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S IM P L IFIED S T R U CT U R EO FT W O -T ER M IN A L T A N DEM S O L A R CEL L S W IT H T R A N S P A R EN T

CO N DU CT IN G O X IDEJU N CT IO N M A T ER IA L

DES CR IP T IO N

T ECHN ICA L FIEL D5

T he present invention relatesto the field ofphotovoltaic devices,in

particular2-term inalperovskitetandem typephotovoltaiccellsonasiliconheterojunction.

T he invention relatesto asim plified structure having (photo)electrical

propertiescom parabletothoseofaconventionaltandem structure.

P R IO R A R T10

S olarcellsallow converting aportion ofthe spectraldom ain ofsolar

radiationintoenergy.T oincreasetheyieldofthisconversion,itispossibletom anufacture

structuresw ith atandem architecture com prising tw o subsets(i.e.alow ercelland an

uppercell),absorbingindifferentspectraldom ains.

M any configurationsarepossible.Forexam ple,thelow ercell10 m ay be15

acellm ade ofperovskite,CIGS (Cu(In,Ga)S e2),oritm ay consistofasilicon-based cell,for

exam ple,w ith ahom ojunction orw ith asilicon heterojunction (HET -S iorS HJstandingfor

“ S iliconHeteroJunctionsolarcell” ),oftheP ER C (“ P assivatedEm itterandR earContact” )or

T opCon (“ T unnelO xide P assivated Contact” ) type oran N -type P ER T cellw ith double

diffusionofphosphorus.20

Forexam ple,the uppercell30 m ay be aperovskite,organic orm ulti-

junctioncell(M JS C)based onIII-V m aterials(AlGaAs,GalnP ,GaAs).

T he tw o sub-cellsm ay be stacked on top ofeach otheraccording to a

N IP /N IP (Figure1A)orP IN /P IN (Figure1B)schem e.

For illustration, in the case of 2-term inal perovskite-type tandem25

structureson asilicon heterojunction,the N IP -type structure conventionally com prises

from therearfacetothefrontface(Figure1A):



2

-alow ercell10 com prising alayerofN -doped am orphoussilicon 11,a

substrate ofcrystalline silicon 12 disposed betw een tw o layersofintrinsic am orphous

silicon13,14,alayerofP -doped am orphoussilicon15,-arecom binationzone20,

-anuppercell30 com prising:aN -typelayer33,an activelayer31 m ade

ofaperovskitem aterial,aP -typelayer32.5

L ow er40 and upper50 electrodes,asw ellaselectricalcontacts60,70

com pletethestructure.

In the caseofaP IN -typestructure,theP and N type layersare reversed

(Figure1B).

Each sub-cell10,30 ofthetandem structureincludeslayersw hich allow10

separatingandselectingthechargesaccordingtotheirpolarity.

T he recom bination zone 20 betw een the tw o sub-cells is called

“ recom bination junction” because it enablesthe chargesto recom bine.In general,it is

form ed ofalayeroftransparentconductiveoxideorofatunneljunction(tw overy doped

layers,oneoftheN typeandtheotheroneoftheP type).T hisrecom binationzoneenables15

theserialconnectionofthesub-cellsandthustheadditionoftheirvoltages.Itshould lead

to the recom bination of the electronsgenerated in the upper cell30 and the holes

generated in the low ercell10 foraN IP structure tandem (Fig.1A)and the oppositefora

P IN structure(Fig.1B).

How ever, these tandem structures require m any steps to be20

m anufactured,w hich increasesthe m anufacturing costsand the num beroflayersand

interfaceslikelytolow ertheperform ances(byaddingserialresistance,contactresistances,

undesirablerecom binations,etc.).

It hasbeen show n that a N IP -like tandem structure com prising a

perovskiteuppercellandalow ercellbasedoncrystallinesiliconandpoly-S icouldfunction25

by directly positioningtheuppercelloverthelow ercell(S henetal.“ Insitu recom bination

junction betw een p-S iand T iO 2 enableshigh-efficiency m onolithic perovskite/S itandem

cells” ,S cience Advances,2018;4:eaau9711).M ore particularly,alayerofN -type T iO 2 is

deposited by AL D directly overthe P -doped silicon ofthe low ercell.T hen,alayerof

perovskiteand aP -typelayerm adeofP T AA aredeposited.T heoperationofthisstructure30
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ism ade possible thanksto the low contactresistivity betw een the AL D layerofT iO 2 and

theP -dopedsiliconofthelow ercell.

S im ilarly,aperovskite tandem structure on asilicon heterojunction has

beenm anufactured by directly depositingthelayerofN -typeS nO 2 oftheuppercellm ade

ofperovskite overthe P -type layerofthe low ercell(Zheng et al.“ L arge areaefficient5

interface layerfree m onolithic perovskite/hom o-junction-silicon tandem solarcellw ith

over20% efficiency” ,Energy Environ.S ci.,2018,11,2432-2443).

How ever,to date,there isno sim plified perovskite tandem structure on

asilicon heterojunction based on am orphoussilicon and crystalline silicon.Indeed,the

am orphoussilicon/crystalline silicon heterojunction isvery sensitive to the tem perature10

used during the process. In addition,the deposition ofthe perovskite active layer is

generally carried outby liquid m eansand isthereforegreatly dependentonthesubstrate

overw hichitisdepositedasw ellastheim plem entedm anufacturingsteps,w hichm akesa

m odificationoftheirarchitecturevery difficulttocarry out.

DIS CL O S U R EO FT HEIN VEN T IO N15

T hepresentinventionaim stoproposeatw o-term inalperovskitetandem

structure on asilicon heterojunction based on am orphoussilicon and crystalline silicon

havinggoodelectricalpropertiesandw hichissim plerandlessexpensivetom anufacture.

Forthispurpose,the present invention providesa2-term inaltandem

structurecom prisingfrom therearfacetothefrontface:20

-afirst solarcellw ith asilicon heterojunction (based on am orphous

silicon and crystalline silicon)com prising afirst P -type layerm ade ofdoped am orphous

siliconandasubstrateofn-typedopedcrystallinesilicon,disposedbetw eenafirstlayerof

intrinsicam orphoussiliconandasecond layerofintrinsicam orphoussilicon,

-ajunctionlayer,25

-asecondperovskite-typesolarcellcom prisinganactivelayerm adeofa

perovskitem aterialandasecondP -typelayer,

oneam ongstthefirstsolarcellorthesecondsolarcellalsocom prisingan

N -typelayer,
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thejunctionlayerbeingm adeofatransparentconductiveoxide,

and the junction layerbeing in contact eitherw ith the second layerof

intrinsicam orphoussilicon ofthe first solarcelland w ith the second P -type layerofthe

secondsolarcell,orw iththefirstP -typelayerm adeofdopedam orphoussiliconofthefirst

solarcellandw iththeactivelayerofthesecondsolarcell,5

thejunctionlayerservingasanN -typelayerintheotheroneam ongstthe

firstsolarcellorthesecond solarcell.

T heinventiondiffersessentiallyfrom thepriorartbytheuseofajunction

m aterial m ade of a transparent conductive oxide (T CO standing for “ T ransparent

ConductiveO xides” )w hichservesnotonly asarecom binationjunctionbutalsoforcharge10

selection (N -type contact)forone ofthe cellsin the tandem structure.T hus,the tandem

structure operates,even though one ofthe tw o sub-cellsisfree ofaN -type layer; the

function of thisN -type layer then being ensured by the layer m ade of transparent

conductiveoxideitself.

T hissim plified structure issim pler to m anufacture com pared to the15

conventionaltandem solar structures. T he reduction in the num ber of stepsof the

m anufacturingprocessresultsinareductioninm anufacturingcosts.

Accordingto afirstvariant,thetandem structureisofthe N IP type.T he

second cellisfree ofthe N -type layer.In otherw ords,the second cellisform ed by the

active layerm ade ofaperovskite m aterialand the second P -type layer.T he active layer20

m adeofaperovskitem aterialisthenindirectcontactw iththejunctionlayerm adeofT CO

w hichthusservesasanN -typelayerfortheN IP -typetandem structure.

Accordingto thisfirstvariant,the structurem ay com prise from the rear

facetothefrontface:

-the first solarcellw ith asilicon heterojunction based on am orphous25

silicon and crystalline silicon com prising from the rear face to the front face:

-alayerofN -doped am orphoussilicon,the firstlayerofintrinsicam orphoussilicon,the

substrateofcrystallinesilicon,thesecondlayerofintrinsicam orphoussilicon,andthefirst

P -typelayerm adeofdopedam orphoussilicon,

-thejunctionlayerm adeofN -typeT CO ,30
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-thesecondperovskite-typesolarcellcom prisingfrom thejunctionlayer

to the front face:the active layerm ade ofaperovskite m aterialand the second P -type

layer,preferably m adeofP T AA.

S uchanarchitecturehasseveraladvantages:the(p)a-S i:H/T CO interface

hasgoodrecom binationpropertiesand,likethestackofthelow ercell,itishom ogeneous,5

thedepositionoftheperovskitelayerovertheT CO isalsohom ogeneous.

According to asecond variant,the tandem structure isofthe P IN type.

T he first cellisfree ofaN -type layer: the first cellisform ed ofthe substrate m ade of

crystallinesilicon,covered oneithersideby alayerofintrinsicam orphoussilicon,and the

P -typelayer(theP -typelayeristhefirstlayerofthestackstartingfrom therearface).T here10

isnoN -typelayerbetw eenthesubstratem adeofcrystallinesiliconand thejunctionlayer

m ade ofT CO : the junction layerisin direct contact w ith the second layerofintrinsic

am orphoussilicon.

According to thissecond variant,the structure m ay com prise from the

rearfacetothefrontface:15

-the first solarcellw ith asilicon heterojunction based on am orphous

siliconandcrystallinesiliconcom prisingfrom therearfacetothefrontface:thefirstP -type

layerm ade ofdoped am orphoussilicon,the firstlayerofintrinsicam orphoussilicon,the

substrateofcrystallinesilicon,thesecondlayerofintrinsicam orphoussilicon,thejunction

layerm adeofN -typeT CO ,20

-thesecondperovskite-typesolarcellcom prisingfrom thejunctionlayer

to the front face:aP layer,preferably m ade ofP T AA orT FB,the active layerm ade ofa

perovskite m aterialand an N -type layer,preferably m ade of S nO 2 or form ed by a

P CBM /S nO 2 orP CBM /BCP bilayer.

T heperovskite-typeuppercellherein consistsofaconventionalcell(i.e.25

the perovskite layerisdeposited overthe P -type layer).S uch acellisknow n and m ay be

m adeeasily w ithconventionalprocesses.

Advantageously,thejunctionlayerhasathicknessfrom 2 to30 nm .

Advantageously,the junction layerhasaconductivity higherthan 10

S .cm -1.30
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Accordingtoanadvantageousvariant,thejunctionlayerism adeofIT O .

Accordingtoanotheradvantageousvariant,thejunctionlayerism adeof

AZO ,ZnO ,IW O ,IZO ,IZrO orS nO 2-x w ithx greaterthan0 and strictly lessthan2.

Advantageously,the perovskite m aterialhasthe form ulaCsxFA1-xP b(I1-

yBry)3 type(w ithx < 0.20;0 < y < 1).5

O therfeaturesand advantagesofthe invention w illappearfrom the

follow ingcom plem entary description.

Itgoesw ithoutsayingthatthiscom plem entary description isgiven only

forillustration ofthe object ofthe invention and should in no w ay be interpreted asa

lim itationofthisobject.10

BR IEFDES CR IP T IO N O FT HEDR A W IN GS

T he present invention w illbe better understood upon reading the

description ofem bodim entsgiven m erely forinform ative and non-lim itingpurposesw ith

referencetotheappendeddraw ingsw herein:

Figure1A alreadydiscussedinthepriorart,represents,schem aticallyand15

insection,atw o-term inalN IP -typetandem structure.

Figure1B alreadydiscussedinthepriorart,represents,schem aticallyand

insection,atw o-term inalP IN -typetandem structure.

Figure 2A represents,schem atically and in section,asim plified tw o-

term inal N IP -type tandem structure,according to a particular em bodim ent of the20

invention.

Figure 2B represents,schem atically and in section,asim plified tw o-

term inalP IN -type tandem structure,according to anotherparticularem bodim ent ofthe

invention.

Figures3A,3B and 3C are graphsrepresenting the EQ E and the ‘1-R tot’25

value asafunction ofthe w avelength (w ith R totcorresponding to the totalreflection of

the stack ofthe cell(w ithout the m etallisation at the front face),obtained by optical

sim ulationfortandem structuresw ithaP IN orN IP typethin(12 nm )junctionm adeofIT O ,

and having,respectively eithertw opolished faces,oronetextured rearfaceorbothfaces
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textured; ‘ref’ correspondsto conventionaltandem structuresand ‘sim p’ to sim plified

tandem structures,according to particularem bodim entsofthe invention;the sim plified

tandem structuresdifferfrom theconventionalstructuresby theabsenceofalayerw itha

N polarity inoneofthesub-cells.

T he different portionsrepresented in the figuresare not necessarily5

plottedaccordingtoauniform scale,tom akethefiguresm orereadable.

Inthedescriptionhereinafter,term sthatdependontheorientation,such

as“ top” /“ upper” ,“ bottom ” /“ low er” ,etc.ofastructure apply w hile considering thatthe

tandem deviceandtheteststructureareoriented asillustrated inthefigures.

DET A IL ED DIS CL O S U R EO FP A R T ICU L A R EM BO DIM EN T S10

First ofall,reference ism ade to Figures2A and 2B w hich represent

sim plifiedtandem structures100.

T hetandem structures100 com prisefrom therearfacetothefrontface

(i.e.thefaceintendedtoreceivethelightradiationrepresentedbythearrow s)am ultilayer

stackform ing:15

- a first cell 110 (or low er cell for “ bottom cell” ) w ith a silicon

heterojunction (HET -S iorS HJstanding for“ S ilicon HeteroJunction solarcell” )based on

am orphoussiliconandcrystallinesilicon,positioned attherearface,

-ajunctionlayer120 m adeofatransparentconductiveoxide(alsocalled

junctionandrecom binationlayer),intendedtoelectrically contactthetw osub-cellsofthe20

tandem structure100 and enablingthechargestorecom bine,

-asecondperovskite-typecell130 (oruppercellfor“ topcell” )positioned

atthefrontface.

T he tandem structure 100 m ay be aN IP -type (Figure 2A)orP IN -type

(Figure2B)structure.25

M ore particularly,the N IP -type (orw ith astandard em itter)structure

com prisesfrom therearfacetothefrontface(Figure2A):

-afirstsolarcell110 w ith asiliconheterojunction;based on am orphous

siliconandcrystallinesilicon;andcom prisingfrom therearfacetothefrontface:alayerof
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N -doped am orphoussilicon(alsocalled layerofn-doped hydrogenated am orphoussilicon

and also denoted (n)a-S i:H)111,asubstrate ofdoped crystalline silicon 112 (typically a

substrateofn-doped crystallinesiliconalsodenoted c-S i(n))disposed betw eentw olayers

of intrinsic am orphoussilicon 113,114 (also called layersof (i) a-S i:H or intrinsic

hydrogenatedam orphoussilicon),andalayerofP -dopedam orphoussilicon(alsodenoted5

(p)a-S i:H forp-dopedhydrogenated am orphoussilicon)115,

-ajunctionlayer120 m adeofN -typetransparentconductiveoxide(also

know nby theacronym T CO ),

-asecond perovskite-type solarcell130 com prising,from the junction

layer120 tothefrontface,anactivelayer131 m adeofaperovskitem aterialand aP -type10

layer132,

ForthisN IP -typestructure,theactivelayer131 ofthesecond cell130 is

directlyincontactw iththejunctionlayer120,itthereforehasnolayerinterposedbetw een

thetw o.

M ore particularly,the P IN -type (orw ith an inverted em itter)structure15

com prisesfrom therearfacetothefrontface(Figure2B)am ultilayerstackform ing:

-afirstsolarcell110 w ith asilicon heterojunction based on am orphous

siliconandcrystallinesiliconcom prisingfrom therearfacetothefrontface:alayer115 of

P -dopedam orphoussilicon((p)a-S i:H),afirstlayer113 ofintrinsicam orphoussilicon((i)a-

S i:H),asubstrate 112 ofN -type doped crystalline silicon (substrate c-S i(n))and asecond20

layer114 ofintrinsicam orphoussilicon((i)a-S i:H),

-ajunctionlayer120 m adeofT CO

-asecond perovskite-type solarcell130 com prising from the junction

layertothefrontface:aP -typelayer132,anactivelayer131 m adeofaperovskitem aterial,

anN -typelayer133.25

ForthisP IN -type structure,the second layer114 ofintrinsicam orphous

siliconofthefirstcell110 isdirectly incontactw iththejunctionlayer120;itthereforehas

nolayerinterposedbetw eenthetw o.

Inthesedifferentvariants,thejunctionlayer120 m adeofT CO m ay have

athicknessof2 to30 nm andpreferably betw een2 nm and15 nm .30
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Forexam ple,the conductivity ofthe junction layer120 m ade ofT CO is

higherthan10 S .cm -1.

T hejunctionlayer120 m ay bem adeofindium -tinoxide(IT O ),zincoxide

(ZnO ),alum inium -dopedzincoxide(AZO ),indium -tungstenoxide(IW O ),indium -zincoxide

(IZO ),zirconium -doped indium oxide(IZrO )ortindioxide(S nO 2-x w ith0 < x < 2).5

T hebandgapofthejunctionlayer120 m adeofT CO rangesfrom 2.8to4

eV.

T hejunction layer120 m adeofIT O hasaconductionband from -4.2 to-

5.2 eV.Forthe otheraforem entioned doped oxides,the conduction band rangesfrom -4

to-5.2 eV.10

P referably,thejunctionlayer120 ism adeofIT O .

T hesiliconsubstrate12 ofthelow ercellm aybepolishedortextured(for

exam ple,itm ay consistoftexturingintheform of2 µm pyram ids).T heam orphouslayers

ofthelow ercellhavingathicknessofafew nanom etres,they w illtakeontheshapeofthe

texturingofthesubstrate.15

Forexam ple,the p/n type doping levelsofthe layers111 and 115 are

betw een1018 and1019 /cm 3.

T he N -type layer133 ofthe second perovskite celliscalled “ electron

transportlayer” (orEIL standingfor“ ElectronInjectionL ayer” orET L standingfor“ Electron

T ransportL ayer” ).20

Forexam ple,the N -type layer133 isam etaloxide such aszinc oxide

(ZnO ),alum inium -doped zincoxide also called AZO (ZnO :Al),titanium oxide (T iO 2)ortin

oxide(S nO 2).Itm ayalsoconsistofastackofm ethyl[6,6]-phenyl-C61-butanoateandofS nO 2

(P CBM /S nO 2)orofm ethyl[6,6]-phenyl-C61-butanoateandofbathocuproine(P CBM /BCP ).

T he perovskite m aterialofthe active layer131 ofthe second solarcell25

130 hasthe generalform ulaABX 3 w ith A representing one orm ore m onovalent organic

cation(s), such as an am m onium , like m ethylam m onium or form am idinium , or a

m onovalentm etalcation,like cesium orrubidium ;B representingadivalentm etalcation

likeP b,S n,Agoram ixturethereof;and X representingoneorm orehalideanion(s).
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M ore particularly,the perovskite m aterial m ay have the particular

form ulaH2N CHN H2P bX 3 orCH3N H3P bX 3 w ith X ahalogen.Forexam ple,it m ay consist of

m ethylam m onium lead iodide CH3N H3P bI3.P referably,the perovskite m aterialhasthe

form ulaCsxFA1-xP b(I1-yBry)3.

T heP -typelayer132 ofthesecond cell130 isalso called “ holetransport5

layer” (orHT L standingfor“ HoleT ransportL ayer” ).

Forexam ple,the P -type layer132 isan organiccom pound like P oly(3,4-

ethylenedioxythiophene) P olystyrene sulfonate (P EDO T :P S S ),[poly(bis4-phenyl}{2,4,6-

trim ethylphenyl}am ine)](P T AA),[P oly(N ,N ’-bis(4-butylphenyl)-N ,N ’-bis(phenyl)-benzidine]

(P oly-T P D),2,2’,7,7’-T etrakis[N ,N -di(4-m ethoxyphenyl)am ino]-9,9’-spirobifluorene (spiro-10

O M eT AD), N 4,N 4’-bis(4-(6-((3-ethyloxetan-3-yl)m ethoxy)hexyl)phenyl)-N 4,N 4’-diphenyl-

[1,1’-biphenyl]-4,4’-diam ine (O T P D),poly[(9,9-dioctylfluorenyl-2,7-diyl)-co-(4,4’-(N -(4-sec-

butylphenyl)diphenylam ine)](T FB)orpyrene,orelseam etaloxidesuchasam olybdenum

oxide,avanadium oxideoratungstenoxide.Itcould alsobeobtained from phosphate(s),

silanesorcarboxylicacids.15

T hetandem structure100 m ay alsocom prise:

-afirst electrode 140 (low erelectrode)disposed at the rearface; the

low er electrode 140 m ay,advantageously,be opaque or oflim ited transparency,for

exam ple atransparent conductive oxide such asin particularIT O ,IO H (hydrogenated

indium oxide),orAZO ,20

-asecond electrode 150 (upperelectrode)disposed overthe frontface

ofthedevice;thesecond electrodeiselectrically-conductiveand optically-transparent,so

asto letthe photonspassup to the active layer131 ofthe uppercell130.T hiselectrode

150 m ay be m ade ofatransparent conductive oxide,typically indium -tin oxide (IT O )or

alum inium -doped zinc oxide (ZnO :Al),orit m ay be form ed ofatransparent conductive25

polym ercom prisingsilvernanow iresforexam ple,

-contactpads160 attherearfaceandcontactpads170 atthefrontface;

the contact padsm ay forexam ple be m ade ofgold,alum inium orsilver(deposited for

exam pleby evaporation,orprintedby screen-printing,inkjetprinting,etc.).

Illustrativeandnon-lim itingexam plesofoneem bodim ent:30



11

O pticalsim ulationsofdifferentstructureshavebeencarriedoutusingthe

CR O W M softw are,w hiletakingintoaccounttheopticalindicesofthelayers,theirthickness

andthesurfacecondition(com pletelyflat,textured,etc.).T hesesim ulationsareperform ed

betw een310 and 1,200 nm w iththeAM 1.5 solarspectrum .T heopticalindiceshavebeen

extracted by ellipsom etry from theexperim entallayers.5

T able1 liststhethicknesses(nm )ofthesim ulatedlayersfortheN IP -type

architectures.

T able2 liststhethicknesses(nm )ofthesim ulated layersfortheP IN -typearchitectures.

10
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T heperovskiteusedinthesim ulationsisoftheCsxFA1-xP b(I1-yBry)3 type(w ithx< 0.20;0 < y

< 1),tw odifferentthicknesseshavebeenusedtoobtainlesscurrentdiscrepancy betw een

thetw osub-cellsw henthesurfaceconditionism odified.

Figures3A,3B and 3C representthe EQ E and 1-R totvaluesobtained by

opticalsim ulationsforthedifferenttandem structuresofT ables1 and2.5

T hedisclosedresultscorrespondtotandem structuresw hereintheactive

layerofthe uppercellisaperovskite m aterialthatis250 nm thickw hen the frontface is

polished and415 nm thickw henitistextured.

T hisopticalsim ulation study dem onstratesthat sim plified N IP and P IN

tandem structuresw ith ajunction m ade ofIT O are viable regardlessoftexturing.Indeed,10

thesesim plifiedstructureshaveonly very few differencesfrom anopticalperspectivew ith

conventionalcom pletestructuresandhavethesam eopticalpotential.

In addition,the follow ing T able 3 liststhe valuesofJsc and R tot obtained

by opticalsim ulations,the estim ated P CEsforFF= 75% and Voc = 1.8 V.T histable show s

thattheresultingshort-circuitcurrentsarequitesim ilar.15
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CL A IM S

1.A 2-term inalP IN -typetandem photovoltaicstructure(100)com prising

from therearfacetothefrontface:

-afirstsolarcell(110)w ith asilicon heterojunction com prisingafirstP -5

type layer (115) m ade ofdoped am orphoussilicon and asubstrate ofN -type doped

crystalline silicon (112)disposed betw een afirstlayerofintrinsicam orphoussilicon (113)

and asecond layerofintrinsicam orphoussilicon(114),

-ajunctionlayer(120),

-asecond perovskite-type cell(130)com prising asecond P -type layer10

(132),anactivelayer(131)m adeofaperovskitem aterialand anN -typelayer(133),

characterised in that the junction layer(120)ism ade ofatransparent

conductiveoxide(T CO ),

and inthatthejunctionlayer(120)isincontactw ith thesecond layerof

intrinsicam orphoussilicon (114)ofthe first solarcell(110)and w ith the second P -type15

layer(132)ofthesecondsolarcell(130),

the junction layer(120)serving asan N -type layerin the first solarcell

(110).

2.T hetandem structure(100)accordingtoclaim 1,characterised inthat20

thejunctionlayer(120)ism adeofIT O .

3.T hetandem structure(100)accordingtoclaim 1,characterised inthat

thejunctionlayer(120)ism adeofAZO ,ZnO ,IW O ,IZO ,IZrO orS nO 2-x w ithxgreaterthan0

and strictly lessthan2.25

4.T he tandem structure (100)according to any one ofthe preceding

claim s,characterised in thatthe junction layer(120)hasathicknessfrom 2 to 30 nm and

preferably betw een2 nm and 15 nm .

30
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5.T he tandem structure (100)according to any one ofthe preceding

claim s,characterised inthatthejunctionlayer(120)hasaconductivity higherthan

10 S .cm -1.

6.T he tandem structure (100)according to any one ofthe preceding5

claim s,characterised in thatthe tandem structure (100)com prisesfrom the rearface to

thefrontface:

- the first solar cell (110) w ith a silicon heterojunction based on

am orphoussilicon and crystalline silicon com prising,from the rearface to the frontface:

the first P -type layer(115)m ade ofdoped am orphoussilicon,the first layerofintrinsic10

am orphoussilicon(113),thesubstrateofN -doped crystallinesilicon(112)and thesecond

layerofintrinsicam orphoussilicon(114),

-thejunctionlayer(120)m adeofN -typeT CO ,

-thesecondperovskite-typesolarcell(130)com prisingfrom thejunction

m aterialtothefrontface:aP -typelayer(132),m adeofP T AA orT FB,theactivelayer(131)15

m ade ofaperovskite m aterialand an N -type layer(133)m ade ofS nO 2 orform ed by a

P CBM /S nO 2 bilayer.

7.T he tandem structure (100)according to any one ofthe preceding

claim s,characterised in that the perovskite m aterialhasthe form ulaCsxFA1-xP b(I1-yBry)320

(w ithx < 0,20;0 < y < 1).


