt SHephpdRmapdut 50-55 nl of said fust
sol uti on and between at | east about 45-50 ml of said

fourth s@litnl MeondN@indBKivREh §RLBPIOMEVRLikA] distilled water, between
sem conduct or solution conprising mxing at | east

bet weenakibiolit-156Y 5Gieette, Saivgert dtpthS-4 b Mgt SeHHMatidicand between
| east befeen | ahQutoBlentdiem of said sixth solution

mixing between about 10—12mg selenium and about equal parts of said solution

4A and said solution 4B;

making said fifth solution comprising mixing at least between about 58-61 ml of said

third solution and between at least about 1.5-1.75 g of said second solution;

making said sixth solution comprising mixing at least between about 50-55 ml of said

first solution and between at least about 45-50 ml of said fourth solution; and

making said photovoltaic semiconductor solution comprising mixing at least between
about 56-59 ml of said fifth solution and at least between about 61-73 ml of said sixth solution.
Each of the first solution, second solution, third solution, fourth solution, fifth solution, sixth

solution and PV solution is preferably stored in a nitrogen atmosphere.

A further exemplary embodiment is directed to a method of manufacturing a solar cell

comprising the photovoltaic semiconductor solution disclosed above comprising the steps of:
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Each of the first solution, second solution, third

solution, fourth solution, fifth solution, sixth
w@oioanymme and PV solution is preferably storedP@TCa2009/000165

nti ogen at nosphere A further exenplary enbodinent is

diiected to a nmethod of manufacturing a solai cell

conpi i sing the photovol taic sem conductoi sol ution

di $6h@seth RNV BleeTBbhGIangbduhe; St eps of printing a

positive el ectiode onto a substrate, drying the

pos;j ti ve el ectrgde, punti ng a positive nenbrane onto

t h&MPEBNE PORIEISE Y Sde, diyi ng positive nmenbrane,

printing an active PV | ayer conppsing said

phetiome 4 gisitive erindbeind ucth die ®eikiu¢ ¢elenrodait o t he positive

menbrane, diying the active PV |l ayer, baking the

actdi,ve PV.tl gy]ee[n,brgo[%j nting a negative nenbrane onto the

act V& B aYE 8 yi ng negative nembrane, punting at

| east one hai vesting wne and a negative el ectrode

ontpantifgannegeat BV &y eewbpaneg sakd phiotgyottiie semicorslagtor gpfgion onto
the hai.t. \éestmibrg e_\Ni re and negative el ectrode, and baking

BUH 46T el | where baki ng piovides a haid and fl at

surface foi said solar cell Further aspects of the

I nvienbg hn aviiviePVoepone apparent from considerati on of

t he ensui ng description of pieferred enbodi nents of

the _j.nventi son skilled mthe art will realize
thgjtaklg%ﬁgia&g%b@d?%hts of the invention are possible
and that the details of the invention can be nodified
i n painfgbegatofe mangpastonto the fctixg PMdwter:departi ng from
the inventive concept Thus, the follow ng draw ngs,

deseyihPhd.aR% ARG Exanpl es are to be regaided as
illustrtative Iin nature and not restrictive BRI EF

DESCRI PTI ON OF THE DRAWNGS Figure 1 is a side view of

a PFinHRS atdepleont BRrvestiagy WAE apdd PELAREH SHIRLE o theeegative
melhB¥&Ntion, Figuie 2 is a schematic sectional view of a

sem ¢onductoi solai cell according to the invention,

drying the at least one harvesting wire and negative electrode; and
baking said solar cell where baking provides a hard and flat surface for said solar cell.

Further aspects of the invention will become apparent from consideration of the ensuing
description of preferred embodiments of the invention. A person skilled in the art will realize
that other embodiments of the invention are possible and that the details of the invention can be
modified in a number of respects, all without departing from the inventive concept. Thus, the
following drawings, descriptions and examples are to be regarded as illustrative in nature and

not restrictive.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 is a side view of a print table for a solar cell according to the invention;

Figure 2 is a schematic sectional view of a semiconductor solar cell according to the invention,

Figure 3 is a flow chart illustrating the manufacture of the PV solution; and
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Figure 3 is a flowchait illustrating the manufacture
of the PV solution, andFiguie 4 is a flow chart

WO R009m97T696 | ng t he manufacture of the sol ar cel PCT/CA2009/000165
DETAI LED DESCRI PTI ON OF THE | NVENTI ON A typi cal scieen
printer that may be used in the punting of solar cells
is illustrated in Figure 1 Screen printing typically

Fightt avd desw tihe 1n@s$rtat11\/g B¢ anbu B b Mg ssiesddlit s conpared to
ot her avail able printing techniques known in the art,

as the |a er depo 5-10 times thickei
DEF ALy IgE %EWQQﬁC§Vt§gd§§ﬁ§? er printing techniques
The screen printing process is essentially a tiough

A tffi@nsd@n ppinREe @ssmhnaé usediih tlﬁ:@&nﬁn@bﬁ%@r lceldssis ilhstrared inulingure 1.
for depositing each | ayer onto a substiate Wt

Scr%pd)rla‘fmgatygaﬁlg/e]agéldesetaﬁ Hopt \S}lérlaml pgm{ Pgaheglfl Cé’&“’???p 6(0 aﬁler available

prmf{lhg tRF SRR 8Gowh 8RGH art, Qis e la§etb&hbate iyrabail isalo heaeatdier than
A Sem conductor solar cell assenbly 10 accoidin

resq—ltﬁ @clp@@emng,qﬁk\\ﬁémm@?g }eglngcmgg,m Thﬁ sgp@hprélt@g-m%ceg%ls eqssentla ly a

trodeB%8hsal rgéesg bt ﬁ@lllz%g aGRdnkil 39 tHeSmétiRh abegdpoYignd @y@rlayer onto a
enerally made of a scratchproof material for exanple

I e
subgirateh 8fithgketit ohy squeegee.crcl] laydr itransiarred ihrarh thegrenssad sﬁ:@cd to the

rode 40, piefeiably nade of argentum is
am& g”?”%ﬁ% erBagtllowouter | ayer 20 and wi thin negative

nenbrane 22 In one enbodi ment, harvesting wires (not
Assh@mmywmr@ﬂ@GSMﬁ$®n@dlévémuhhemQUTmﬁﬁét@Vﬂﬁﬁé“ﬁﬁgﬁﬂﬂwggum2

Therr(ﬁltngrl%ne? sop ?rl?% ¥ {o@e%tl{?eegi?%ry ﬁleg ?%2{0‘3% 4&ratchproof

coIIect on ectiic ive
mateRdtiisranem@2, ehablosstitdiesif bolamdfatc Harged! hrreetiet eatatipngectrode

to disch : :
o SRR RISl SR VAR Mo Bt T s

meh@YRd 2224n bhe @ﬂlﬁ)dﬁﬁ&(ﬂdiamﬂt% Wlft@ﬁlﬁ)tmhdveﬁ amq)pmbened over the surface
connected to each of t P itive a
it

of 1Y B BABEMTHE fraPPERE g Dbt Beaty ecly FRRERAD TohReRlstn of e

eledu®i@. DAh@FYmebrasd M bidiblcd e Gy BDEhaSﬁdarfweel&ftrohd’l&) dlscharge to
collected electricity The active PV | ayer 24 conp

onezpf dej hagh celengpuitms dn e s sEGELdsH0s8r (e apfimgg he active PV layer
24. 918Gl OSBA dRE P Wh s GALE dnPed OV h Bige Gt da¥ie oPYiel RIve 2Ald negative

is a positive nmenbtane 26, which acts as an insul ator
dmand%eﬂébmgymmogMmﬁv@eéﬁﬁﬁg@Smﬁ%ﬂhmédﬁﬁwgeﬂﬁémﬁﬂdﬁwceﬁﬁswﬁ%e

of 8 Séo lleétg(% ele%?r ? deTl?IQ aquel EVa atsygre He%%ﬂ)tns&gat&}?ed C(fznél‘rpound PV

iee elections wmt active PV | ayer
wnﬁmmnmhhamMngum9d$ﬂe%p®SMW|d@cehébtwmd@E@OVﬂﬁ%1@@$24BVGXBMVG

merehgll%te%é) wgaeﬂ%\%g@%rs ﬁlg%%glb{o%/ f“g eenél lesS eo%mo f Ear g?]sq Fﬁr%:lharge t% a positive
clecald@y 80 vayeilso fresdntidnthp t‘cha’lgddrfgse&llﬂosbrrsainﬂmﬂ&,e aoffi tedhV layer 24 from
ﬂO\{lJlgg; Ietl? Irtgﬁg pé&?%%fp%gg)clgggont ITPg prgselgvea electr Cdat ?(g pre\‘lera%\{y compnsed of
argentum, is a current collecting positive electrode. Each of the above layers rest on printing
substrate 28, often referred to as the printing media, located below the positive electrode 30,
which may be formed of a heat-resistant acetate, laminate, glass, or other material suitable for a

printing substrate. These wires may be connected to the negative electrode.

The active PV layer 24 of the solar cell 10 is constructed from a compound PV semiconductor
solution. The compound PV semiconductor solution is an equimolar mixture of cadmium (Cd)

and tellurium (Te) powders, liquid gallium (Ga) and liquid indium (In) mixed in propylene



10

20

25

30

whi ch may be formed of a heat-resistant acetate,
| am nate, glass, or other matepal suitable for a
wEewioyrg9c ubst rat e These wnes may be connect edPCDCAR®I/N000165
negative el ectrode The active PV | ayer 24 of the solar
cell 10 is constructed froma conpound PV
sem conduct or solution The conpound PV sem conduct oi
c%q)lﬂ'df( 1@ Breh® ARs@UVESDERT TRIXUMERs QbluGS&IN MRel Gelh @Rishn (C) and
teI urium (Te) powders, liquid gallium (Ga) and |iqui
resih pie i ETZARIA o kR eRNd tagqshas S iaine gwewduftpru%omé it hegiopingtion.  An
exa}(lgl% qlfﬁe §) lnl‘htnal Ofk EB'S@].B@AS g@éﬁmég (Bhb&ﬁ]) Al 40 Q&%pw Jthhe organic
resin ic solvent, and
\teo'gmahelpe dfd;ift ar ro;lalommm;on"ﬂ@c?b’r seatigmgugtey solution more specifically

contp%%%rﬁgxﬁl%)?xt)rl()%stﬁ% u)reda rp‘ﬁocr}f]s%llnliehs%ﬁo{lg&r? Qltéﬂi@l\é (gleTlé%%&E'e:A\wnh at
leass @hy eohjugmytd h%hTﬂnlElecmarC‘hhxghtOlﬁ(ﬂwmlew di’MllslemAWGQl dCoit2C120,)

sol ut re specifical 0por,
(AL PSR SoteahGE PGSR T HireSE BRERIRIET Coaabe (e gy The
mes‘é@dﬂr@irl]seQrdUltdr@ oﬁttl%d 8as0; inlﬁfeféﬁibjyugaﬁlﬁﬁﬁchﬁ g hyodoeetthartreatment of

t ADS300. (C19H26C12
nan?%;ﬁsgq,l]naegq%a@nlgld%?ﬂreég%?cgg Lgf%‘pfgg@le%w tg? prg&etnpq,%foz 1)ont1um hydroxide

(SrERNHERIWARLT PPer@n sﬁdl@@ i hahaey&@ Gl ®fstand REIMBSOBAS Mk be used to
structure of the Ti C3 |sé§refe|ably synt hesi zed by

achisyel raoflhvelarrrmsulﬁarnéétl n@me off hrdlab &pyk pateiine of ithahiet level of an
1llurqingl?§hqgmi% ugt%P Q&H:etla% Wptﬁrﬂlié &lla‘?%el'l Q \Iolﬂggeoéﬁéle@?&utc(f\/oc) which 1s

ront 1 um hydroxi d Si(OH 2)), however a peison
the sll{felrdned of mlectth@l apttemwrb bktveemther searpdesoethibe selet ¢rdlogharetpere is no

extefulqal lIlo con 9 ? el es%p%n};oﬁ% %ﬁ{a'&)r §r5[%t cao%eﬁu’?étalfté‘fﬁst - ?J‘(? octahedral

erm eve
cootdithatitm nﬁﬁ@dn&emumnﬁi with efsc@s rCd@e@Genwb luhot teipiedivath a conjugated

i e S 85 LM £NEokp (LDt By e provies

effe@liRChohadesicfof e cifedcdarzal dr cWbedhst here is no external
| oad connected The nmesoporous ternary SrTiq 3 contains

d oct ahedr al or di nat
Lis o R AE B R HE 917 EQoh CAPTeCEst 11 Ro BT B RHGR e solar el
10 ¥ {hB pRese@Nihugabe dndip@hesmtghleadh weihghiyepoblysukir, cefl ai disclosed
exanpl e ADS 300 (Anerjcan Ege Sour ce vi des
abogt. flg 8efelase elsﬁe%tppyf‘n BRPGIOAGCEE GRS edPhaEcgRLctor atoms of

the %tﬁ/@tf"\pﬁ%rbugﬁ(/e eledfonydiviehetihat atbmRnechRe. SWRen figdh hess@through
the surface of the protective surface of the solar

the efenmpom.igct@rr atgrheoithe s&ve PVnlpxai it ot wlwhfsﬁweﬂ Rioglg penters of the
atorﬁ?&lak 91 aﬁaﬁml @¥@Et§ongfa 846(95 rtq Inlanﬁ-laq &El@é?o% %P&t\ﬁfg’ the atomic

fate el ectrical ot o6l ectrlc
(wneanwausmomumhemQEqumndw@kwﬁhaa@nm:Gm&themabmgvemhvorﬁmnthe

oL S LTl RS DAL e o
Charfre eﬁctromqmﬁ%\/ﬁbrayl&r acBdg Pvnwep% itrowgdl ty tleheegged a¢namiee 22. On
conggt%georn% OPIhethgeative electrode 40 or the harvesting wire, the free charge is released and
the electron is drawn back to the active PV layer 24. On release of the orbiting electrons from
the atom, the positively charged atomic center may pass through the positive membrane 26 and
contact the positive electrode 30 where the electric charge is harvested. The positive membrane
26 prevents the flow of charged electrons through to the positive electrode 30. In general, the

harvesting wires are not connected to the positive electrode 30 as light does not travel through

positive electrode layer as the positive electrode 30 is disposed behind active PV layer 24 and
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atons pick up additional electrons and attenpt to
mai ntain these electrons orbiting the atomc centers
wW@@e/ogrso@t om reaches a point where the atom cPCEOABI09/000165
is no longer able to retain the oibiting electrons, at
| east one fieely chaiged electron is released fromthe
orbit of the atom Charged el ectrons pass fiomthe
has %%t et BY tlllea)(ﬁf)utgdoftltghp Wabhihe i ectRedat iiMer menbrane articular
On contacting one of the negative el ectrode 40 or the
imphrmge dtal Hy ngstee odssode Heis chalpgied Py tedlpgsing Wi %Shtée negative
elec?rl 1? ChJ Q lals‘béseﬁ LishWa tl%aa@,ﬁvet By iar}‘/@r ACk I Bts Y dn@W8T o2 fcodRIng light that
ease of the 0 iting el éctrons fromthe atom the
1smpasuﬂmmbbanhawg®¢1éﬂonlc center may pass through the
positive menbrane 26 and contact the positive

fz?c‘&ma gfjtﬁe §Q cm LﬁldtsplﬁlcglllcﬁlGltOF Gntfn %519§0ﬂ s harvest ed
rane prevents ow of charged

el ectrons through to the p05|t|ve electrode 30 In
Theg?éh eqrapound h@nh@ndvetgt prirgingise ledorais engagtaciusirie Seser! s@egss shown
in PSR 08 % I )ILl?e (,ee%% L]ggl%eﬁgt ¢ Batl dn%tse\gpa@%dm&uaq E(ﬁﬁ(t%nstlh&@ldgéhf ically
rode | ayer as the positive el ectrode
solutlien cB gmmaculobe@umdsoamon@ SDVandagnétrthzlE &horagh as wpd dder in the
o 8504 S RGN 25 U b P et v
senﬁdoﬂ@ddt(ﬁd;eluﬂﬁh PG tont geti@dallyy atidue SHral m,leétsolngompeﬁsﬂ iagnixed with

ative ectrode 4Q i I Spose e
LSS RSP G GO SeCAL A B TBPCt AeGhhg! FTGRD i R mixed
with SoduesLsY 8l 0PI 1kt FET lovecaRVolutiye v &4 AMbnubacy Imlloé s@jﬁtlon P 70
t he PV conpound sem conduct or prlnt Q solualon
is i trdosdrt Gonkl e siompY FREQ fierS B i shgogductor SOt 0.
manuf actured in several stages as shown in Figure 3
The  MEthBd QF @:kingNd4eh W Shd Baudneald idRBloedd seser alach of the solutions is
i ndi vi dual solutions, nore specifically solution B 60

prefosbit stesed @ndss 2 netEleaR PGIPSEICHD, A AHEPLER PIRISBRFE 238 RHP Ehbelow is
AiE MSQthobFLR! 5 %tv\hﬁl £ RIS UWek M Ger@fved QhdlkdpitePby Biit t
thngis %ugﬁgh ' ?gﬁggre fhgn useJeln thém?fnag Py
mfseww@dmwutﬂ@ﬂ“éolutlon 90 More specifically, about
58-61 m of solution D50 is mxed with 1 5-1 75 g of
Sm§§% gion C 55 to cieate solution P 70 About 50-55 ni
solution B 60 is mxed with about 45-50 ml of
solutlon E 65 to create solution V 80 About 56-59 m
afonsBl i GrTRITON 108 SalkeRt W 1910 dBoUN G PAPYSRC gcol. More
spe g!:#l% %utycﬁlsg (to%pcflsgsata? 1dafteoiR %rﬁﬁiﬁb{%%@&c&l%l&@hmd Pflar protic
meki ng each of the solutions is
sol@nt ¢¢losient: b@trcwg Fdohacof, prafealyp hatipg asliqlectpy eqnstagbinythe range of
St undern r & A nitrogen
ﬂmu'ﬂ§%§% %”Mﬂ%g cé%??%ﬂﬁﬁ%%ﬁ%ﬁ%@%s typically an

atnosphere from whi ch oxy%en has been renoved and
Evenepdracredifioylyn balviggdhisatcon ination of solutions B1 and B2 descubed below and

propylene glycol. Preferably, solution B comprises about 25-30 ml of solution Bl and about 22-
25 ml of solution B2, each of which are stirred into about 10-18 ml of propylene glycol

(C3HgO») at room temperature for a period of about 16-20 hours.

Solution Bl

Solution B1 comprises: a mixture of at least one transition metal, for example cadmium, Zine, or

nickel, in the form of a salt dissolved in polar protic solvent, preferably water; a strong polar
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pi essure of about 1 1ATM Solution B: Solution Bis a
conbi nation of solutions Bl and B2 m xed with
wee@pydmae gl ycol Mre specifically, sol ution BCT/CA2009/000165
conprises at |least one transition netal dissolved in a
pol ar protic solvent, tellurium a strong polar acid,
preferably having a dielectric constant in the range
amdogre?e%éﬁ halfhealBQectf &ﬂ%laﬁnl?thglré{fg@ bf aNE7E- 190 adilhdih;RGd a polar
ent Even nore specifically, solution Bis a
apragionpliverdt i on of sol utions Bl and B2 descii bed bel ow and
propyl ene glycol Preferably, solution B conpiises

Mo@gﬁ%ﬁc%ﬁy 3Q1u8bn @fl c%leH&'s QhouBh2 2nchadrautimAdr aded Bd at@fut 25 ml of

ution B2, each of which are stirred into about
distiiled _ﬂggqqs;ed(yf/atgrtbﬁylpaéméefg]alg,l@dqeel( @gp@l@gyderatnt@%h{or at least about 30

mmg%g%g{i AL UnLEy E(ig cﬁ%r] RE L AfuLto- AP Rkl @ndlnb QH{tﬁresl@ Lisskdran About

ution onprises a m xture of at | east one
4-8 1ml aﬁmlphu&mn anrét(HbSO/d) (sradéeda{n'plhﬁenlc(a(jmmﬁtlr@d e, at ggast about 6-8 hours

|
at r%061|1 {[félmeraug? e? h¢ PeB pera ture ol anp f%e nngtlulse 9 tﬁ/eﬁqp(!rgasp@ g)azlboetr 28 h& C and

thelpftﬁfeﬂrfalbh }belﬁha{\/d)frtg)oat dii- &4 E@trsrl Abcunn@t lénnnglorﬁ tctlrmeumamgtéded to the

oSl St LRI 37 RO BB Aot 3040

ml &PQREmLRfodfaille OF HeRDYiLMeadarRd aho sk’ﬂtb@ﬂior 250Lﬂﬂ6 ohours, following
distilled degassed watei that has gferabl

whiglt fherraigtuiin #e3o0Kiltle GBe TPUP tRPeraNE nd st 1SR ?Hfrﬁﬁt@ét about 12
houtNd is mxed for a period of about 30-40 minutes until
the m xture is uniform About 4-8 ml of sul phuric acid
(FQSC&) is added to the m xture and stip ed for at
Solutiad2 about 6-8 houis at roomtenperature The
tenperature of the mxture is then increased to about

Sollﬂﬁ)n@ &n@ﬂgest P@lﬁ‘xttﬁ% loF ht@6hst Qe tRANNESH RekaRTorakabiile Eddndibm, zinc, or
hours About 12-15 ng of teIIurlun1|s added to the

nicked, s the doramef asqalt disedvedap paler pratistoleBb atelersb I yigics Pagpylene glycol;
cartg)?lt mﬂiﬁ%ta&h@ﬁl‘éa&(@@ fol%x%\%%%n&@ﬂﬁl osg’lgné"gr Asifiar stabilizer able to

is then added and stiried
staHfilpre Iaabmnllcts B- Srghmmrsslvelﬁtol IAOWEFﬁ(gl wkilleh int e At Qi@ ungerstand that

pro%sﬁenle érgfs ag%t%%ri%so Or%lsre[g@% (% ] g%g}cpl%d%ﬁe&rrﬁa?%e u®dd in place

ours ution B2
of oo Bpitheses a m xtui e of at Ieast one transition netal,
for exanple cadm um zinc, or

More specifically, solution B2 is made by adding about 20-25 mg of cadmium sulfide (CdS) and
about 11-15 mg of cadmium chloride (CdCl,) to about 45-50 ml of distilled degassed water that
has preferably been stirred under nitrogen for at least about 30 minutes, and then the mixture is
stirred for a period of about 8-10 hours at room temperature. The temperature is then increased
to about 37-41° C and the mixture is then stirred for a period of about 8-10 hours. About 35-39
ml of propylene glycol (C3HsO,) is added and the mixture stirred for about 6 hours and then
cooled to about 30-33° C. About 11-14 mg of carbon (C) is then added and the mixture is
stirred for about 4 hours. About 6-10 ml of trioctylphosphine ([CH3(CH,)7]3P) is then added and
the mixture is cooled to about room temperature and then stirred for a period of about 5-10

hours.

Solution C:

10
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nickel, 111 the foira of a salt dissolved in polar
protic solvent, preferably water, propylene glycol,

w@ a00bo9re9@nd a stabilizing agent, for exanpl e PCT/CA2009/000165
t poctyl phosphine or a simlar stabilizer able to
stabilize particles in organic solvent A person
skilled in the art would understand that propyl ene

Solflo¥ €onfpRisespr operties sinmlar to those of ethylene
gl ycol and they may be used in place of one another
Mor e speci fical | ﬁolution B2 is made by addi ng about
20-32%11@016%113&&61%%&?& YU i de (CdS) and about 11-15 ng
of cadm um chloride (CdC 2) to about 45-50 m of
di stohikluedhrdegass edt wat |nhitleatr dnastapitiefrer abl y been
stirred under nitrogen for at |east about 30 m nutes,
and t hen ghe m xture is stirred for a period of about
8- PYUHILT 5 %8¢ room tenperatui e The tenmperature is then
i ncreased to about 37-41 C and the mixture is then
st preditimmiaupeompdsiod. about 8- 10 hours About 35-39 ni
of propylene glycol (C3H8Q2) is added and the m xture

stirred,for about 6 rs a e d. t :

30- 33 CHRLERIEO 19&40%)‘ g XE;‘% ?&“;bg‘?iegt o g@%ﬁ@”ﬁﬁd“lvem
(prefdagolyriviter i@aving tisd pH adjektdddry thdalditiod ofiegigerAbg atn®nion sult:

of tpoctyl phosphine is then added and the m xture is

cool ed tqtabqg§ rpomtenperature and then stirred for

a peri o 0t agoilt” 5-10 hours Solution C Solution C

conpi i ses a high nol ecul ar weight polynmer, a mxtui e

of an etmeikalit btabilizat dorasxanhile kenefunang detxalsi [sirgeifum  peroxide,

soLutioQ a . Wangbg.resultant m xture conprising the
magdgR RAKF S BHtT4PHKum di oxi de, suspended m a pol ar

protic solvent (preferably watei), having the pH
Moadpesiiety bylutineCaddidlioohl ofpasiquaf @one.§16 oD um! oabuspended

o0 O B Pl P T Ll SHRTELS abouc .15
1.30%f 8@ sQ¥pehdit bprvesdhghhRz®in MouesSspetbf doallddywatsol Uibé pH of the
susépéiglbgiﬁg%llésgeldd ?ol bselfl\ge%gngkl)o%p lolf.S atct)J OPBt b(g/ (t)ﬁl'e6 ]é_dgitigr% 609f rg)‘/)rlthesized
tetramethylammonium hydroxide (CsH;3NO). Then about 3-4 ml of the C2 solution is added.
About 2.04-2.09 g of strontium hydroxide ((Sr(OH),) is dissolved in about 50-55 ml of boiling
distilled water, which is preferably degassed with nitrogen gas for at least about 30 minutes, to
make strontium hydroxide solution. About 5-8 ml of the strontium hydroxide ((Sr(OH),)

solution is then added to the suspension. On addition of the strontium hydroxide solution, the

previously translucent titanium dioxide suspension turns milky white.

The suspension is stirred at room temperature for at least about 24 hours prior to autoclaving at
about 190-199°C for a period of about 10.5-13 hours. The resultant pressure of the suspension
is between about 2 to 2.2 atmospheres. Approximately 1.5-1.6g, more specifically 1.538-1.551¢g
of this suspension is then combined with about 1.36-142 g of a 10-13% solution of
hydroxypropyl cellulose (HPC) in distilled water. About 4-5 ml of the Cl solution is then
added.

11
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182-188 n2, which is equivalent to about 1 18- 1 3g of
WO b@osespensi on by wei ght, mxed in about 5-6 PET/0A2009/000165

distilled water The pH of the suspension is adjusted

to between about 11 5 to 13 by the addition of

synt hesi zed tetianet hyl amoni um hydr oxi de (C4AHL3NO)

Then about 3-4 m of the C2 solution is added About 2
TheQQSuztaIQQleu@éc isSh&oNd Iy mvbb()@d't@?(ﬁﬁ% 2( folrr( Qrﬁpoﬁl)ori a$ room temperature

di ssol ved in about 50-55 Ild\r;h% I
u““\‘/vé“leé?s““%|Sk§$?e“‘5é°“pcr°éF‘é’|5é‘B?L9 58865%%‘8 W‘HP a&%& Ygdlys average

collbRMAtcul8 a%tghabomt pAngrl1 BUb&S 16810 ke hsd o &ﬂlﬁbnhiﬁg power equal to
hydr oxi de s%utlon out 5-8 m of the strontiu

1 grﬁgﬂoﬁt@sztp deighf aflporpeey. $b WEPGHOT & L et ad $EC s Tepae temperature
fron?lr] sl Qﬂmﬁ—@ tPHRLE 4 RERAE 8Nepesibl QDL 1RB: ANt 19%0GE in a nitrogen
ut i or? the pieviously tianslucent titanium dioxide
atmsmpenslno thet nitrpgennathiesphgrsi aboutHE7 s bigpeh N 0P scostugptedy polymer
[0 efh b d
BT SRS AL Bt o B RS PR e L Sgur. an
therlle Eenin’:}rahmurs%dﬁhei atésul°Cant hpresslueahof redetespspensi on
IS between about 2 to 2 2 atnospheres Appioximtely 1
Solutloncqg’ nore specifically 1 538-1 55 I1g of this
sion is then conbined with about 1 36-1 42 g of
a 10-13% sol ution of hydro xypropyl cellulose (HPC) in
SoldiostG 1 ¢amaprigest @imiMoesual a4 legstipine pplag pretiCroleest gelp jngwater; at least
one fn? amdd{q%g}]—llgl?e %gcollj'laglgn% emoéh)%rs%ldl then slowy
y evaporator at room
terrper atuie until the resultant suspension contains
Moebpati S0y 54%6tmo| € otaniiesve ingtitre O pbew| A5y28% Rebgykealjto! acctate
0 2 -t4% d
(8 G TR LT 50 0L MTBIp s B0 @0 i
at agb@moah aerherarerie it a périchlyati dbgent-Theurs.usipensikore isgh¢rhéisolved in

St | whil e nti fromroom
aboPtedrpgleoﬁg‘tW”éoeﬁ’é’l %\t%ﬁ 4%99%?% E %ur%glgg?'iwgd of at |east

about 14 hours in a nitrogen at rmsphere In the
Solmidnr@gen at nosphere, about 0 75-1 g of ADS300

conj ugated pol ynei (American Dye Source) is then added

ﬁtxon ésbe con rpﬁs?she? m%% re%tf a{ lregsc[i [ Folﬁt tol\/%pto Qtstr(%lggomdlzmg agent

our nper a uced at 1
haviigianhoility wntitihte ﬁmm mgi erlmmoﬂae rapaeuraat by éroSubant SobmentClor example
Sol uti on C comgl ises a mxtuie of at |east one polar

tolughe PrEen FBKP C8abl e in water, at |east one fatty

acid, propylene glycol, and a cyanoethyl staich Mre
Mogpegdcfticaial, | s)blutiS@l a2 icm,mpﬁkescmrrpimhseesufaabrwilb(ﬂ(]@elQ)fmlabf)Lﬂ9-99.9%
0,
tetra ydfzc)%x{%no f(Tkal%t 1r1e8 15’1 ztlb%lut ?(5: % grams of ammonium persulfate ((NH4)2S,05)

and about 7-9 ml of toluene (ACS) at room temperature for at least about 6 hours.

Solution D:

Solution D comprises: at least one polar aprotic solvent; a polymer that acts as an electron
acceptor, preferably PCBM (American Dyes); titanium dioxide; titanium isopropoxide; the salt

of at least one alkali metal, for example cesium fluoride; and at least one non-polar solvent.

More specifically, solution D comprises about 41-45 ml tetrahydrofuran (THF) and about 0.41-
0.5 g of 6,6-phenyl C71-butiric acid methyl ester thiophene pyrrole aniline monomer (PCBM)

12
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(C10H204), 10-12 % of oleic acid (G 8H34(2) and
12- 14% of propyl ene glycol (C3H8Q2) stirred at about

w0 om0 mapei ature foi a period of about 4-5 hoRCEHCAR®I/000165
m xture is then dissolved in about 90- 100% cyanoet hyl
starch and stirred foi about 12-14 hours Sol ution C2
Solution C2 conprises a mxture of at |east one pol ar
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9-1¢ Bourahyde ednunesature THFh)en §lomby é@andhbmlwt 190’— 56 pgr heHs to until a
of ar iump f 232 nd t1< 499 f:

By AP S D25 and g To Sy

1soph1@n>|x'sie %letgiO@ﬁ) Ehd Souut(-thmDo ha'pinqhi;ne@eazenb ¢adt.Cone then added

o BRSO YD) 2P B! Bl o o

3.590 ;feaﬁd)LUrIﬂldll z()tkémﬂﬁatutd dranoud HRBS‘C@TS@@XOMMA thdnexbs@l 48 oz of cesium

o i S L ST e g it e
addSPRChE hgalie Yind S@bddt foPR p&iRIITRE leSﬁS 8@%&1 S4JI 1145111R(ﬂure continues to
tetrahydrofuran (THF) and about

be irigd itk iy |1crOFratus it rifﬁféeaaff‘flu Y %P@tlhw %g?feliouf HP%H@Héemperamre is
reao%%g?%e%oﬂﬂb lsreb?efg@ﬂg B Fed (REBMRI-ah Respifen Amepcan

in a nitrogen atnosphere for a

period of about 17- 19 hours at roomtenpei ature The
Solutégnler at ui e is incieased to about 72-75 C and then
about 25-28 ng of nanocrystaline titanium dioxide

Sol&t-@i@% alcSmBEGes AREILEHEE MinktluBoh B2 Shd 4tN€M: dRlse@beiductor non-
-10 hours The tenperature is then slowy decieased b

metalb&nexqm]ge gel@up@,ﬂnaﬁ@g Phetgvqligic gnd é)hf)t@?ﬁj}gla%{th ipEopgities that Xonducts

%%&m{gly about 60-64C is reached About 15-19 ng
itaniu |sopropOX| de (C12H2804T1) and about 10- 13

m of 1,2 dichloiobenzene (C6H4C 2) is then added t
Morxehgpegiifi squm solaien $t FepRIECS GPPTalBE!Y7 c@iahdneYntTHY S Solution E1 and

solu&x%%@ Sr 5tsiez¥sh§)%ufjﬁcl{o%?ss %OQV 1 OaPPM% o?selghuﬁg > tﬁ&f added to the

until a tenperature of about 32-35C is ieached
mixamel at em abpatatize.8 Ting tohpasasicumtiidnuioeicgied ((Capyut Zbdlje and the

mlxﬂre ﬁrﬂlen flrr-er5| %oraa@ %@%ﬁé{t §)2110%1 55 %tuge‘ 1§t en stirred and coole(cjl slowly

|'or obenzene ale ad tot e mxture an
by @bitpedsfOper dopepobreathirgtrodre &sitpelaBy@1 hows The m xture
continues to be stirred and the tenpeiature is
eciEqased by about 1-2C per hour until room

—ure1‘rp181’80l e ature is

Solution E1 comprises: a strong polar acid, preferably having a dielectric constant in the range
of about 70-120; a polar protic solvent, preferably water; at least one highly conductive metal,
for example copper, bronze, silver, or nickel; at least one semi-metal, for example gallium; at

least one poor metal, for example indium; and a non-polar solvent.

More specifically, solution El comprises about 10-14 ml of sulphuric acid (H,SO,4) added to
about 60-64 ml of distilled degassed water that has preferably been stirred under nitrogen for at
least 30 minutes, and the mixture is stirred for about 55-59 minutes. About 40-43 mg of copper

(Cu) and about 10-12 ml of chloroform (CHCI3) is then added and the mixture is stirred for a
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reached The solution is prefeiably stoied under a

ni trogen atnosphere Solution E : Solution Eis a
w@ooobiosmdé on of sol ution El and sol uti on E2 aneiCECA2009/000165

| east one sem -conductor nonnetal, foi exanple

sel enium havi ng photovol tai c and phot oconductive

piopeities that conducts electricity better in |light

peri@ L AREFIof oGl d Yoon$ Rhipkia@ie. ETiGOBRpd S0 8 BRNh OXdrémELloyabout 82-
equal anmounts of solution El and _solution E2 m xed for

S6°Gtonf EegEABOBETI REARS! AYoEET0 Thotanpersfure &) Befl o fyglecreased

by E'ﬁe@ p@rdg(ﬁg b Q ERGerTLXL SH Hol 7L 2P t LEREARYI R a—fhﬁqmd allium is
enperature is then increased to about 77-8 1C and ﬁ

addnci sotthy mixtge pivkthers stirred dor f reriodipf 4bonist S-815A0tsg Aeui 57 vH@f liquid
- XU t n 0 S ahedt .41 1
md%E g@ Sha(gla?(} QI({' ]|% teﬁiggﬁtu%glg rt@% n%l?\gl Jée?}ga%eldg%so%u@ per #hdur unti
readhingSobrutdngrrahire.conpi i ses a stiong polai acid,

prefeiably having a dielectiic constant in the iange
solQfonaout 70-120, a polar protic solvent, pieferably

, at least one highly conductive netal f oi

exanpl e copper, bronze, silvei, or nickel, at | east
Solgme Eknpmmgﬁteala mfxgyre @i@ﬁ@a@t glaﬂ trqnumonapeqileé@rt exgpelepaium and
platw%lala’t leag (ﬁjéoqarls%ﬁu manéiggmgna%ﬁegg/éﬁgbag%l é’segfc?l_réllductm and
dmmbndﬁmsulphurlc acid (H2SO4) added to about 60-64 m

of distilled degassed watei that has pieferably been

und taol A

MO{e sgem?cat]l e()%ftlg SE:Z Og]z)dl %s a%Ongguﬁqéé gg' l%):éddz@gbﬁ%bout 20-23
ml d@dl&ﬁleﬁge@ﬁsedopm@nhz(t Guy prafechbiblouet sﬂJ@e(ﬂ_lﬁldm mof)gen for at least about

30 Igm{;'qluPoeg 3 agplgtqgch %l ett Eg%tta?é;&gg[ﬁ i a%?d dX t he mlxture is stirred at

a teh@ﬁ?@ﬁﬂftﬁbﬁhb@utﬁﬁeél Itoerrpeata&agf z&)oUSl(I ﬁﬁdmri; nﬁba&%d ﬂhg ofb&tltm oxide
C and the m xtuie is stip ed foi g%out

-1 1
(Csﬁ%?ulﬁéheﬂ"?éid?deﬁﬁleﬁhét“mﬁérei SreAdSY )16 §PoubET e A@yutzl%” ml of

chl&@eﬂ%w Q@Hﬁd)qg 8dde8 ARE Rtk @rcof ﬁb&iﬁnd%Wﬁ@vaﬁb&k&i for example
of l'iquid galliumis added to the m xtuie and

USHtgr?eliﬁ’taﬁX Pyapergtor.gnd gogied boehost 2o atr BuswYilgeashine soomp fperature
and@he suggenggn kdn%sdaﬁbﬁ@@ V\X(Jo'ﬂ))ld' @d and the

rature 1s then slowy decreased by 2-3C per hour
untll reaching roomtenperature Solution E2 Solution
Sol@porckynpri ses a nmixture of at |east one transition
nmetal, for exanple indium and

Under a nitrogen atmosphere, about 58-61 ml of solution D and about 1.5-1.75 g of solution C
are mixed for a period of about 24-27 hours at room temperature. The resultant solution is

preferably stored under the nitrogen atmosphere.
Solution V:

About 50-55 ml of solution B and about 45-50 ml of solution E are mixed for a period of about
7-9 hours at room temperature. The temperature is then increased to about 66-69°C and the
mixture is then stirred for about 6-7 hours. The temperature is then slowly decreased by 3-4°C
per hour until reaching room temperature and then the mixture is stirred for about 7-9 hours.

The resultant solution is preferably stored under a nitrogen atmosphere.

Solution PV:
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pl ati num at |east one non-pol ar solvent, and cesium

oxi de which acts as a conductoi and el ecti on donor
wore/ospeci fically, solution E2 conprises aboupCBOA3B9/000165

nmg of indium (Ir) added to about 20-23 m of distilled

degassed watei that has prefeiably been stirred under

nitrogen for at |east about 30 m nutes, then about

UndbPa hifrobdn o] atdeedcademl SPABBER) P sd zﬂﬂdﬁ@l aiﬂﬁllﬂ bih@lution V are
mxture is stirred at a tenperature of about

mixee for giperieh@itabaydut L B reRl Y PABBIIR: Etefeltpfﬁﬁ“‘&fls @é%tltﬁtﬁased 0

abogt)ql’fj@ CGRQhe n‘ﬁxtt.ln:el@ RGdgskeanst idaet @37Xl§ddlfse $hdtc@thefa@lic is then
| east about 6-8 hours About 10-15 of

slovc]mcbwg@ecﬁ bred’ @C@e}q@@]u) urjtid regdipfag reany tqnp-p@taftﬁlgtauql ¢hej mixture is then
stm%& Itf& a?geaﬁnagoﬁl @ﬂ]yurgvﬁ&orreﬁfltggt’ solu@bn %ﬁ@%ta@l orBg u@der a nitrogen

ary evaporator, and coo by ab per hour
mHmnmem_reachlng room tenpei ature and the suspension
contai ns about 78-81%colloid by weight Solution P:

Theq ﬁqﬁ%nt%o ﬂb&{ 83{%‘9 d%qg’saotgﬁglg%g gﬂtﬁ%gl%eré &bl sm)le Qbr a period of about 1

bout 1 g solution C are
wmnmmednmmMmabgsm@dﬂmmt%bdth24-27 houi s at room
tenperature The iesultant solution is prefeiably

ALY d & Jmsphere Sol ution V: About
Ma @ 1% %ﬁﬂ ?Bg% tﬁé B ﬁgaﬂgut 45-50 m of solution
E are mxed for a perlod of about 7-9 houis at room

Thet mmefc amqmbeanfrsehtlempemama@s e nsxtpre 4 Goerecaise dobye el ieblizing
age;i;]t fo@ggalrﬁprig tr otng% a here orla snﬁpa%r%talﬁthil\frr a%geetfo%tabﬂggggrttgfez in organic

ure IS Cl ease
soh\@n# Gneper dlhl(eu_rlc wntpbsiti@achihngar d@nﬁilétnmiemt@ﬂ@@ﬁld“’(ghm as an
ittstbaggrdg;{eg; %ebﬁloﬂ tsll%l lﬁc{ n tpep ?rgr paf gg 1derstfmd tﬂ% anﬁ dnsu%tor having the same
propuridsagRn wisanspher e Sol uti on PV.Under a ntiogen
atnnsphere about 56-59 m of solution P and about

voig g e e TBabia Pombure sy TSt PhsLa PR Phof @ita mi of

Bayltidg r sag\ect9t90 d&l@mydtdlmraméﬂ)uo@@ear(cﬂiaslmcm xddeil einto tdbem 6-8 ml of
stirred fo urs The tenperatuie

g Uy B af GASoh B o5 ST g, 1 TrshchT s a room

temp @RI MRl A Wi aarkidhrR BinbIid, p&fetztbe)nelsdtﬂoafagcxtsﬁw (Dupont),
at | east about 8 5 hours The resultant sol uti on

i UG ST UHEER 104 2hICET SRR | 8B resultant solution is

preferably stored under a nitrogen atmosphere.
Manufacture of the negative membrane solution:

The negative membrane solution comprises: a conducting monomer; a polar aprotic solvent; a
stabilizing agent, for example trioctylphosphine or a similar stabilizer able to stabilize particles

in organic solvent; and a dielectric composition.

More specifically, the negative membrane solution comprises about 50-53 ml of Baytron HC™
(3,4 ethylenedioxythiophene) (HCStarck) mixed with about 6-8 ml of dimethyl formamide
(C3H,NO) and 3-5 ml of trioctylphosphine ([CH3(CH>)7]3P) at room temperature, for a period of
about 7-9 hours. About 7-8 ml of a dielectric composition, preferably dielectric 5018 green

(Dupont), is then added and the mixture is stirred for about 12-13 hours. The resultant solution

DM_VAN/275404-00002/7192923.9
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The resultant solution is stored under a ntiogen

at nosphere and is stable for a period of about 1 year
W@eo0a/09woper at ure bet ween about 5 to 400C ManuPGEDCARM®I/000165

of the positive nenbrane sol ution: The positive

menbr ane sol ution conprises a m xture of a conducting

pol ymei, a stabilizing agent, for exanple
is plfeﬁa@@oﬁyét&la@ﬁﬁkmaﬁu@@e@atﬁlbmhler@r stabilizer able to

3taP|I|ze particles in organic solvent, and a

i el ectr| Ition, such that the resul t ant

Nm%%@ﬂ?F%ﬁtBﬁEHPBPﬁﬁ acts as an insulator |ayei A person

skilled mthe art woul d understand that any insul ator
Theh@¥itidged MR safigedd LORE Mictadis woudes, ter SmnblﬂblsévdVbC@pel nickel or
S bRS) b abgeeaibe SITSFRAENT ot S ey P RaRs v
sﬂvgl p’é%&ﬁls cGthbih ek MOfs&fﬂﬁ)lgeﬁlHGﬁR@iraﬁﬁK)headide(d i nto about

of tpoctyl phosphine ([O- CH Db P) and stirred
for er|o ut 7-8 hours

1o pgpoB it Sl aredul B Eb ApBUP of | BPERBSHL e 20out 45

52 @l et KR Hag B IdFoht)) cddMRARt dboui SOBbENsid@Eetboando-BhE dimethyl
mxtuie is stirred for at | east about 11-1 hours The

glutprate, Pkl 03810 dimsthay| gucblpgf; ép%glp%pt Stot®d imdeplysper, is mlxed with

abo[lltI fof Qgﬁpofa(;n]g%$ Eﬂﬁ&ﬁ 7W WAL WeE: Qhdidag, Hregat TWﬁmnel an aromatic
nbrane sol ution: The negat i ve menbrane solutio

hydmmrbpm segua (DopritctnidrigeairbiioreiPtmes fiselianaloapissiue éCAS 68477-31-6),
for fsi’tglgz}éf %ohh?h&lt’]a%bo tZ§ lﬂ% acgpo[% prg@lrabglxﬂ@a@lcﬁbon (Dupont) is then added

osphi ne or imlar stabrlizer abl
andshaixtirz stinpar foi elpemodl of abogdnild hwotsy dit resaltant aolutlon should have a
. dielectiic CoMpos it le L.
VIsSRaiRbi"aliE &bI°ut ag) ”tcjé(r’;'zsr :\r{?éigs about %5(:) 54.’9/ frﬁpt‘l aglt%rtgér/l%su“am
solutel Mi(sDubkidet thy HenedvRxsti irogh ameddi(¢HGEhan ok )of 32 Kleghinner may be

N L T M
least SFRET b &n EOMmgahPelkéRdeOha@bOdpodited oh AWoPpAIDUL antt Bied and
m of a dielectric conposition, preferably dielectric

bakgbipgagilitasaooldets of IRy ey HeNVisided and the nixture is
stirred for about 12-13 hours The resultant sol ution

Har%éltl\{f‘l\w ?eZS‘ﬂQA b0 QORARAERO 223 1R Sari @(ﬁl&tﬁcﬁbh%dSﬁlOﬁﬁtﬁhfacture of the
under a nitrogen atnosphere Manufacture of

cleqaogest ¢ gHergativy ff@lﬂe?é%“&?é“é@ gitgbl 5#@&5‘? BYVEE ﬁteﬂ’ﬁqit%T peggy such
as CBB[YQ,%&(‘G] JQlunSXanp! e silver, coppei, nickel or

Manufacture and assembly of the solar cell:

Printing of the solar cell preferably uses five print stations and seven dryer stations. Each print
station comprises a screen printer, preferably a MNR screen printer. However, a person skilled
in the art would understand that any screen printer would be effective in the printing of the solar
cell of the present invention. Each dryer station comprises a drying device capable of drying the
printed material sufficiently that the printed layer is dry to the touch. More specifically, each of
the printed layers is sufficiently dry that as the layers are printed one atop of the next, there is no
interaction or mixing of the individual layers with one another. In one embodiment, the drying
stations are ultraviolet (UV) dryers however, a person skilled in the art would understand that

any dryer would be effective in the drying of the solar cell of the present invention.
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alumnium mxed wth a viscous agent Mte preferably,
the el ectiodes are prepared using silver powders

w@ eovhiosrsee Wi t h a vi scous agent, m xed and t henPdr/Caezhohn0o165
one enbodi nent, the electiodes are constructed as
follows At room tenpeiature, about 48- 52 ml of Ag
5000(tm (Dupont), conppsing about 30-60% sil ver,

In APbodifre30% i lﬁ%rwlthegédﬁéradeﬂtlﬁ de;ﬁ)bl‘%dlt thﬂ&gﬁ@%l&lhl’@iebly lonto the
succi nate and about 10% vi n s m xed

th
subgitgesuend @ch Ry is éﬁfle@h@rlqﬁif ID@%%Q* exﬂz me&t ttlegskihg @%tﬁ\i‘e PV layer is
bak%pgg&c{oo he Rkt Bod HelifcMpplifd. NPRifera@p, MEQURIBId PV layer is baked in a
rocarbon m xture (Dupont) and a catal ytic re%,orrrer
confmcacm ovmatre sessilgally ¢ GAD6BLT7-IB1ue) cmfvs?tloatowe@asl?rymg of the

actlvb%Q/t 3%7 m@@gteﬁg%geéwl?xclm gs} Q)oﬂl {3[194( q{o%t/é/l %%Z%yer may have
G( pont) dded the’'mxtuie stifred

1mpé1(f¢ct1an ped mayl n@f babowdth.1 Balifg WémlnesacTh@ PVelgydrteapires the layer has a

hardszg", gémgjgg?sglr d E%u?m%lé as gegﬁcél a}){/q% ?ncq ?lﬁgglpg ll,} ?g\)ﬂch 1S an

orgﬁfgddhhtlﬂeﬂﬂ Fl&l rhSte@d]t@tquebltz e ¢desh ﬁl&ﬁex\pmﬁsmm Bakiigasvgees any growth
addi ti ona t of 8 t hi nner
the frewes 451 AR P Berretiol el 1 sRogT Ay ag%ﬁfg“géﬂce Hhich s of
partidd@r SApsHAneN i § sbReBelShd binBsled @id Alodseasiticahoute ]lyehmj;liy cause
On diying, the electiodes my be deposited (of0)
intengl oM SHENIIOF BT Hak e 466@?%?6#]6! Wef@f%aﬂéaggthg 6‘?‘6‘eﬁ%ﬁ
of harvesting wnes Harvesting wires may be constructed

Ondel @8N bh@e AR 8 Alepdsit@NaMS@ebdl Rari@ibE actesibe @fntddhzeld dried on the
el ectrodes or alternatively, from an?’/F mat er

surfags] ¢falip Scgaive G TFHVESL Nrge gmbetEent e @ﬁ@f@f@d&ﬁe 4gd these
w1ré%0299%[tach9& ekelcnr (B PodiUmaNRpM R A8 d@NdinasRedtosiment, the
he solai cell Printing of the solar cell
halwrefgewam gnduscsstive electipdperesprat¢osisubmgosdy epd dreyepingle printing
r &h

o S SAE RT3 a8 2, RELRR A 0 s copn
to fsdaqhtlatee@hse nf ‘sdiéeralgtthmmmcﬁtlugld*erestt‘aladconhatt éﬁyr eash edrihe layers is
depggJ %1 ag?woucl qlbe?sgoslagrgf ﬁ%{t/h\eéﬁ tbiagen d Em d’g edqg é)?ctt%cttl?% §o%racrell from
scral@ifr i ses a drying device capabl e of d| y| ng the

printed rrateri al sufficiently that the punted | ayer is
A nﬁ?’t?{%j: gf rtnlf? Ul mlgstlvés) sz?q? El%gllnfeisgr yab?ﬁaqyllﬂlfst{%%&e }n Flgure 4. The
metBbEutizbdd ﬁdaeﬁ)lpﬁnta{gqpodaﬁs dnhe‘inclhelxi t,hetthﬁi‘(ﬁc IS no

i nteraction or mxing of the individual |ayers with

ul ﬁ’rlégg%%gg)os(l%eﬁ]e&trm(ﬁem@ ngeV\?e svu*é)s&al?eeorg)rl)/l 1 mgigF ggﬁ% l%bje
the art woul d understand that

Drying the positive electrode 30 (step 110);

Printing the positive membrane 26 onto the positive electrode 30 (step 120);
Drying positive membrane 26 (step 130);

Printing the active PV layer 24 onto the positive membrane 26 (step 140);
Drying the active PV layer 24 (step 150);

Baking the active PV layer 24 (step 160);
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any dryer would be effective in the drying of the

sol ar cell of the present inventionln one enbodi nent,
weamb/oymyer of the solar cell is deposited threCmyoA2009/000165

mesh screen onto the substrate, and each | ayer is at

| east dried In another enbodi nent, at |east the active

PV | ayer is baked prior to the next |ayer being

ap@ringl Rigah@radhdrandNendchd ¥eivEYVIIayers (sephaked in a
convection oven, nore specifically a zenon quartz

i nfrai ed caonvect v ing of the active PV |ayer
créﬁ?@%“%ﬂpﬁ§@Fmgﬁp%%z ?pg%é to the touch, howevei,

the | ayer may have inperfection and nmay not be smoot h
BaliringnOfiartRengeird mel devathvayrer@Rsines thheeghdweanerhtasnes2 (step
hard, flat finished surface In addition, as the active
190py Iayer i ncludes a pol ymer which is an organic
matenal, this material is capable of growth and
exgnp&gamvaﬁhgmge@e@sgﬁﬁanwmgbmmﬂhskheO®namMe t he su
face of the active PV layei iemains a hard and flat
sur. f \ticulai inportance in a solar
(:elaf(l t%”ﬁk%F% éﬁﬁp?ﬁ@bnsistencies in the |ayei nay
cause internal short ciicuits or cuiient |eakage and
Eacte€ [ma&&rst dfehperdrecimang gagfin treethsbheas oCék Iincﬁm'(i@l &acly, however,
eaclélogthﬁq?yﬁ{ e1& ggpled‘zlllg/r z?[ggao ﬁbOﬂJﬂ é@ 2 Slr2?1§1§crgdncs) ft %%1%: n Blg]eg?n%odlment the
neghBr@eaRnda comivong wabadi sebling He-wegatvieVe the current or charged
el ectrode, and these wre are.atF hed i each of tge
freerféf‘scutff’i“vt@ YR releset Ve %ﬂ“@é‘i ?ro‘%%e bt Ef‘o‘ée&ia%en‘i‘em rane may

prefeRBlyNA&IhiME St lefiGavaest dt ne@ahinve Bl eedii@dent@idinent, the positive
printed simnultaneously and are_a single printing

merpbicels it ORIUCHRS RYIEREISEH @B aF A difkle B HRYEICREINE 2F A Rlsctric curent to

pasbﬁﬁl\ﬁe[ﬁé LOGH WM LESLIRY 10hBe pOAt R IWLbR: GRPREMHe kBne time blocking the
facilitate ease of soldering the harvesting wnes to a

flove oftharged Akt electesme froof flavties frapehosactise Wepds iticarpsigig clectrode. The
posf:tiwe enqemk; %&% g]%%aprrefgl ? éx?ubttthgr}esk?s%ﬁl%ﬁ (ﬁnﬁ 1@%({?%% 10 another
tect ["ar cefl

romsciatc |ng
emlf_mamm!ma(:thuldlfﬁgelm e tlﬁoteailstalptarmi cahgsoirirbeld thabresigance of the negative
n]er!Bllgl':a%(‘tS%I{ﬁl‘lg}lgg%slggvgsmtgln &ar}enl% flbOdlt gg(i Eggos Lﬂnllsl IW 1 CF;PC ﬁ%ﬁa?%’]membl ane
has b 8 sdp @Sistanvethal tepasode nBhbomnt.o a substlate or printing
medi a 28 (step 100), EXying the positive el ectrode 30

Har%%sg g wn 85 vfhge tc?nnggte% 6) z?q%ap 20 t%i E%a%v%?lngro @eco%g%tqm Qleétgg current
genbRR¥D roal’]@thlﬁtt(ngttﬁepsoléin)a Fl’ﬂlbsrethaﬂ@sttdgam&&tara/ eorAvttbdoethe negative
electrodeo nftmo e&zt‘n?plg %Syl golhyeerm nr gg‘({s tion, tﬁese e}glrvestn?g wires may be further
connected to a contact, for example a wire, and then further connected to a battery through

battery charger or alternative storage device.

In one embodiment, solar cells may be connected in series or in parallel depending on the
desired end use. Connection in series is similar to batteries placed head to tail through a series
lineup such that solar cells connected in series have the positive (+) output of a solar cell
connected to the (-) output of an adjacent solar cell and so on. Series connection adds the
voltage produced from each of the solar cells connected in the series. In an alternate

embodiment, solar cells may be connected in parallel. In parallel connection, all the negative
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Drying the active PV layei 24 (step 150), Baking the
active PV |ayer 24 (step 160), Punting negative
waoreoshiogiees 22 onto the active PV | ayei 24 (steppdiOA2009/000165
Dryi ng negative nenbi ane 22 (step 180), Printing ha
vesting wire and negative electiode 40 onto the
negative nenbrane 22 (step 190), Drying harvesting
outmg %{‘%1&%9@ drd/ gon?L:cqu t'bg&!ﬁe) r4fd glﬂh@ OQQ&Q olglﬂgérj%fagé‘é(ﬂg cells are
conggitealr togeshdr. nReyallehegnniegtionhd & Bllloelk I@é§913bf—‘elksr®e$ neli Yicgulg voltage
[ | ayers is geneially at
gﬂTgﬁgfn%%ugreigwﬁﬁgﬁﬁgpga &nﬁlck I n one enbodi ment, the
negative menbi ane is a conducting nononei enabling
Altlonigh WaypatticalwepreGfred brebaiiménenaef thy ingérdioy davefheaipdisclosed in detail for
| ectrons to.either t [ cti disclosed
BT GRS et Al Ve SR MR Eh SR BRI BTR! R, cicloe
app@rafu@ Shé hatoe lnafw1ab1®tlie 350 @hhs plleBEHaIﬂU’bllﬁEm e‘?dn@damﬁntthroughout

hisg e SR GO0 CRRADH T UG AR e BT e P puaties of
the BASS s 1M EHELPDKel hy ﬁ)ngﬁﬁftlfe&ﬂt@o bawedrnethpesmpomes is approximately
el ecti ode and at the sane tinme bl ocking the flow of
maiglitiedied free el ections fromflowing fromthe active
| ayer to the positive electrode The positive nenbrane
may prefeiably exhibit a resistance of about 1000 ohms
I n anot her enbodi nent, the different in the iesistance
on conparison of the resistance of the negative
nmenbi ane and the positive nenbrane is about 500 - 600
ohnms, whei e the negative nenbiane has a | esser
resi stance that the positive nenbi ane Harvesting wnes,
when connected to at | east the negative el ectrode,
collect the electric current generated on |ight
hitting the solar cell These harvesting wires are
connected to the negative el ectrode, foi exanple by
soldering In addition, these harvesting wnes may be
fuither connected to a contact, for exanple a we, and
then further connected to a battery through battery
chai ger or alternative storage device In one
enbodi nent, solar cells may be connected in senes or
in palaIIeI dependi ng on the desned end use Connecti on
in series is simlar to batteries placed head to tai
t hi ough a series
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I i neup such that solar cells connected in senes have
the positive (+) output of a solar cell connected to
wo b@of99out put of an adjacent solar cell and BCI/OA2009/000165
Series connection adds the voltage produced fiom each
of the solai cells connected in the senes In an
al ternate enbodi nent, solai cells nay be connected in
paiallel In parallel connechiasg, all the
negati veout puts of the solar cells are connected
together and.all the positive outputs of the solar
Thedpygnionshinkfinect ed t oget her Pai al l el connection of a
gi oup of solar cells does not alter the voltage
1. geneplat@d/taibsémienalntiessotutigh ceapresingciaagnt capaci ty
Although }he. artic%lar prgfep eq.enbogi nts of the
i nvBREITIBIA A BVEUE QAN YR WY RN PTG
|1 Igasdyicat bMeolpmkposes, it will be | ecognized that
variations 0 1 nodifications of the disclosed
apparatius and nethod he within the scope of the
Pi es&Nfy Y EALisORekOl exanpl e, throughout this .
docunent when quantities of diffeient conpounds aie
m xedytiunaiigeate:épd smal | ei quantities of the sane
sol,ut,] ' .as long as the rati o between
théylgﬁggﬁﬁggmﬁgtgggﬁgiinately mai nt ai nedCLAI M5 The
invention clainmed is 1 A photovoltaic sem conductor o
whesgh sifl photexsitpicisehisgndaetor gauion Rrpvedss phsgedi ragiclectipns ogfapplication
oflléﬁgtms%%fl(gtg\l/(!ltlﬂc!sgmco%Jclo!r Mlt%d : ndl um. pr opyl ene
yco ux, cai bon, resin I n an oiganic solvent,

stiontiumtitanate, and hjigh nolecul ar wei ght pol yner,

2. whek ehatovoitiid sphisesiielot wilwios aprosbrmiigetann 1syhgeindhe equimolar
ROV des ' ' LECEI R ScaRon AR sl @ 1&ultant mixt
B S o e e o B s U
in cphiot@ivo tititie: sentiwohdogt sreogptditoitinhigic moledilprgy dight ob kiner-
1, wherein the equinolai mxtuie is conmbined with the

pr opyl . flux, carbon and iesin and the
3 re§g¥¥§2§”%$¥§%P§'in conjunction with the strontium

t i taafivatedeciradeclayppheta segortddechipgghlaymm] ecul ar wei ght

pol ay pri[l%{o v%lt'zli_}c %Io\lf )as%m?c%lncliucgog 'F;Py%r' 1|sp%ged between the first and second

electrodes;

a first membrane disposed between the first electrode and the semiconductor layer;

a second membrane disposed between the second electrode and the semiconductor layer;

wherein the first membrane is an electron acceptor layer and the second membrane in an
insulator;

wherein the PV semiconductor layer includes a PV semiconductor solution comprising at
least an equimolar mixture of cadmium, tellurium, gallium and indium;

wherein each of the layers are formed on a substrate; and photoelectric power is

generated due to light that is incident from the first electrode layer.

4. A solar cell according to claim 3, wherein said PV semiconductor layer includes a PV
semiconductor solution further comprising:
propylene glycol flux;

carbon;
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a first electrode | ayer and a second el ectrode |ayei,
a photo voltaic (PV) sem conductor |ayer disposed
whedtmeersod he first and second el ectrodes, a fiPGI/CA2009/000165
menbi ane di sposed between the fust el ectrode and the
sem conductor |ayei, a second nmenbi ane di sposed
bet ween the second el ectrode and the sem conduct or
| ayei , wheiemthe fust nenbrane is an el ection
accewtmmnb&yemsdndﬁthe second nmenbrane in an
|ns€pna}mmﬂtdn whei em t he PV sem conductoi |ayei includes
ductoi sol ution conpiising at |east an
equiigioh@ecutdr xteighepdymeadm um  tel l upum gal I'ium and
|nd|un1 whei em each of the layei s are foined on a
whelr?m Szil(ri al}qo%?vo?talc nglgg %tgcgoldtl%n ﬁpo L?% tkl’?‘aé)%ggfelﬁ %532901%;62 rabl‘ﬂlcatlon
mﬂ@maphaﬂpb@bhﬂmm@ahdbmgmmoyﬂhamn13, wherein said PV
sem conductoi | ayer includes a PV sen conduct or
. Cg:’%t :,I]’cgr(llef gcrctoniﬁlrgatrg]%gpm 5S\lll%geupFaQ(P%ls?ﬁlgltsrg%&fnﬁ%lecﬂ‘r&&é)qayex COITlprlSC
émﬁa@eakeﬂh&ydehn@hawmkasu@aﬁ wei ght pol yner, wherein
sai d photovol tai c sem conductoi sol ution piovides
char ged flee el ectr t] f
: ph(ﬁ g@%l F %corsdén tggﬁadﬂ (331%1?6%?9 %Au??tol%aggon% mét%lg&bf)ov@cﬁ ?s%lelgcted
frord€leQiralipngndining lodkimed nickkiecopper asdrldnfinigh. and second
electrode | ayei conprise at | east one metallic powder
sgous agent 6 [
7. 3 /Ws]oé?lge aceordyy ggdf) claeastwlbeﬁeem ﬁtgl?els} ?1% <Gl %Qgc F(RN(F&II WM ffer.
sel ected fromthe group consisting of S|Ive| ni cke
8. copperlaranid a@buingto uhni7 3 Avisotiabaid 6isk cladwde i cm}z;{ltcf ccleairpde
3 whei ein at |east one said netallic powdei is silver
9. '% §oq| ALl SCCOI”dil 8%{39{1 @gwl‘iegenq L Bcdnd é"l’&%‘o@é I a%'slgvé H8dtrode.
el ec Ive electiode 9 A solar cel

accordlng to cIa|n13 whei ei n sai d second electlode i s
10.a posiltricgk agbwittd tg@énm 3, wherein said first membrane comprises a conducting

monomer, a polar aprotic solvent, a stabilizing agent, and a dielectric composition.

11. A solar cell according to claim 3, wherein said second membrane comprises a

conducting polymer, a stabilizing agent, and a dielectric composition.

12. A method of manufacturing a photovoltaic semiconductor solution comprising the steps
of:

making a first solution comprising at least one transition metal dissolved in a polar protic
solvent; tellurium; a strong polar acid, preferably having a dielectric constant in the range of

about 70 —120; propylene glycol; and a stabilizing agent;
making a second solution comprising

solution 2A comprising a high molecular weight polymer; and an ether, that acts

as thickener and stabilizer;
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10 A solai cell accoiding to claim3, wherein said
first nmenbrane conpiises a conducting nononei, a pola

w@piondwsIscol vent, a stabilizing agent, and a dPEl/€a2qpg/000165

conposition 11 A solar cell accoiding to claim 3,
whei ei n sai d second nmenbi ane conpiises a conducting
pol ymei, a stabilizing agent, and a dielectpc

Conposi Edl@t‘fbn]Q% AntRLRed ndf ureyrdf et bikd fdhr Protic solvent
phot ovol t ai ¢ sem conductor sol ution conpnsi ng

st eps ofolwRkd HgVHCE Rt Kestonp é%tWofrflde@-ﬁ%r@éqpﬁ&n%uglncglaétld dissolving
one tiagg) §dhﬁ[bn"§%tlﬁ'a Fide@l MedcH; B POl @i piotic
solvent, tellurium a strong polal acid, pieferably
having a dielectric constant in the iange of about 70
-120, pPOpANSecolinyieBE, and a stabilizing agent,
maki ng a second sol ution conpnsing sol ution 2A
conpnsi ng a di@idn nel- ﬁ@é‘lﬁ]ﬁ\ﬁmﬂéﬂllﬁﬁ(lm@b%ﬂ@rs,us@ﬂ&’edaﬂ a polar protic
ether, that acts as th ener and stabilizer, solution
2B conpri si n@lvgnwiaﬂnauﬂ@ Rt acipstqdeythe %ﬁ‘iléloﬁd’lfél‘l“?i?r@f‘rycm‘mom“m
sol vent solughle in watei, at |east one fatty acid,
and propylene gl ycol, and dissolving said solution 2B
m a cyanoet hyl starch and sol ution 2C conpri si ng
sol ution 2C-solutiepmsi- ? SORGTIEINg dhilgaRy BRcORP AR ap@u%ﬁélﬁeréda strong
in a poki pi ox(?# klﬁ %glall\fq{&(/m?aa\ﬁ' ﬂght&ht@ 19Ha§dﬂaH§£§dal¥3}ya non-polar
the addition of a quat ernary ammoni um salt, solution
2C- 2 conpri sirpgatathyldegsibopswévepbled aprotic sol vent, a
strong oxi di zing agent having an ability to initiate
| adi cal s, ai omati ¢ hydrocai bon
sol vent, angguﬂqgﬁ&mpebstablhzel making a third
sol uti on conpiising at |east one polar aprotic
solmpgig 2 hirpellyinarcornasingetieshencairlas priets sHiv A dgpherer that acts

as agqltetlflﬂbllrl g&cg tg?(l ﬁ%alfntl |d¥o§meumah1§glpi ﬁ?ﬁ'xgi% thk I@Qlt %ﬁlattleé)sft one alkali

east met al ast one non- po ar

1nm@omubmkwﬁmmknmgmamBOUth sol ution conprising

making a fourth solution comprising

solution 4A comprising a strong polar acid, a polar protic solvent; at least one
highly conductive metal; at least one semi-metal; at least one poor metal; and a

non-polar solvent;

solution 4B comprising at least one transition metal; at least one non-polar

solvent; and cesium oxide; and
at least one semi-conductor non-metal that is photovoltaic and photoconductive;

making said fifth solution comprising mixing at least between about 58-61 ml of said

third solution and between at least about 1.5-1.75 g of said second solution;

making said sixth solution comprising mixing at least between about 50-55 ml of said

first solution and between at least about 45-50 ml of said fourth solution; and
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solution 4A conprising a strong polar acid, a pola
protic solvent, at |east one highly conductive netal,

wa@eoobegshe one sem -nmetal, at | east one poor nePGI/CA2000/000165

a non-pol ar solvent, solution 4B conpiising at | east
one transition netal, at |east one non-pol ar sol vent,
and cesium oxi de, and at | east one sem -conduct oi

nonndi@izadaid PiovobaiRNefR¥Rd R GoRAsh E&Q}B&Q@ﬂ%ﬁg ‘s{tGIGast between
maki ng said fifth solution conprising m Xxi

| ea
abob@iq]@elﬁl HAlsaidili fygolggonndgy leasybatwesi (ixlgj)u%%q G ]i“gﬁf SéHldalX‘[h solutlon

13.
of:

bet ween at | east about 1 5-1 75 g of said second

Sol\tet @ eacBKINB Gol8@RInd isSirétRAbSQldddd ian nﬁﬁfgﬁlﬁ hisioQherd. Xi NQ
at | east between about 50-55 m of said first solutlon

and bet wee | east about 45-50.m . of id fou
o AT BT o BT L AP BB SVBI-P A€ s S Snigtiut g the stes

sol ution conprising mxing at | east between about
56-59 m of said fifth solution and at | east between
abouking 1 st sejutign cBRTHIgi xt h sol ution, wheiein each of

the sol ytiRB8aHost ﬁ' ﬁfnﬂ'0@9(11%10%“9(&)%&1@11@ bBiwEPARN 22- 27mg
at nrosphei e 13 A net manuf act uri ng a photovoltaic

seni condutntion, @@Hwﬂm@ﬁfdﬁﬁﬁﬁﬁSM@“ﬁﬁém§P@b§“Uﬂﬂhﬁ%Mﬁ@1%mUt
first SQ& Lf; %I}el‘ﬁgm{ An‘ﬁ'b@gveg?gﬁéﬁgfb M&Paméﬁ analgfde and

sol ution onpl I sny bet ween about - cadm um
distilled water, between about 4-8 n1 sulphurlc aci d,
bet ween beiyeeit abppt 1051 S of edlytipn; I FraoapasiBE L B8 M Eggeitum sulphide,

30-40 n d t 5 i
2040 T LISTE A LIRS0 DeLommny it 1.1

sul phi deyg chbot Bndrgr 1€ admagmigebpdinde, distilled water,
35-39 m propyl ene glycol, 11-14 ng carbon and 6-10 m

tp econd sol uti on conpri sing
soﬁ%% ggggiﬁﬁgﬁmmﬂaﬁ%p%b ween about 0 75-1 g of a high

mol ecul ar wei ght pol yne and between about 1 36-1 42
g of a $Qui@Y/seinutristg b@‘fwehlydiiod;k%ﬁ bl a dighjmglepgiar weight

HPC) d I
(4P pbuah o vt et ety 1S

but yl cellulose (HPC) dissolved in distilled Water

between about 4-5 ml of solution 2B comprising between about 25-28% of butyl
carbitol acetate, between about 10-12 % of oleic acid and between about 12-14%
of propylene glycol; and dissolving said solution 2B in about 90-100%

cyanoethyl starch;
between about 1.5-1.6g of solution 2C comprising

solution 2C1 comprising between about 1.18-1.3g of titanium dioxide
suspended in distilled water, having the pH adjusted by the addition of

tetramethylammonium hydroxide;

solution 2C2 comprising between about 100-110 ml of 99-99.9%
tetrahydrofuran, between about 50-55 g of ammonium persulfate and

between about 7-9 ml of toluene;
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cai bitol acetate, between about 10-12 % of oleic acid

and between about 12-14% of propyl ene glycol, and
waele@sndsderg said solution 2B in about 90- 100%CT/CA2009/000165

cyanoet hyl starch, between about 1 5-1 6g of sol ution

2C conprising solution 2C conprising between about 1

18-1 3g of titanium di oxi de suspended in distilled

wat er, havi ngia 2okl caslpishestubientabsut addint dv@nti@h hy@bkide
anethylannonlun1hyd| oxl de, solution 2C2 conpri sing

bet ween aboutusneided mtifed Wrtewg_ 99 99% t et r ahydr of ui an,
bet ween about 50-55 g of ammoni um persul fate and

betxﬂ‘ﬁ@i{g 2RRYEoIiR Drtmﬁﬁnstlig'buﬁ\&en st i -9fim@Brahydrofuan, 0.41-0.5 g
|S|n% bet ween about 5-8 nl strontium hydi o ?
PC%M“E\%%@@ iR dioridp.da- Mebe e kTR PR Ay ‘édvﬁk on D
dlclﬁgﬁ'@éﬂzéﬁenagd b%%@luﬁqw&ie 41-45 m tetrahydrofuan, O
5 g PCBM 25-28 ng titanium dioxide, 15-19 ny

tltanlun1|sopropOX|de 10-13 m 1,2 dichl orobenzene
and“#m8h§mé%%%&ﬁ*@ﬂ@@ﬂ%ﬂmhak|ng a fonth solution
conpi i sing solution 4A conprising between about 10-14

m  sul phstiisn @@tﬁlprmn‘gtbledv\‘eeﬁjab’@f B0-14 BefunsRiic aba Lﬁlstllled water,
40- 43 ng coppei, between about 10-12 m_ chloro

betweanibert 4 ute FRPIELGY APyt Ut chletiRiEh bl 235

gallmm IQPBeWéen%Q&Hts'ﬂHl 14§u§1onﬂp| i sing between about 30-33
dium distilled water, between about 15-17 ni

ethyl acet ate, between about 8-1 1%3 cesi.um oxj de and
bet ween salbeRit 4B RIS Deeat HI9shaiems ARyl Hiledaalsr between

about 1g5c§‘tt¥”§l§ﬁ{l el LR @R, AP ab&AYAl | RREdsRINPoxi SR between
solution 4A and sai d solution 4B, making said fifth

sol ut i onb@ohdr P vil Agjorpbsiizage; at | east bet ween about
58-61 nml of said thud solution and between at | east

about  1,5¢ile ¥QuwlePibos@iod] SREQNG S0 HdlabOR cq iR Ik RGO SAdDolution
si xth solutlon conprising mxing at |east between

about 5@A58dmid eflutsmi 4B,

making said fifth solution comprising mixing at least between about 58-61 ml of said

third solution and between at least about 1.5-1.75 g of said second solution;

making said sixth solution comprising mixing at least between about 50-55 ml of said

first solution and between at least about 45-50 ml of said fourth solution; and

making said photovoltaic semiconductor solution comprising mixing at least between

about 56-59 ml of said fifth solution and at least between about 61-73 ml of said sixth solution;
wherein each of the solutions is preferably stored in a nitrogen atmosphere.

14. A method of manufacturing a solar cell comprising said photovoltaic semiconductor

solution of claim 3 comprising the steps of:
printing a positive electrode onto a substrate;
drying the positive electrode 30;

printing a positive membrane onto the positive electrode;
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fust solution and between at |east about 45-50 m of
said fourth solution, and nmaki ng said photovoltaic
WG eowvogmguct oi sol ution conprising mXxing at |REECA2009/000165
bet ween about 56-59 m of said fifth solution and at
| east between about 61-73 ml of said sixth solution,
whei em each of the solutions is preferably stored in a
n|Qﬁ?g§B ahvshhsie. 14 A nethod of manufacturing a
sol a i conprising said phot ovol tai ¢ sem conduct or
solution of claim3 conprising the te s of printin
posirinfip@aacae F}éd@/eb?ﬁnaﬂ i§ing eﬁgﬂ“ﬁ?@ “HrSWVfa“ Yglor solutton Ponto
ggﬁ&%ygmghgptrode 30, punting a positive nenbrane
nto the positive el ectrode, drying positive nmenbrane,
rlntlnq an active PV layei conpusing said
photpvsfieardveden®®nduct oi sol uti on onto the positive
menbi ane, drying the active PV |ayer, baking the
5 actyumge AV deayery 1Qunt i ng a negative menbrane onto the
active PV layer, drying negative nmenbiane, printing at
| east one harvesting wne and a ative el ectrode onto
t he’ HEgaE P‘?,?é‘“hee‘ﬁﬁ‘?ﬂérﬁ’ée oy (e ﬁ@“"telrﬂ)s/g]&i’eq east one hai
vesti ng wne and negative el ecti ode, and baking said
sol @pingatdaiwheb@bmngai d baking provides a haid and
flat sui face for said solai cel

the

printing at least one harvesting wire and a negative electrode onto the negative

membrane;
10 drying the at least one harvesting wire and negative electrode; and

baking said solar cell wherein said baking provides a hard and flat surface for said solar

cell.
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