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PHOTOVOLTAI C CELL The invention relates to a
photovoltaic cell, including at least a first junction
whedreeon pair of sem conducting regi ons, WhePE&I/RPAD6/069140
| east one of the pair of sem conducting regions
i ncludes at |east part of a superlattice conprising a
first material interspersed wwth formations of a
second material, which formations are of sufficiently
smal | di nensions that the effective band gap of the
pHOEHREMAtL iG] 1l S at |east partly determ ned by the
di nensi ons, wherein an absorption |ayer is provided
bet ween the sem conducting regi ons and wherein the
absor ptrihen ihayen 1@%@1&&% sa tiFRke phalt o:v@'l t@b_?co 419N including
ad .0 soa to re in excita of char
at lcez:‘{’lrsrl &r :ftlz%s noc? e SW CKhés £ Hat® geﬁﬁ“l]éicirtfﬁlcgcmg
regiansel Swmldletae?r Miasedt ne ke nﬂteerpaa.lr idfsedefmichheducting
regidMENOLASE Al AULS J0.A JELNAUL AL IRIUIACTILING A o

array of phot ovoltalc he i ven I on SO

firstemettesitd anjIestsirsiaed ¢vidévifcematdansi mf & Fancd ty
matedfi fahotoMeIH adernelilchs @&@Wﬁ%@flﬂ%ﬁwwﬂ\ﬂoﬂl%&l31ons

ena Tl 0,200 PP S CR S DO U o
tdwmatamgr@ct fegyn Syeer Mnesmbmsat evheadd rofarglaasssPtion layer
oa%tu e(a %%‘wae% eecqfwste{ﬁwlacon%?ﬁ?’t %f trr %Q}%%r}ltd wherein the

ctive oxi

ab SO@@’F&@& Il\ﬁé’e@XICd@Hrd-}ﬁ@S aarmt@maﬁx rf|OfIS|aé>SIOeI3E€rlOH of

radl(aﬂtﬂo&hy%ro) a'sS tfoorr‘&dll‘%n irhe liaveriorAd N-dria%efe iirriers and
orrre n.the i-layer and a netal back contact |ayer

GO ey EXC IS PatlVees are s ned by
the fmaartm:ctllae ptlsayier. and/ or n-layer in order to | ower the
absorp n 0 L hout d reasin
their tg%%dﬁlgﬁ}le&ltafetogl %2%2 %ég %gi 8sEr | %% a tang‘&?}ufacwrmg
an agglaar Oéelﬂhqmvaihamﬂ @eddsa first active reg| on

i ncl udirpg @nsr@aerlbat biles ﬁretlerueel twher ehcbie 1Rand garice
a fir predet erm ned val ue; a second active
1nclp§d

fendi K Iullf@llﬁﬁya odeBbRE I Gi&rIL&t Cedd Smat eri al
wher ei Elxtai‘melbandfgapchas phsecobdrpiedetenni nedhval wad

phot%‘?%l%a%a Vl%r %I ect! r| cal I )(]SI nt enG oggectl n% the fi rst i-n

econ Active regl Tons such t’hat
photigeolsen ct ke 1] ﬁmpan@l@@c@ndramsmeleegl @m@stme:e made of

glas8MBiPRods tIuPenlaldted %18nmdl hilayered mate 'aalent
whose | ayers are thin sheets of sem conduct| n
CondPﬁ§&W§tPﬁ@de A p-layer is formed on the conductlve oxide

layer, and an intrinsic layer (i-layer) is formed on the p-
layer. An n-layer is formed on the i-layer and a metal back
contact layer is formed on the n-layer. Superlattices are used
to form the p-layer and/or n-layer in order to lower the
absorption in the doped layers without decreasing their
conductivity.

US 4,598,164 describes a tandem solar cell which
includes a first active region including a superlattice material
wherein the band gap has a first predetermined value; a second
active region including a second superlattice material wherein
the band gap has a second predetermined value and a means for
electrically interconnecting the first and second active regions

such that current may flow between the first and second active
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tetrahedral ly bonded anorphous material, where the

material is formed fromtetrahedrally bonded el enents
W@r00alb3nys cont ai ni ng sai d tetrahedral | y bondeRPlCT/EP2006/069140
el enents. Each layer is |less than about 1500 A thi ck.

A problemof the latter cell is that, in order to make
regllé{nsts ﬁf ’ L@S#&%&l ogl%fslsg#eqr}ta{?&lﬁtg cgfuslffl Cog%:gfl%a\g/eer ed maycerlal
who&eemaqz@rrd;waMeng;hnmt erhie@hx tdfatseﬁrarcr@ntdlme:ta@igi \ba rl@gsilﬂﬁﬁ;lng
tetrghI %‘r\glﬁ_ |a?1[{5t%1 ra% :L%f tbv?me'rréc' qqge mat'egflal is

bsor actlve regldn
form§@péﬁm§tﬁﬁ@éahH@W@ﬁéw ba@@ﬁ@geéﬁme@tbay@r@lﬂ@yﬁh@ontalnlng

saidS %%&Ja%fewr%ﬁ l‘ﬁ\ﬁ |}Jon@®8€ iRérawn sdevi 9 @XPERSING & Qhan
manuf acture . is an object of the invention to

aboufr dvi%de Aa ﬁﬁ&%ﬁvoltalc cell, method and photovol taic

devi ceat babbpzl‘eﬁwbdeth@ a_tartv,e&y cefifii @iselahaton\mr s;iﬁ@@rofco make
effort. Thi

r..en ven nanufactur
%%%CleN%l cﬁﬁgééaf%y "mean& Y5t Fﬁ@pﬁﬁ toygﬁpéﬁgnééﬂf the
Commeathqm§ cfardagteersi odd dif fielrantats eméastndome iofy tlaeerials
thate&ﬁﬁﬁik%% GReHG% Q%@q%n%f kﬁﬁl?Hﬂ%rla%%ﬁ&eaa%qquﬁf%%ctlon

t he energy excitation |evel the mate
of té‘l@sélnﬁtlld@ﬁtl ayeht ¥idd| &t edpseglegbdtanticalbioy ivgt diegdon
formeeasty @n%u®%rﬂﬁQtQﬁQJ9W0®é®b&§tb@@lb@V%&tQ% tiR§ers to the

ri.al of. h rptlon | ayer .and the effectlve
Sup e a 101 TG e b LB CBs SEPErTary Bbcause
manugedteast. a first of the two sem conducting regions

[ nol udeg 3l LAaSh;RAL! of cACSURSELALLECE, bhByiqe

phot ovaoltaic cell “can e relativel I ci ent

photpre lépfiec ciovd baRE Ngap 26 Phe toypditirat |d@érl|¢a:y thet provide

relattURed yt e fan cadwantageeus ibanee @bithe cpeldf, FReCHr Yiven
E e dlsadvag%a%% that the di mensions of the formations
| S

MANVGE S N f nust be sufficiently small to
provi déht.heobgpet!| ast eceiwvteh ag méhestbfetban@hgapvoltaic

celld'm%?g ngsf%%g&%%%%rq ?UK S%%%%Og@Uﬁ%ggtﬁ%% rg%l%

i vi dual yers o er attice -
effegiayel &@@ﬁf@fy\/\/@@ms:op@ RIS Isy}dpl@éf\l@tttécl@e ageposict ed tt@e energy

exc1@@hh@nal@Q@Q%V@Et%h% %@E%r@ﬁ§063|Q%eSH%Ebe%ﬁBn layer is
ati on resence of the

SeleFiﬁQrtSfSHQF%PP&PaigW §B§8$pﬁ|o 61 r88|a9|oﬁh§oe§§r€§

excitesubh ileveXcictfathenmaftecharlgefcahei ebsorplieon layer and the

e e .G 1.8 r r.red he . .
o el o Rub=dinanirey CREPRRFiveaey
of conBefFshen af dekrar enéiggt of the two semiconducting

regions includes at least part of a superlattice, the
photovoltaic cell can be made relatively efficient. The
effective band gap of the superlattice may be tuned to an
advantageous range of the solar spectrum. The disadvantage that
the dimensions of the formations of both materials must be
sufficiently small to provide the supeflattice with an effective
band gap differing from that of any semiconductor materials in
the individual layers of the superlattice - and that many layers
would ordinarily have to be deposited to build a photovoltaic
cell absorbing sufficient radiation - is lessened due to the
presence of the layer of material for absorption of radiation so

as to result in excitation of charge carriers. The excited



10

15

20

25

30

35

Wthin a photovoltaic cell, a distinction can be made

bet ween the functions of absorption of radiation to
w@eoenedie2 exci t ed charge carrizers, subsequent PCT/EP2006/069140

separation of charge carriers of opposite polarity

(due to the presence of p- and ntype doped | ayers

osite char are Iled in a built-in electric
chaiRE G i SFppGeia & AT BETGHS) O (PEnSport Tk kg Lot ice,
thuscaanhaerc&n@ndtheolelfe‘btdmm dfhesseparsdtoed cehdolar energy.
tranSp%rEQQanag%%t%%%ﬁt% e cAﬂladgaggggﬁp%fl%%ecan be made

propose struct that 'a séparation o unct
betweena dhiceied,Ctdrrd sc af k@é?SfQIIch@ﬂ ot infid§@d.iorhéo generate

excifieldmlrf dhe iahsor ptirn dayer fe@far%b,s_&frptdforbl"%frge

radlatlon can be sel’ected speC|f|caIIy to have a high
CarLiEdst i GRRAGE TS AWML helRiss thd b PeessiFs&domr and n-
typdﬂﬁdﬁédﬂhﬁﬁéﬂéﬂdﬂpdéﬁiéﬂﬂhﬂﬂgﬁdIdﬁé pas wel lims the 1t-in

[ t he fornat ans..of bath naterlals e
elecdc ect%lélt?qt 0 lﬁlr oVIFde *a déjlsfLre STt iV TR &g ? “Rfgoe
carrefefrectame qmwcga{prdeﬁertd@ @rﬁep@atartetdw@mhemamaapomtcﬁcbrcharge
carﬁﬂ$H§t@ﬁﬁld¥¥H¥§ﬂ £ apd dhe didensions (9fe ﬂgethat a

formati ons of materials in the superlattice.
sepaghadiitoat idn fuardiieors %%é‘%seéfre&trl GARd &per bfeorfurther

optlatissydat ITOR: @ffa’de&(ilaa_t ioam, twlaﬁkd@th@ﬂiég%@%(%u&drofaaﬂéhdl\@tion
t.ion in ocess, ste re.i.n endent of .the
%ﬁw %%ﬁESs<%ﬁnt %%féﬁi oty *depe éDJﬁ?lﬁ
abSQﬂyﬂnqnﬂcqaﬁﬁxﬁmanuMwwhﬁﬂaastﬂhe phase e@nd tssecond materials
fornﬁ(mftt' teu%nutp%rl\éy’ced’lecet h%seW]}la o'%hl e lme91fs Jhes of the

sorptlon er for a sorptlon of |at|on

forn@&l@é@&%@ St ia@ isy e tﬂ?ée&tfe@cttw&rt%’ﬁdiﬁ:ﬁ Slesired
effebﬁﬁdre Ua&ﬁsfg%rp Oﬁffée@&tﬂe\&lﬁﬁéa’kﬁi%op@fa@ RIcHdr e both the

ef ficient S i s _|ost, Jpon tr er_ when the
cherfoil B s PrIE P GRIR RS i RS i OF the
n@ﬂekemabﬁyHBQqudﬂawﬂh:tmelsuyenﬂmidumﬁﬁ Tegg e x@fi tahte on
S [ teri 1
leveqbse%?ftptt:{%n ayLeiﬁ)Le for g%%r p:ﬁf&g]%ofs%%ggﬂaﬁ gﬁé ex dlt?hcemn’
Whl@&lﬁeé§WQﬂ%@Qﬂﬂﬂﬂﬁ9 endiyy foawalt igey fds perdinypcess step, are
ndepébsfcant i lohe Qrﬁf&:@fécs%Ctde%h\éah%@‘é% bmy)forﬁy depend on

conductin re on ad] |n|n t he absarption
t5 HRETP Ao SO s (U8 Har g CAPAterd [ e oFL tuents.
efflciWhEreLQSE emengwtu@nldewe&poﬁ thansbeo rphaont Rayer for

absd ?)chle C QI §3RANGS o %féa ‘l?éas@%' %fs QLRI 1 &Y re

rably Tess t the upper edde of t
effe@rtﬂef@t iop@ dpgitdmee b@emﬂd R nstieaT qﬁom@sgatsléneeahameofcarrlers

is milrd @3%t Qretof 1lhe effecti ve Q%@@Su%%ntﬁ%ansfer ﬂ$en the

uperl attice and one of the excita | evel s of
lev tcé’nrurﬁlspé’f"tdﬁe Lo B A ayér Wi @b&t &ntsVal P4fat ch
prefatralbégsticane tofart e 1 eV, of the lower edge of the effective

conduction band. Where the material of the absorption layer for
absorption of radiation exhibits at least one stable energy
level corresponding substantially to an effective valence band
of a semiconducting region adjoining the absorption layer, the
transfer of positive charge carriers is more efficient. Less
energy is lost upon transfer when the level corresponds, for
example, to within 0.2 eV, more preferably less than 0.1 eV, of
the upper edge of the effective valence band. In other words,
selection of at least one of the effective bands of the

superlattice and one of the excitation levels of the material of
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excitation |level of the material of the absorption
| ayer and the effective band of the superlattice,
w0 e®peeciidvel y, increases the efficiency of thePCI/EP2006/069140
photovoltaic cell. The sem conducting region including
at | east part of the superlattice functi ons as an

er sel ective transport |ay nove t he
the cagor rolqéé/)tslod]e Y bség?’spttairgrf'al elmaf &sorgdorPryt of the
excCirtadiiatn dreveAn oe‘hbxmh mesrite ©Cicniprd £ eshea aﬁmdxaﬁjm‘n pPadyesr and the
effégtfvanﬂéﬂgj éyﬁﬁt %&ara% % %&g¥i|(¥E%fgg%es the
ecti v dch

havi ng gaps ecr easi
ef fifHeargivh oft qb@thQWQiftqm asdrhi c&ﬁ@cﬁtamgqm@mg region

1ncldt€1|d@d%ta 1dRer IRt o and amRd)10HHING: ahsIPtd AN a5 an
a material for absorption of radiation so as

enerc%yrsees]lﬁcttﬁvr? AR 1FY Chart@e FeHTiSerdie GaEiErs
gendﬂat@l&@SEdﬂgﬁhc@(dJat}&{ﬂ afod @kfﬁcﬁrp&h@;rﬂ@i&rﬂﬁdﬁéﬁ::@% t he
mat er i %I f. Thus so-call ed t.andem cel.l or

nul ti -J%unc PoR TSN CETEFovieded. STRES3d0anPade ot hi s
s emicsfd ugLiriad mequrtshatsauar@a;mdo@yusuemqtamwd having

efridifRy entnd anges LfcAhe 1 ?Q;{ %tiip%%tcfhu:Be dit diff &8N ot 1east

S, adapted speci fi spective
0 (HAGIE SIS KR Gbd SHE T hemTINsas GRS letidrgee and an
adj cQafﬂngera&sdrpe;ldrhg_ﬂ%IGEﬂ 20 a@fe rieat f\Mierab%cﬁflh Wig; of
rrier.is create aso t.i,on .of ton havin

rad]ﬁﬁg & SEnégy & ﬁaeﬁutq%t Cﬁt\?etli?a]né)fpfg‘a&fget ﬁ:@rr%ers' of
sucly ddiigrkniers swhihett |etanstaa;bs:@r BedelFherpr egromined by the
matd/TAdi1alel)) adj acent the successive superlattices, of

an absorption layer of a material for absorption of

radi at f845s03asor&atesd tangeaxesetat Penmyf téhargetion cell is

provdaled .efmhe @fdv%ldﬂ:ﬁgtehldﬂ(&@ﬁ% Ub&tfl@&wattﬂtdrp'lé VRIS i@ &an be

Oldecte m ned by, .t mat er.i al ensyres that as

use V§SSsi S frlﬁé}t?l?esné\? &5 € H 8T iSRE &b i
dlff@e:mme rtelgeorrasdl atdagrt ece agtees. fa cadty $e>mt¢@nchastpemglve
rang%%g'@%1@”dﬁ9&n§%%%%sth! t%%r%QEQ%QQQ%% c%a%mar e carriers,

superl attice conprises a per icalTy repeatin
i.e c&r%ﬁ FETIEER o &feh$adf wiiehf ér shergénicegidget 615 created by

aDso&@&QbhabS,aS@%BF%MB%bH%th%nhh@g%&g%h@%ggh?#an the effective
t e W an _eriec an erin rom
bandtsﬁp 8% %Hﬁ'ff $EFHOOn ATt Fatdr 151 &5 r?rpﬁéi ‘i %(ﬁ?a?lence'
immeldayaeleg yofa dfjlheesup errﬂeatstwm ssi@enpaped lta talcteer natfi \ae
abso%gQ r %%C%.ﬁét%qgﬁﬁ Wd&h s%%%%&ég'%%tra 1atlon SO as

att ce, this enbodi nment has vant aget
to r@lSélért EBUEECLS avarlf &t ghiarges el rsaper | atft isces @rhllam‘mess

that excitation levels are determined by the material itself,
ensures that as much as possible of a frequency range is
filtered out before the radiation reaches a next semiconducting
region in the series.

In an embodiment, each superlattice comprises a
periodically repeating combination of layers of different
semiconductor materials, sufficiently thin to provide the
superlattice with an effective band gap differing from that of
any semiconductor materials in the individual layers of the
superlattice.

Compared to alternative embodiments, such as those with

a quantum dot superlattice, this embodiment has the advantage
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i ndustrial scale exists. In an enbodi nent, the
absorption |ayer is sandw ched between the
w@egu7oenoct i ng regi ons and the sem conduct i ngPCERPIING 069140
have different effective band gaps. This enbodi nent
allows that charge carriers generated on both sides of
bsorption |l ayer caontribyte to the efficiency of

th
tm%%ﬁ%&%%&&a@ﬁ%%mwwwﬁwmﬁﬁﬁ%ﬁwan

indusarialis ercptliecorxdfstrsadi at i on conprlses at | east one of

a d'reﬁh afM gg%%&%& anoLdant &, 1 Iegg [ n%te%5%w1ched
taPs ~°Yhé ratcer

and a mat erlaﬁgconpr|3|ng nanocry
betwegpe toe @ﬁmeﬁpawuﬂﬁ@m@d@§gﬁ@m@raawst@@npemsp@@ductlng

regiBlst hRRAS @ i FrHEhr % re g1 veORShsl iag<of a matrix with
nanonet er-si zed particles regularly positioned in the

naterlgplslﬁmpﬁgé@eﬁﬁté998W§ Fﬁéta6§6F6?|Gﬁrééﬁéscaﬁnerated
on bbahnanuﬁal@Eedhbya©@@ﬁ@tﬁ@nth@y%mzeoaﬁrhhﬁt@a&blQh@s
effl%gd can %h%%efo% ner.g etlgilly mat ched to the

St'i Ve band ggﬁogp e adfacent superlattice . This

contrlﬁutes eobpdiinpg tt héhphokowolikadi ¢ocebbspebatibneby
radl%ﬁfb%'%%%prgggénb% mRleeular %%t%rbﬂh%c%r%eqﬁ%%nductor, an

readi |y adaptable to achi eve absorption in
Orgapdft e ﬁgﬁlﬁén@@t@ﬁlﬁﬁea§§lérm@ﬁ@éﬂﬁ&npoa§rWéumga§ano—
crysheilsg easi est to adapt to match the effective

conducg on b d and/ or val ence. band OE g gartlcula
super | APE S8TCFR ANPENBOATRBAT L Stha ShBarF el a-aLs
compgdspngs s 14 ipérisedistalilcf urepeat. igng cooshistadnigow folh matrix
w1th|ﬁ$%5?eggrd%ﬁE% r%qgﬁ%go%% gg&ﬁgngggﬁ% %erlak?o

fect is su tanti al % avol ny stress
materdeti- cdNnitEfgec Ratesd adisi § ﬁeaééﬁrPWay@rgd@ﬁ &aDr PlRous

manlﬁaﬁb%@@d%Qt@haﬂ@hﬂﬁlQF&t?&Qeeéilﬁﬁb barstiatks g&daﬁﬁn
superlattice conpri peri.odi ca
ther g0 PRg DBTBEHar o Yol APEFs Bf tRpdFagBratad band gap of

the sdgacandusuperﬁateanalsThIhecehteubumsstmopmaxumqtehe

phot%982q89%t gnld?eggkﬁveﬁgcg%%Hggekg a@%ggovol B%%%ul

manu acturlng an array of aIC ce
mateﬁﬁéﬂﬁdé§ed@9§§|ﬁﬁﬁ@lﬂayéﬂgp@ﬁbﬁﬁtép|aph@ﬁva p@ﬁ@ﬁ@t@pn in a

partfieuh aandapatt einicAg abikeasbeeneurl tBewkayens HRihQr Bhsiest
to ag %rr%ymgtcgh Egvgk%%bglgg cgnductlon band and/or valence
band of a particular superlattice.

In an embodiment, the superlattice comprises a
periodically repeating combination of layers of different
amorphous semiconductor materials.

The effect is substantially to avoid any stress due to
lattice mismatch. For this reason, layers of amorphous
semiconductor materials are easiest to stack.

In an embodiment, the superlattice comprises a
periodically repeating combination of layers of hydrogenated
semiconductor materials.

The effect is to passivate coordination defects.

According to another aspect, the method of
manufacturing an array of photovoltaic cells includes depositing
layers of material on a length of foil and patterning at least
one of the layers to form an array of photovoltaic cells,

wherein an array of cells according to the invention is formed.
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wherein an array of cells according to the invention
is formed. Due to the configuration of the photovoltaic
waeeiree3tbewer | ayers of material need be deposP¢EﬁP2006/069140
resulting in substantial savings in manufacturing
effort. Preferably, layers are deposited at at |east
one statio a production |line, wherein a ,
quasi - @ q%?ugﬁ’se Cé’rﬁllrgud?atfjtﬂnl qfs e ace P s igaddp s,
fewest adtdyors T sndtsemie advesd ageatspomiytaf, nessiacing i 1g
of S|nce he desired array
sub AR, 1O, Q@g‘%’rom ef}n&%éfﬁ FAG

can & cut Wbt §0VEr- T ti me- consuni ng
chanberP redredialkloni ri@&ieéfsa\ﬁoqedeﬂ@mttdqﬂe agx@tange gti mme

statedeen deposdddions, of s A&y ek of i A8 efi Al 186U, Qs length
m t he otal time to manufacture the array.
of %&o Sifotrett fg5ettStatie®phot ovol tai ¢ devi ce

accordﬂmgﬁ(iﬁlyhId@#ﬂﬁﬂd@édd&kMﬂﬁiiHMQdﬂﬁﬁdﬂdkﬂﬁg arrays of

ol lI'ls. acc rd| e inventio
phOtp v ce |C’Is%re Cﬁel VZJIy egcsy to%%ﬁ#ef‘crﬁﬁye,caé% Gruta pff from
the gidhilbi tMarpgosod derargycoonuersj ahafddrciensiltkheing is
av01dEG”Hdd”%HM|éde§% ﬂkﬁgnﬂé%%}éﬂ1J%§g§¥¥léﬁ?6§# %g;g}s of

reference to the acconpanyin rawi n
materigh difatGidalquF SHEWs thre bd%ﬁalld “Lieoft camasHimst el us ’fehe
arrgdhotovol taic cell, not to scale; Fig. 2 shlovvs an "

ener gy , dlar m of a variant of the oltaic ce

Fig. 3°§K % WSHAY & Ay Ty AEREST aﬁgtehé) AFgricdf@ 15t device
aCCCtIh?lE-‘-I'MIGtCD\Zdiet dincvegelilgn dmdblKidgs 4 sdherdtiitoaldfy hawsroltaic

cellas QJ&IMQ}I dd r{é}lef QLr Oehct uring arrays of

potovotalc cells. photovoltaic cell 1 is shown in

Fig. 1768l ylevisss 4 é@l@éééf@ar fgapor tiol masufaditvgeyhes well
as dAMEIIHioN: Jddd@RrRGtgAlc onh;@tzcs\a@nt alfx idewres;. the

photovq,lhalc cell, 1 woul d be psul ated i,n further

| ayer s, ndPY&Md Cond 1or REFe Iea @rs?r& Sh &gt |fé“fft(15]1e|r detail
withf are fegainiarg tich & heh ctcanomitaai vd nee ldr sfvriongst, he renairconment

and/orFﬁ?eeﬁss%%e%g%i%flhg Eﬁ%wglkﬂﬁtﬁﬁﬁﬁg %“bo ggn%%ample

t he photovoltaic cel tandem cel
of spPhehpyerént cadtld., NP s scase; the indivi dual cells

in therstack arnewel & %t%h%%b? dsapRast 8¢ LNvSeHia8s: of the
IIeI corﬂectlon is an alternative, but npre
Phot et

the photovoltaic cell, and

Flg 3 shows an energy diagram of another variant of

Fig. 4 schematically shows a production line for
manufacturing arrays of photovoltaic cells.

A photovoltaic cell 1 is shown in Fig. 1 only insofar
as necessary for illustrating the invention. In an actual
photovoltaic device, the photovoltaic cell 1 would be
encapsulated in further layers, including one or more layers of
plastic foil for sealing the photovoltaic cell from the
environment and/or sheets of glass. In the illustrated
embodiment, the photovoltaic cell 1 is a tandem cell, i.e. a
stack of component cells. In this case, the individual cells in
the stack are electrically connected in series. Parallel
connection is an alternative, but more complicated.

The illustrated photovoltaic cell 1 is a two-terminal

device, and includes a top electrode 2 and a back electrode 3.
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The illustrated photovoltaic cell 1 is a two-term na
device, and includes a top el ectrode 2 and a back

web@echeoe 3 . The top electrode is nade of a PCT/EP2006/069140
transparent conducting material, for exanple Snq2 (tin
oxide), ITO (indiun1tin oxi de), ZnO (zi nc oxide),

nZSn zi nc stanna Cd2SndX4 (Cadm um st annat e)
The ZC 66%( i o 1 qﬁnaoﬁr@éyspa e EROEBI S csraaeterlal
for I&ex%npdle |Sedst (pamtdyidmde DFO a(hedakm tSilrﬁ:f‘bzané\j ZnO (zinc
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transpare conducting ma
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n situated towards the outside of the phot ovol tal c
meta@eﬂ Y Ofhé pHGTGFIRSA e Soaduct ing Pﬁé?eéﬁ@édu Aéhtalof

embdelignent ,camer ibeesc mmmmdmta NG MRGicoRs 43 Q;onimrfatﬁefn of a
metaelnl%%% IEEQ ns&a e.rre%tn% uctelvr\%grq%lr}&rl gL,r écé}'e rfgarn&{e being

I ONs. palr or sem
Sltham%ﬂt itona rgs é;rhleefofutcal@m atfr dursp eitto troegilam ifoorcell 1.

el ectrens ?ﬂ@tbQ%lQ%ﬁ%rcb§1aﬁr§ﬁg%get%mkgﬁﬁhng aF #Mg. 1

efficient transport region for

COMPLHFE i r?&%lC&PdMC&lnﬂ Lm0t the 1Se Mitderd g&biagg ment s,

thereegiagn®ed f&mrm;rl i %RT e oiurésfdhatﬂe!g@%ns .Seyr @@r&dﬂ?aqrrs of
n_super attices ar nawn

semi e B A B P B i aa y §ransport

regl@@njpg ledtele thoonsn avar itéret thelose eanprigeidng d dyperct iefh as an

ff Inf-St (= I I Wi th layers of a second
© 1%§Fgflgfﬁ%b%6r% eﬁﬁﬁ%& ?%Fiﬁgh%%ﬁ thin to affect the
y

band g&p &A8 ?WB@@lWﬁéﬁePﬁ Rafoctysears afether gegiiconducting
regibhem4ian &@mp&@%@@Cbl%@ﬂe&ﬂ%&tLW@er%ehﬂ%o%b%%t%&stQ%sed on

noct, sta S, quantu dot s affec the effective
SuPerﬁ g%dgp of 'th n?ﬁﬁeﬁl gbl értAn 1ox &Afl BT6F e Yedr et e

termkﬁm@eaﬂagmp@elanﬂdc®e|@sedtt@uﬁemome bukhykkMWﬁieemlaMts
thoseAcomp§' 1%%”1%3%9§t %C%u%§§sko%a% %ﬁllé%%rs%g%%gﬁ with

sol ar cel Eur opean hotovo faic Solar
layegsnPér éns&Cand RREeBiLEileon PoPar Peingusa ffikikenthy Z@G@ to

affeSpehkabhingega@f ahide thayer edckicnd ﬁb%o@??@&bﬁ%d alrR tFR8med
herein_in nobe detail . The

fromlSﬁeﬁgﬁlgﬁﬁgngﬁchi§y85wpwp§§e t @rP&&?cSﬁl%he
nanocepedatbilsg oonpunaatiuondoftsa kdyertofha bﬁ%@bamdegaand gap of

' r t 1 scaldl I, a_l ayer
cne SEORCORAUSLEN O By okl e NEu R Dt i
1s Spk PM§. mere éuﬂSWSﬂnsﬁﬁﬁéamndﬁlmg"ﬁééﬂ@ﬁn4nan@5mdggtares

for é@meéﬁﬂﬂ@oﬁoﬂﬁhaéhlgﬁlQE Ebﬂi%"baﬁgkﬁrEh§¥EE§nlgﬁokggoltalc
Solar Engkg§tcg%%£rg%%grand Exklbltlon, Paris, June 7th-11th,
2004. Superlattices of the layered kind are comprised in the
embodiment described herein in more detail.

The layered superlattices comprise a periodically
repeating combination of a layer of a low band gap semiconductor
material, called the well, with a layer of a wide band gap
material, called the barrier. Thus, in Fig. 1, a first
semiconducting region 4 includes a repeating combination of
first barrier layers 10a-10c and first well layers lla-1llc. A
second semiconducting region 5 includes a repeating combination
of second barrier layers 12a-12c and second well layers 13a-13c,

whereas a third semiconducting region 6 includes a repeating
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second sem conducting region 5 includes a repeating

conbi nation of second barrier |ayers 12a-12c and
wG@emone1oel | | ayers 13a-13c, whereas a third PCT/EP2006/069140

sem conducting region 6 includes a

repeati ngconbi nation of third barri er layers 14a-14c

thlrd ers .15a-15c. urt fifth and SIXth
Combslenrﬁtclond ﬁ'cgéaorrifslef d 3% Su glfl‘:t i el
layesisxtip arardd eerLaytér,s 6 6oyd bﬁatb?@eﬁﬂﬂtol&&dt&ﬁ;g

regifaPecty uel v, Al tﬂd}aéii ng: gtthh @czt Wt and sixth
well |ayers 19a 19c, 20a- 2t
layerrés&é@t 1A,y 1 Frmd Aralanes 1cﬁra11r$@,t rre@me:stsw@flyt,healternatmg
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amo @R u@f §ﬂT§d@ﬂ %ﬁ%r&%ﬁ@r%a%lmn%gr%%g Qﬁ%kyghgrphous

Sui t ab nts ‘can

A ovvers th e
siligpn, OFgt S-SHHOAM o T5eGRaAh SR Ldr FaS ifér demends on the
depossltli®n bo@d1&h®nwednd @%Qﬁ%slimb&,1561%N2lcﬁﬁﬂSN%NngAlloylng

N: H i O H.,as materi
a=s agrsﬁﬂll(grﬂs car%On’t ﬁ)g{ryﬁ%ﬂ ic&r o é’lg§n10’l%§nf4 tf@ %@ndﬂ‘?@p of
the pdhoperi otliesestsr Uctowrpogfatdng g rbasedn dyers sandthet band gap.
SUlt%%u%l%%b%%l%%%&%g%%ﬂt%epﬂé%!V% eu%qgrd'n%Hl a%%f%C%EGe :H as

elimnate the stringent requireénents
matedgdedhitRg Fﬁ&twﬁééﬁy ﬂoecr$§€aWEﬂﬁel§Nﬁéﬁléﬂbﬂ§e§5 1Pp21 and
u81n@O@WBhbeH$U@@Fh@tﬁl%&Sa—@ﬁ© @ra@Dhét@&l§QV§b@|the barriers,
ues may be us 1§h%% eg%nl es incl ude
i.e. c%éﬁlggfr&gﬁoéﬁyﬁgﬁo iy ré8etPve TPEo PRSP g,
strucgacei vé @e6i): Hevapedatliegersebad fhenabdﬂaQQUbé telrogen to

passibtS! ELAM RARIDHE 120 v AN AGRANS LRENILIE LS.

| 'asma En ance em cal  Vapour
r equTFiie@eflééh APgué ats 1agv ﬁ‘ﬁﬁ&@éﬁas tbééa@@@ lyh&calclrypitag lofe

supe@idkthicean be acconplished easily by adding

appr oprlate gases Lo Lhe silicen carrying source gas
techniques may be used. These techniques include chemical vapour
deposition, reactive (co-) sputtering, reactive (co-)
evaporation, etc. To manufacture the illustrated example, an
advantageous technique is Plasma Enhanced Chemical Vapour
Deposition (PECVD). This technique is advantageous because the
alloying of a-Si:H can be accomplished easily by adding
appropriate gases to the silicon carrying source gas such as
silane. It has been demonstrated that superlattices can be
fabricated that are neither lattice matched nor epitaxial, vyet
with interfaces that are essentially free of defects and nearly

atomically sharp.
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silane. It has been denonstrated that superlattices

can be fabricated that are neither lattice matched nor
wepiovasiltet , yet with interfaces that are essenPCHEP2006/069140

free of defects and nearly atom cally sharp. The

adj acent sem conducting regions 4-9 of different pairs

are seﬂ?{ated by tunnel -reconbi.nati on Junctlons 22,23

t hat CuGEIRTYre SaAd SONASE 1PdgitedonPhd —9 of different
pairnsurnel -segeorbienatdon yrurdi-irenon2d n2d iprovie tfiamd 2, 23 that

e erj ct er th nbl nat| .0Nn of
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Junggdions @2 %nprc%’ﬁdiﬁctﬁqrg theyiione mmake s eplisce. connectlon,
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gi ons,” one i s arranged unction as an effici
The F@gﬁw&mtﬂ@@ S fge W&Oé@-g@@etrﬁée@t KErrdergn in the centre

of tefef junemt ol aRSPEY tthcePuaitehner fRlRGhORSruyHt e solar

cell. I lustrated enbodi ment of Figure 1, the superlattices
dre attached to an N-type sem conductor region and a

P-t ypeOfermecbngadtroptr egm@nonduet1dgpeégsemscondectler arranged
to MSYARS %@a%hf%&@h%l%%&t farks %r%qugh %Sg& WAEON 2y the

junctions 22, 23. IS noted ha regi ons
OtheﬁafSa@§oeééﬁﬁﬂﬁ§é §&§@ﬁ9@ﬁﬁué@§lonsfp§ welelctReewn, Irhahe
lllusma@ee@h@m@©dumehmeo&l&ﬁ@m@@thydea@ds&@@kqg&@q%b%r%re

ted due . to the qut-diffusion of majaority charge
atta%;?{r Fi glps ainrgI mRE &gﬁléé:olnﬁj)‘f&t? LgityEd ori §8% 6 %ntype
semijconeurdlo relregtiving fii.el.d doPkids seriingadabautr aegions that form

a pa§%p%%akh%nt%%ﬁgqbkg%o&QQEQ%lg rﬁkgr?l%R?aE%dzgy It is noted

exci tation e conbination o . and “sécond
thatsEhpec ORBGE: TRE1PBGI HAY 2150c 6AVPrLSesELRETéASItdFESn a

flrSt A@ngg Qélﬁh@néQhartﬁﬁegbéég]cﬁQ@g@oﬂﬁ'Bﬁé'Qﬂf@Erently
ird .an ourth sem conduct

dopegonsirengig 86ﬁdgea fFPEFEN usuﬁopg§§ B8 S&éﬁwéﬁﬁpn@f
majoregiyorhefrgeheasoliarsspectr uhe dngetih@agembi paveenrake to an

1nteEH§lfb&EEt§Qg %+éﬁg S%Hﬁ ngﬁﬁgngboﬁglgngeg?%a¥lon of

anot her range. unne reco nation
mobije Egaéﬁ§uﬁérﬁh§?5tﬁéeﬁﬁﬁéebyaﬁﬂ§l§ﬁt3@ﬁlc@héu@pmhgnatlon of

the Feg@k@nsnar8ecebaeat kbmakbyacennagt edqyiBnseni €Sconverts solar
energy in a first range of the solar spectrum, the combination
of the third and fourth semiconducting regions 6,7 converts a
second, different but possibly overlapping region of the solar
spectrum, and the combination of the fifth and sixth
semiconducting regions 8,9 yet another range. The tunnel
recombination junctions 22,23 ensure that the three pairs of
semiconducting regions are electrically connected in series.
The semiconducting regions 4-9 have progressively
decreasing effective band gaps. Thus, a first and second
semiconducting region 4,5 have a larger effective band gap, so
as to capture photons in a higher (frequency) range of the solar

spectrum. Intermediate semiconducting regions 6,7 have an
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The sem conducting regions 4-9 have progressively
decreasi ng effective band gaps. Thus, a first and
W@ emone18en conducti ng regi onid, 5 have a | ar gePCT/EP2006/069140
effective band gap, so as to capture photons in a
hi gher (frequency) range of the solar spectrum

' d 6, 7 hav
o PR d Ve Band B 1T AT IAe Foddloe gl ol
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excitation levels are determ ne ir i tion
PersBItate \%QI ugs fo&pttllgfél ﬁﬁlly&{ﬁegé élﬁeol%nmg%regﬁ& SafGdt
absofrpttipnnmt peefiertdlony aidj canr &hge rabpetttior smpetiettices
formﬁ%@oﬁpbng l%ﬁ%gsa%% 2% Eﬂ%ﬁcgnEEH§§n@sgl%%%E the excitation

sem cond UCtOI‘ terial a materi al
levels| agpy Ry eRrgResh®ar shicdn coBPPEaiean -ofuiGable Yegues for

the emitks@skhatet e absenpki apohdyengtI4nad g@%ta%a%ﬁ@tln a
r exanple CdS with a band gap of 45 eV has

rangtehgggﬁgoFspl Of-coefficient at 500 nm around 105 cm 1,
Cu (I nTheaaab(sSept&So)lz,laWarshZbaﬁd :gap campbéseaei adrenot

semléogﬁgégoEa@g%eE 8&’159c§° Ztgy eﬁvhgg TOEE %iggﬁrgxlgh

range an absorption coe |C|ent
abSOIptl%sépﬁﬁfﬁéﬁli@ﬁﬁop‘ﬁeé Of heo ek@] taait | ope ofhat eele omsorption

1aye&eogutue &ahea@ekbgtthﬁlﬁon@agtbgampaedCdBBba&hvglﬁand gap

gheebﬁ p%h g%&%%gggngge%flc1ent at 500 nm around 10°
cm™t , Cu(In,Ga) (Se,S)2, which band gap can be varied in a broad
range from 1.0 to 1.7 eV having in this energy range an

-k, Absorption

absorption coefficient between 10! to 10° cm
involves the excitation of electrons from the valence to the
conduction band. Relatively high absorption coefficients also
characterise an alternative, namely organic molecular materials.
Such materials are used in the example described herein. In
organic molecular materials, the excited charge carriers are
commonly referred to as excitons. Suitable organic molecular
materials include porphyrins and phtalocyanines. These have

narrow absorption bands around frequencies corresponding to a
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characterise an alternative, nanmely organi c nol ecul ar
materials. Such materials are used in the exanple
waele®ecioedierd herein. In organi cimol ecul ar nmat er i BAHEP100€069140
excited charge carriers are commonly referred to as
excitons. Suitable organic nolecular materials include
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charRreefoaraliley st laer es teatas therdo monttiheh Lidwe sthainge cagrirdceMdlcular
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Mol ecul ar [ ecul ar nmater
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| f
thisf hs %%%gﬁgv algéleéj I(jf!@llelu £ e%ef%ﬁ?u g%%ﬁ%%gﬁ%%t agr am
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subst ant i al he properties of intf
the §émecélﬁ@€€€| ﬁ’é RECEEESYs. They form ener gy sel ective

transpeiy.l ayensushaykg aneoBdHEthONcBhcept of the
photovoltaic cell 1 by means of an energy diagram. First and
second absorbing layers 27,28 adjoin parts of
superlattices 29-32. The superlattices 29-32 have substantially
the properties of intrinsic semiconducting materials. They form
energy selective transport layers, having a conduction or
valence band substantially matched to the stable or excitation
level of the adjacent absorbing layer 27,28. In fact, as
illustrated in Fig. 2, the conduction bands of the superlattices
30, 32 are slightly beneath the excitation levels of the
adjacent absorption layers 27, 28, whereas the valence bands of
the superlattices 29, 31 are slightly above the stable levels of
the adjacent absorbing layers 27, 28.
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val ence band substantially matched to the stable or

excitation | evel of the adjacent absorbing | ayer
WQ@700286310n fact, as illustrated in Fig. 2 , thBCT/EP2006/069140

conduction bands of the superlattices 30, 32 are

slightly beneath the excitation | evels of the adjacent
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semummmdweunhqinegmmna@enbnsewmcamd@@tmm@méﬂyﬂy&deﬁw%%ﬂah

t.unnel - r conbinati on ctigns 33-35. .The t
Junéel %%bﬁ%a?%oniﬁUnggpgﬁg' C%§E@§@ l@@nﬁﬁp§§l§nﬁa@% g% each
Comp§é@ﬁc@n@@@MIq§IS%W%Q@nd@ﬁél@ﬁ'theh5|so@@pedfmmunﬁkas doped

to mlalked iR- BY@QE?QQ‘%@Myﬁaﬂdﬁ%th%%eﬁaﬁ%Qe %%%e %?nb&e it
an N-type sem conducting | ayer funct |on o
anWG%@Sﬁ%ﬁﬁ%ﬂﬁ%ﬂﬁ%ﬁo%@§%@%@%%@%%@m@ﬂ

recom@ﬁmemhb@njbﬁtW&Qgsth% ﬁQSPQ©&hﬂ% SURRRialst Ie8$ 29132

h rated .absorbin to set up
betd@éﬁ tb%rnaﬁpgl rlgup'glgtiﬁFﬁln%§h§§a@ﬁl ing§i9gR tee
absoﬁhenghéﬁwvabtéﬁc2@elbnﬁ toFisgt 3pi bhudtitatres la edadtanitc field
with@h %ﬁ% gengral & %%p%fOEh%'%go%og 1Eﬁch%%ﬁ%y%'ta'°

cell by neans _of an ener i'agram ain, first and
second éBsonP%éuﬁéyéF§52? ZsrééP§|ﬁfpﬁ gsggheral concept of

Fig. Sapeﬁ|&hbl@@%t%9033a1H0W%EQrJtb@emﬁﬁﬂgrb@tghc%%f%%g3%1agram
alr are ren I n e I Men 0

roaify  #13WRIRRP oAl BisosBi 56, 35V5ra " 2dh by a4 Co e ts of

Supedﬂﬁténeﬁﬁ ePf-8et.i Vieweard ,gaps wupkirdaatpaies. 2Phreé2barid a

81ng9@p§a§&ea?%gﬁﬁ%%§§%n%qu %ﬂ%t R%géﬁh%% %%r%qgf rCeél“he

carriers exclt super
Supeﬁé@éﬁa§eﬁh89r§ﬁnéweré@éﬁﬁwﬁétF@nhEUﬁcﬁpéﬁeg¢ntwﬁéﬁ@@§1ve

DanquapEIw&tﬁﬁargep@a&rleh%,b@&@lgﬁgslar%h%néqa%%&%Btbﬁ%h that
driven towards theatanne reconbi nati

nega%&ﬁ@tlgﬁr§§ CBrgleASshERS1&° r&&ugp?oﬁupﬁﬁéa§élF8r29' are
forcadnubaatd5|mgeamuameayrebombhaatﬁehlsquthohhe4, whereas

p051§99E'gg535509a931E%§ S%k%&tgglkg6 Bha%ﬁgg§lg%%ﬁce 30, are

escr uétion”l
der@@nﬁPW§é§Stﬁbesﬁaﬁn@ﬁsrg¢c@91np§spnwhu@ﬁtaoneﬁéth of

f0|| i sigdvansedwsThepaprhayt 0bnSPLAL GEl kSri 8ahQERRAuring an
array o%hgoﬁgklceils with the configuration of the solar cell 1
that has been described. The production line 36 in the example
comprises two stations 37-38, past which a length of foil is
advanced. The array of solar cells is formed on the foil as it
is transferred from a first roll 39 to a second roll 40. The two
stations 37,38 are exemplary only, as there could be more of
them. In particular where PEVCD is used, solar cells can be
produced very efficiently by forming the layers 10-21, 24-26 in
succession at one or more stations 37,38 which are positioned
along the foil path. Patterning, using a laser or other cutting
technique, 1is applied to form the individual cells. Due to the

use of the first and second rolls 38,39, quasi-continuous
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is transferred froma first roll 39 to a second rol
40. The two stations 37,38 are exenplary only, as
wao b@reexaonul d be nore of them13n particul ar WheCEEPEHVEB9140
is used, solar cells can be produced very efficiently
by forning the layers 10-21, 24-26 in succession at

t 37,38 whi_ch t d al
oo R 2 UL ML) TR0 Ltk

diamsetr r@g? tté@hmoqu@ 3% 4applisethade osmithe.i Adinsdydualf a
sult%%llles i€ cta% Eotée f%%f?ne%lf f&% ft'hr Stle%%‘%hs %goqf%lrlo' lf%er

, quasi - conti nuouspr oducti on, m t primari
furt@@ltWéQﬁﬁﬁsm@@,pﬁ@@wa@ébﬁ@ed@@@éﬂ@@tepnt@é p&dsilc

prot%%t‘i@ae S yBEE ROSSIRIRVA I3YS Bhckislyy tl%?/le% SicAQ Cafe
roed fromthe | ength of foil after further

arraﬁk&@e§§@ﬁgln§§€ﬁ°&§tﬁﬁel§§ﬁl@c&@@&ﬁVGﬂtﬁﬂésgﬁalce including
tptd@e@bmmech@yersndth@tnemamabd@ﬁtaohaakbﬁqdwmwmy The use
rr S i.ncor par
of u HQFO&E?t% éﬁ£gﬁ CSH%%§|U a%%O%g%ggIe ggﬁﬁ@ FoﬁQ and
COHJ@@PWG@@IW&&@lﬁM@@éﬂaéﬁﬂ@@ﬁtMythTﬁéfﬁgélNE brinds gefos

eng 1%%%6“ oS &la@eh @ aR$RLRING SFREEHHR! $ £ B HEORG QN
superlattices with effective band gaps en |neered

eSpeF&a yCHntﬁetéﬁgﬁﬁpF@&ﬁ E§H§§g8ﬁaﬁﬁénnaﬂ@*@§lt
photespéciadld yeiviica tdidemeeel lanconkilgiratilgn undkes itheed to
d%% tovoltaic device efficient and relatively
unconpllcated to produce . The invention is not

|i mi t edheoinkensabodimenps démétebetoabbeeemrhidhenmay

des ctﬁ. PRI 1286 v, t il chn&aSC eRe vl 1Ele 3¢ arPaRK RGPl la'o'fs the

For |nstance t he absqarption bands of the nater
aCCOP@Pngﬁgarﬁt@éﬂSofFP&dﬁ&ﬁFéﬁCﬁaytaﬁeﬁbéﬁrﬁéﬂpmabﬁpds of the
mateAlisds émmodbmemp$l@meoﬁO$aubbelwhemayno@@91@b @@leally

palr af,.sem,_conductin 0|n|n a | aye
Alsog, SEPPIHSEIEC |$epgg%&%§%|gﬁegg aapgt §%nﬁﬁéropf
seml@@ndngmgaglaegdpm@cadoplmn@grecﬂ@yeewfomndpetmmgm selective
abso®kebhabs Astiedd o 1GOMRLLSILRY 18 §Hggﬁaﬂgc' CQirect or
Furthernore, the pairs of sem conducting regions

lnleSFﬁvn@ealﬁﬁpépstl@ﬁcwﬁéﬁrééﬂp Fay teds epacamed iy ng a

sup ek&ﬁ@ﬁ:& cef, IF D@t garing reem-eendugtisng rmaten kahduer 1%@0 Redions

i.ded in._between an eIe tro

formyBle BB e R ER oo ap B B, SPesrer e b tadeRs of

inorgénlieastmacbndsttiingc magr rheflweemn apphla @ﬁyer may be
proviBLCONIUELLAg T 8l ansckaodl JMieheLl At LeRskeone Of
he pair of sem conducting regions PREFGdes at I east
part of a superlattice conprising a first materi al
interspersed with formations of a second nmateri al,
whi ch

pro
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formations are of sufficiently small di nensions so
that the effective band gap between effective energy
whand®exh2 t he superlattice isléat |east partly PCI/EP2006/069140

determ ned by the di nensions, wherein an absorption

| ayer (24-26) is provided between the sem conducting

regi ons and wherein the ab gﬁgon | ayer conprises a

mat eri al for absorption of radiation so as to result

in excitation of charge carriers and is of such

thickness thabreyehtati-onchgvel %c@ﬁelqgth”]@%gtbﬁ Fhest
material itself, characteriséd in al : east one

JUNCHL G DEEFEEEY 1oy & ey S@gﬁd?son&ﬁlqtﬁélgsaﬁmom i de %nd wherein

at l@mtoforltelﬂ@fe}tmd glaiion dfe\eedns cofhndiuee iRt Qrélg@or%f ﬂrﬁ@x}des at
east one o

Qr ti | ayer i el ected ta match
leas g gﬁc.?2t|§ﬁaeg&a€§ F 8 FhdSeri%al® of e Material
mtean@mrmadorwutéyéloramnoh@ @fﬁ@cwa@@r@etagqerband ofh itdre

formaHRONAttHLC e r LSRaCt:] e\ﬁecI E’P sha1 1PRATQYQl T lC fs%e Ithat Lhe

according to claimi rising a series o
effesdiiVeohdtét 978 PEGIVERS @45 SCtigepsrarey wqo\mtﬁ drh@

supe&ﬂdtha%bngse%ﬁeQ%B%Q @%&@l@a@%t@Qﬁﬁ%%%l@@aW%khd@%@ﬁ51ons,
n_ at em can

wne B on BBBEPHAon e SadSPIcA: i g i g he
semlb@%@me¢2¢g26ﬁgobna rEide wihalrefior tales abpbirpit ioh layer

comp&%@b@t'oﬁa%%r@%lt% €3 %%I?Ql%ﬁCBEaEE%Ea%EoCharges to result

carriers, of such th|c that ~excitation 1 é&vel’ re
in eggispfilRBd Oy CHRE IfRCErITAR TSt 8I0f 1s30f ISM@ﬁlo\t@lltCéqn@ss that

excitaklioaCcaereilrg atre cledicPnin@ty 2y, tBRCHasWRPELhattisee £,
rlodlcally repeati ng conbi nati on of

g
CharF§$§F§sF%Olﬁl) 8% different seniconductor naterials,
at lsabti onenblfy thki eftfecprioe dectrhe bun@elaﬁtthe wmb&ra@ttice

and %Egeg%' ﬁebggngngghfﬁg@lﬁ%hf%o TC?EGSF F 8F8tgﬁ

seni conduct of materials
absorpéisnpéplatt iiee sedecplet svohpaict @élﬂeascopdengftohe

exc1@ﬁ¥1@ﬁel@5eﬂgeo@rQ%%dhﬁgegl@H”%f %ﬁ%fébBoEB%log layer and
Intrinsic sem conauc

lattice i rise
the %gggﬁFéV§ ﬁﬁﬁrgﬁe%ng8t8§oFP§|§UQ@F93FGFFﬁerr@éﬁﬁ?ﬁ§§§ly
at | easdt oneu@a®vUDfdﬂ¢f&eIEn&byod@pﬂ@ bbtypgamdl, compr131ng
a se?ﬁE¥p8f3§ anggc eﬁgc Fg %n?LE%G ed tgé glgéggraged by

e inte ric
juncgépps gnd Pﬁ@@@qoﬁﬁ£EGt¢§EIbaodogdpﬁngoraay10gewoth each

pair} hgnprecgdipgiehak ey Wher ehn EgﬁlééﬁaaeEhH§ @éﬁgngs (4-9)
ndw ched bet ween sai.d sem conducting regl ons

lnClga?daséﬂPEB GEE%FﬁgaPQg?Bnédﬁa%élagfiéV@ﬁt (@freéti ¢é& a

matebaall §apsabsorption of radiation so as to result in
excitation of charge carriers, of such thickness that excitation
levels are determined by the material itself.

3. Photovoltaic cell according to claim 1 or 2, each
superlattice comprising a periodically repeating combination of
layers (10-21) of different semiconductor materials,
sufficiently thin to provide the superlattice with an effective
band gap differing from that of any semiconductor materials in
the individual layers of the superlattice.

4. Photovoltaic cell according to any one of the
preceding claims, wherein the superlattice is comprised of
intrinsic semiconducting materials and the photovoltaic cell

further comprises at least one pair of differently doped N-type



10

15

20

25

30

6 . Photovoltaic cell according to any one of the
precedi ng clains, wherein the material for absorption
w@booraehiier i on conprises at | east one of a di r eBCT/EP2006/069140
sem conductor, an organic nolecular material and a
material conprising nanocrystals . 7 . Photovoltaic
and Cﬁlﬁy;?é: i 6h Q- A1l O J%n§ haerlpgne§ee<§“{]g lemfal Mise to the
. wherein the ,supe.r(f attice %onrprl ses a perio caefly
iInte et RS Corbi higt 1 drivbfhimydrs ooyl oficli ¢4kl ent

am-’lr phaus 3%&@%@1@&% 'E%tlfa_r italf]@c\%rdqn-gd_%%Otagll\ﬁ/g:Jnr? ®f the
cell according to any one o e precedi ng c .
pre%ée]r%q nccjtar?é“ss'uﬁ’g?ef%?%? cﬂ‘%oﬁﬁﬁ?%@% pety i el §3dwiched
betwepeatd ity sonbiorationof tayesss (B @éi@fsemihc%nd%cting

| qgenat e 1.GON r.materials. 9 . Method o
reglnwﬁﬁjf act ur?elgféeggr?rg?r%?% lp\ﬁeotboa{/no tgaﬁ‘pcS cells,

i ncl uding dépesioviond diay ees I pecpBXiol et emyaloren cif the
predeitd Ofaf | And-Pat tefding &t Jeast, 5&5%% fz%‘k‘? of

layers to forman array of photovoltaic ce .?1 ,
radifer @t F WPty Wt @A Ak i it Enys BHecwiductor, an
organlial e ediliar mortediallGindvet hod Gicor didigp 4105 1l @i dard -
crvstapherein layers are deposited at at |east one station

y( ,20) in a production line (18), wherein a

quasi - dont i Rholovicdngtile ok floilcciog dadyancednyasheeadh the
prec%cﬁtﬂ%()Tbl(a]ignsgo)whe]rjeir{)r@{é)véqﬁeaﬂl%\%%vdececd&r[b@i%désnga a

plurality of photovoltaic cells (1) according to any
per%ﬂﬂ%qﬁl%ﬂiﬁqﬂ$qpq§g combination of 'layers (10-21) of

different amorphous semiconductor materials.

8. Photovoltaic cell according to any one of the
preceding claims, wherein the superlattice comprises a
periodically repeating combination of layers (10-21) of

hydrogenated semiconductor materials.

9. Method of manufacturing an array of photovoltaic
cells, including depositing layers (10-26) of material on a
length of foil a ' at some of the layers to

nd patterning at least
form an array of photovoltaic cells (1), wherein an array of
cells according to any one of claims 1-8 is formed.

10. Method according to claim 9, wherein layers are
deposited at at least one station (19,20) in a production
line (18), wherein a quasi-continuous length of foil is advanced
past each station (19,20).

11. Photovoltaic device including a plurality of

photovoltaic cells (1) according to any one of claims 1-8.



