METHOD FOR PRODUCING A TRANSPARENT ELECTRODE, METHOD FOR PRODUCING A
PHOTOVOLTAIC CELL AND ARRANGEMENT The invention relates to a method for producing a
transparent electrode, in particular for a photovoltaic cell, on a substrate. The invention further relates
to a method for producing a photovoltaic cell. The invention further relates to an arrangement for a
photovoltaic cell and to arrangements with a photqvoltaic cell. Photovoltaic modules, also referred
to as solar modules, are used to utilize the energy contained in sunlight. Photovoltaic modules typically
comprise a plurality of photovoltaic cells electrically coupled to one another, which convert the
radiation energyEvAtainED in Hghardasst pariady ira RicTiBAEETRODBY MIEBHS Df HiR photoelectric

effect during operatioy, ., FRRIRY ARIE FRYITEITRIS RNE. ANPPRRRINRISIRRE: The latter are

typically formed from a p-type layer and an n-type layer. An i-layer, i.e., a substantially intrinsic layer,
which is not doped or only very slightly doped compared to the p-type and n-type layers, can be
arranged betwehethe prppe daigsnictypecthyéior Thslpclype tapspiscat ssitiodty dapeecidyeiorand the
n-type laygbiswa Regatineds deppdriayerhe inRhotavoliaie calecanmprisaoionexampiegaicrocrystalline
silicon laygrs, & ‘Q{PE‘&Hﬁ%&!"r}%lgéﬁﬁ%rﬁ%%ﬁ(%‘sa!k%ﬁ %H‘ESE&JQ & PDHRLAS ‘?Jié‘ééﬂ'.%ﬁép%mors-

Transparent conductive layers (1CO, transparent conductive oxide) are used for electrical contacting
of the serTTEBRERIENST IRAPRPBNSIBIOREIC cells. By means of a structured and roughened surface
of these contact’layers/ircidedtbanlight dandie s eatiere dnodttles atrehisckhyentiane tverebyga larger

proportiopsatdhed adRlioRienerek cankeeanuariostdaty elesicalanardyy bherekwtheietigiency of the
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electrode on a tra spaPen Substrate that enables good efficiency 0 hotovoltaic ¢ s also
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efficiency can bBhealizidiclt¢datemplesiraiietmspegifiirams arvangdr britefor atppiotdlyoitaicedell that
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photovoltai? ge that hE}VG 900 %Efllc%?n%.c A(z-:c(?{d'lg tQtone e(rinb_tf')dmlent of tae inventiond a
method fg?prg ucf)ﬁgo%\ira%gb%re% ehectrode on a%ubs‘fra’fgec%]mgrg%% 5¥8{/Sid?nlé ?ﬁgr\gﬂ%ﬂate. A
first transparesshaisRricRmP O AdHREIAY iy e RIBESSIEE ShatRestiisbratechlmistetskibe nddyes is
depositedaguarassunteed el fhielé tisically conductive layer that faces away from the substrate. The

metal oxide layesissulidividest g aeluraliv ahmetalieritises v thermal.derompasiian: A second
transpare.telegtrlcall)éclonductfve Iaéfer is de OSItf? on.the metal Qartlclei, 2 Such a substrate
| i

with a tralupaPeRY BleCiroas SBMBFSNG Mt b A E S B B LRl i FariEiR HL S RAHE Substrate

with a frolietecliotle tfopsprFchliyPpliisiovoRaidce ells uTkeliy- clentiprl gpatacbpée Bifotoactive layer stack
for the phetaiolidicrell akessubseguentic deposited onto the second electrically conductive layer.

According to cefaip, asReRs <R aHRSIRAIG R HANPREeN. DIAAS Ol H1a55,19% SxemplesMfearding to
other aspcggg’etyc%uségg %gitt%rl eslt(%ﬁi%qyyee%f %g é%rlgglye aalzﬁ‘ggregrm%[glogl% the radiation energy can be
converted into electrical energy. Thereby the efficiency of the photovoltaic cell is increased.

It is desirable to specify a method for producing a transparent electrode on a transparent
substrate that enables good efficiency of a photovoltaic cell. It is also desirable to specify
methods for producing a photovoltaic cell by which photovoltaic cells with good efficiency can
be realized. It is also desirable to specify an amrangement for a photovoltaic cell that allows good
efficiency of a photovoltaic cell. It is also desirable to specify arrangements with a photovoltaic
cell that have good efficiency.

According to one embodiment of the invention, a method for producing the transparent
electrode on a substrate comprises providing the substrate. A first transparent electrically
conductive layer is deposited on the substrate. A metal oxide layer is deposited on a surface of
the electrically conductive layer that faces away from the substrate. The metal oxide layer is
subdivided into a plurality of metal particles by thermal decomposition. A second transparent

electrically conductive layer is deposited on the metal particles.



In particular, the method is suitable for producing the transparent electrode on the substrate for
large-area substrates greater than 1.4 m2, especially greater than 5.5 m2, for example 5.72 m2, so
that a uniform distribution of the metal particles over the entire surface area of the substrate can be
realized. In addition, a production of approximately equal-sized metal particles over the entire surface
area of the substrate is possible with the method. JThe average size of the metal particles has only a
slight fluctuation. By means of the method, it is also possible to produce relatively small metal
particles, in particular the plurality of metal particles has an average diameter of less than 150 nm,
more particularigiah avesagaddmeatennilassittian:bade ampiosiexanpleless ¢hamm He osad in
According i ANt asRaAts: UG MRIA RYIHS 1AV BLIS AgpasTiad N IR M NG eI Grlde |S thus
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200C, esgggﬁjggggggﬂngﬁ %20C. According to other embodiments, the temperature for thermal
decomposition Is greater tha 300C and less than or equal to 400C. According to other aspects, the
temperature for theHEGEBRIPEEROH @1@%‘3&%@’6’%&1&& i e lgRCtRetPas 8’81u]%ﬁ to 380C for
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than or equal to 100 nm. In particular, the size of the metal particles depends on the ratio of

oxygen to metal. The size of the metal particles is also dependent on the temperature during the

thermal decomposition by which the metal oxide layer is decomposed into the metal particles.

Following the thermal decomposition and before the second transparent electrically
conductive electrode is deposited, a so-called annealing process, by which the size of the metal
particles is can be additionally adjusted, 1s carried out according to another aspect. The metal

particles are heated up, held at a constant temperature and then cooled down. Defined specified



According to other aspects, the size of the metal particles is specified based on the photoactive layer
stack, for example the material of the photoactive layer stack and/or the wavelength range of the
absorption by the photoactive layer stack. This makes a good energy transfer possible. According
to other aspects, the material of the metal particles is specified based on the photoactive layer stack,
for example the material of the photoactive layer ?ack and/or the wavelength range of the absorption
by the photoactive layer stack. This makes a good energy transfer possible. If the substrate and
the electrode arranged thereon are used for photovoltaic cells, the energy transfer from the plasmons
to the phetpactve thy ercsthpk tefangedhorcthediestrdddresialt grivparprotd durreat:| Goidsdeeently the
photocurrgat pkthe effisienay: of dhe phatanaliaic salisinsreasad Ry dhe melakpadigesimglation to
conventloon% Eogclgvoltalc cells without metal particles. With the metal particles it is possible, in
particular, 10 forgo a roughening of the electrode, which is conventionally used for scattering light,
because the metarpaiticlasehatie wsitesehtnyRtn NabidTrbin irédridioie Htdighstate duieording to
other aspeasis:tadditib padsiayd@rsnjh gartichiian the phothactive layerstacdkinalietiorefiective layer and/or
a rear eleglradaavel .Bi6pRANSLLR the Secand.ean ﬁ@f@s?@ﬁgﬁcﬁ%ﬁ% conduetlyeiayer to produce

the photovoltajc cell. Accogdin other aspects, the metal oxide layer is deposited alternatively or
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photoactiVEirstatliek. The metal oxide layer is subdivided by thermal decomposition into a plurality

of metal particleshanchatised dagsayblayenoiihefdiroselleciive jayenisaapbeds, Thusidhadnetal particles

are arrangedin, 106 (URARGUYE Ja¥aksmonk 50:50)16¢ dandem.iunetion, Phpioxaliaig Gells,which have

two photoactive. layer stacks with respective p-j-n junctiops, a first sublayer of an intermedjate layer is
deposited RELTARG S AGETIORAT SO Ie 6B SO CHEPS e DR B RETB)EPG A before
the secorigtigidiastiielizyratealdiegideposited. A metal oxide layer is deposited onto the first
sublayer of the interraadiate: layen. sbpe-Retalaxida layenis subgividaedbyibeiniatslecemagsition into a

plurality of metghAaiiales. A0 Aseaand sy Blae e eHadiale laxsrs apaied todhe metal

particles. The second photoactive layer Stack is applied to the metal particles. us possible to
incorporai® tHE thet Particles into at least one of the layers consisting of the front electrode, the
intermediate layBreandithetratstrefieiotive thyetadtrisnalselpbs siviéototime drporsita khenmetal garticles into
tV;/]o of th%éﬁ?ﬁ@[%&émgﬁék@ﬁﬁ%@, aﬁ@r@m%pt&ﬁmﬁdg@ymsdgs réﬂi%&@ﬂz@ﬁhﬂ@l@a?%@’%m?h hage three
photoactive,layer stacks.one ahove another,.two intermediate layers with metal particles can be
provided. e B S er stacks.
Accordin@%fa@Y&gfp%Hg%fm& RshGES PHbfoReIveIajRie sbsdbers bt dRgEdierke TH5ssible
positions arethe imetakfsartit kss: isotha lndainipeide sce dide ctiode ofcthex liglptdncident during operation are

in front of the firgt phateaedivenlavep&IBChDeiweemdhecfilss andithe sgeanddhntaastivg layer stacks,
between t%e second and tthlrd yhotoactive Ia)ﬁ% stai:k§ t%ndﬁ% on 1{) }o the t‘(igl-<1z?;tlla /apglthe nth

photoacti8e0f§%rwseta@fg,séaﬁé’t?%?ﬁ%‘%&laertl]’?ﬁ g’t%%c |veﬁ§yerosatcauce. YEE Tt patticles are
separated'itY

SHlCES T D pHBEO RGN BeRRatatsiive s st kay Bl aoHsS HaPrEHEESYof less than

or equal toab&erpokeibdxample. Thus a direct contact between the photoactive layer stack and the

metal particles ig aypigied:o BRartichias, aeaed-saergyntansienandhg petplRastides outhe

Plasmons 10 e RS A R S RIATK S EAIAS IR TIAMNSve Layer stack and/or the
wavelength range of the absorption by the photoactive layer stack. This makes a good energy
transfer possible.

If the substrate and the electrode arranged thereon are used for photovoltaic cells, the
energy transfer from the plasmons to the photoactive layer stack arranged on the electrode results
mn a photocurrent. Consequently the photocurrent or the efficiency of the photovoltaic cell is
mmcreased by the metal particles in relation to conventional photovoltaic cells without metal
particles. With the metal particles it is possible, in particular, to forgo a roughening of the
electrode, which is conventionally used for scattering light, because the metal particles ensure a
sufficiently high yield from the incident light.



Brief description of the drawings Further advantages, characteristics and refinements follow from
the examples described below in connection with Figures 1-8. 5 Therein: Figure 1 shows a
schematic representation of a sectional view of an optoelectronic arrangement according to one
embodiment; Figures 2A and 2B show a schematic representation of the plasmon effect; Figure 3
shows a schematic representation of the plasmon effect; Figure 4 shows a sequence diagram of a
method for producing a photovoltaic cell according to one embodiment; Figure 5 shows a
schematic representation of a sectional view of an arrangement at one point in time during production;
Figure 6 shows Acschidmgati otepresentatidiiobmbretional vietcokarhaprangementagecerding to one

embodme:m,reﬂecm%?e? ﬁﬁf?&‘sd AcarbrmAlic z%e%@@&ﬁyﬁedth%%%eﬂ@km\yape‘n%n arrangement
accordln% to on em 0) st gl ure 8.s a Sc ?matlc representatlon of a sectional view
one

of an arrangerfﬁ% 3%%ourc g (5- e H 10 OVO taic ce

According to O{her aspects, the metal oxide layer is deposited altematively or additionally
to the front electrode onto a first sublayer of the retroreflective layer, which is applied to the
photoactive layer stack. The metal oxide layer is subdivided by thermal decomposition into a
plurality of metal particles, and a second sublayer of the retroreflective layer is applied. Thus the
metal particles are arranged in the retroreflective layer.

In so-called tandem junction photovoltaic cells, which have two photoactive layer stacks
with respective p-i-n junctions, a first sublayer of an intermediate layer is deposited according to
additional aspects of the invention on the first photoactive layer stack, before the second
photoactive layer stack is deposited. A metal oxide layer is deposited onto the first sublayer of
the intermediate layer. The metal oxide layer is subdivided by thermal decomposition into a
plurality of metal particles, and a second sublayer of the intermediate layer is applied to the
metal particles. The second photoactive layer stack is applied to the metal particles.

It is thus possible to incorporate the metal particles into at least one of the layers
consisting of the front clectrode, the intermediate layer and the retroreflective layer. it is also
possible to incorporate the metal particles into two of the layers or into all of the aforementioned
lavers.

In so-called triple cells, which have three photoactive layer stacks one above another, two
intermediate layers with metal particles can be provided, each layer being arranged between a
respective two of the three photoactive layer stacks.

According to other aspects, more than three photoactive layer stacks are arranged. The
possible positions of the metal particles in the main incidence direction of the light incident
during operation are in front of the first photoactive layer stack, between the first and the second
photoactive layer stacks, between the second and third photoactive layer stacks and so on up to
the (n-1)th and the nth photoactive laver stacks, and behind the nth photoactive layer stack.

The metal particles are separated in each case from the photoactive layer stack by a thin
layer having a thickness of less than or equal to 50 nm for example. Thus a direct contact
between the photoactive layer stack and the metal particles 1s avoided. In particular, a good
energy transfer from the metal particles or the plasmons to the photoactive layer stack is realized

in this manner.

Brief description of the drawings
Further advantages, characteristics and refinements follow from the examples described

below in connection with Figures 1-8.



Identical, similar and identically functioning elements can be provided with identical reference numbers
in the figures. The illustrated layers and regions and their size relationships should fundamentally not
be considered drawn to scale; instead individual elements such as layers and regions may be shown
with exaggerated thickness or size for better illustration and/or better comprehension. Detailed
description of embodiments Figure 1 shows a_schematic representation of a sectional view of a
photovoltaic cell 100. A two-dimensionally extendéd transparent electrode 110 is arranged on one
surface 102 of a two-dimensionally extended substrate 101. The transparent electrically conductive
electroderhifris; arranged in layer form in the main direction of the radiation incident on substrate 101

during operatiof; 1@mﬂmvgié%ﬁﬂ%é?fctfg{?s@lﬁg%hiBF@&’&H@HQ@&PS@H iScH0g-Ssdirection of

Figure 1. A photoactiye layer stack 120, which is designed to convert radiation energy into
electricalaéﬁélﬁ’ﬁif ” o“’ﬁﬁ?{%{%ﬁ?{ﬁ{&ﬁ@ FIEBHfEet, is arranged on the transparent electrically conductive
electrode 110. Aligatiesréficttd e Raybev 3045 amrsisgere warthBphotdaoplrenayatirick 120. Radiation that
passes throughithephBoipasct e dayen stacktutihoot Heipgeanyeriesd.into electrical energy can be

reflected back i ihg.draelion oL s.Roinastis YL ARCIT AR BYINE Isoislactariayer 130, An

additional electrode 140, the so-called rear electrode, is arranged on the retroreflector layer 130. 6
Accordin§ S EIRSAIME AP HE i strate 101 is as transparent as possible to sunlight. In particular,
the substrate 1Figgrespbeiutly srinspékerptoshghitim bl visibmsbacurhaardrimghadnfriret range and
has a trapsparanayaieaierihandadie in a wavelength range from 400 nm to 1200 nm. The substrate
comprises glass, %%‘ﬁ’i@@?a@&(@%ﬁﬁg %é%éﬁ?@fﬂ:ﬁ%%‘?s%%ﬁ%‘&ﬁ%? »9'8?21105&%'1' dgigss. The
substrate 101 |s{’ rmed to support the layer stack which is arrangeé: on the substrate 101.
Accordin§ S ERBJarRe StRPeHENAb oactive layer stack 120 comprises a p-doped layer and an
n-doped layer, dsawellabavsubsiantiztly ietrissicdayer brrsegedabetwveehaherprgupedtayer and the
n-doped |aysfdihBehrteasivalayenstack is two-dimensionally extended. According to embodiments,
the p-doped layer, s, airanded.anan of.a sufage 440 e raneparenteleciiode 419 as viewed in
the X-direction. Atcor ing'to other embodi ents, the n'—éopeo? ayer Is arranged 0n the surface 116.
The substeFRAIREIFNISIEMRPEITS indoped or very lightly doped in comparison to the adjoining
p-doped layer oldeatioplesitayeranihed sulstantiallyiinirip sietdayer ésrdesigned ¢d wbbodbrdight and convert
it photoelegtrically, HssubsirRNiabIMrRSIclaYREd3.468/9NEHi0 ARIA RNLLBY ANGeARMBL it into
electrical eacyoy, The phajoelectiic anrangement s designed (o sbsprbignt i, a wayejenath range
from 4005’ Y. nm-in pa?tlcular. “Accor mg% other' embo im‘enfs, e su ta ] U1 is opaque,
i.e., substarfiamrhietean spardaehy Tght il aXpesrnsehthivsire Srio0ipmtescL Jbo Htgmaniger
sequencéaccakdigeleaiobodiments is opaque substrate, an electrical insulation layer optionally
arranged on the latter, the retroreflector layer optionally arranged on the latter, the metallic rear contact
optionall;barra}niéd on the Ial[ter,bthfg electrically conductive layer with metal particles arranged on the
latter, the ﬁﬁ% ) ﬁ(\slcélf’éi?élrostgi&ﬂ Blg?trsanged on the latter and the electrically conductive layer 110
with metal partidigsisrianged octsapiteicnseateling %6 viprtiasiboeinad riehetn wdigissaBlPRotoactive
layer stack dfaddinigtii@nallis atkmdge thepuaen drewrléctrically: cangtrtivedayerid0iandthe electrically

conductivg layeh L0 PaiGulal SHEH R IMPreRNNgsHIR L@é’&fﬁé&ﬂ%&%ﬁﬁ&oﬂ@&%@oﬁ@%@e“ the
electrically conductiv Iagx_e 130 ag% the electricall condtég;tlve layer 110. In thﬁéﬂ-gwectlon, the
r

retroreflettOFTAER T5H IS AR Gl b SR OB EHUEIA sk R Sl diF Bhectrode
140, whictrésatiesigiedne darctarrehthsroditsige Batdshtidanyopatiive aybe StadledR®, 9§ arranged
on top ofgheiretrorellector layer. According to other aspects, at least the additional photoactive layer

stack 160 (Figure )5 ayranggel befepn e, eletededd0 o g tetiarefiesionimye: 130 o the

electrode 140, The transparent electrically conductive layer comprises zinc oxide for example.

Accordin§ t5 B e TR RE B SE et e S AR dP B HF R A TR Shsparent
electivelycoogieittive coiode SUbh A seif@:8rSn02yTHe transpragsdtwl dotriduityactned lrotivetiaier 110 has
a good optigaRt@nsoN SR ity shdiagoedieletisical @RNAYELIARck 120 without being converted into

electrical energy can be reflected back in the direction of the photoactive layer stack 120 by the
retroreflector layer 130. An additional electrode 140, the so-called rear electrode, is arranged on

the retroreflector layer 130.



7 In particular, the photoactive layer stack 120 comprises silicon, for example microcrystalline
silicon and/or amorphous silicon. The photovoltaic cell 100 is designed as a so-called thin-film solar
cell. The layers of the photovoltaic cell 100 have a thickness in the X-direction of a few tens of
nanometers to a few micrometers. The photoactive layers are typically applied together with the
electrodes and optionally the reflective layer to the substrate 101 over a large area. With the aid of one
or more structuring steps, a plurality of individual 6trlp -shaped solar cells is formed, which are
connected electrically in series. The width of the strip-shaped solar cells, also called cell strips, lies in
the range of millmeteiistacantindaterss, Thesubeteaneniod ules withs papdur akityosfiplatoueltaic: cells 100

are form%;&'d?ﬁ? nheQllsgiars: By 1‘6’@43@&9%@'&@ E@re?f? '@VIEQRHWﬁxwﬁﬂﬁ%&%ﬁﬂ%ﬁq&%@emed
electrical power. can be t Bged{ are caI FE% eouter C%” strips Accgé1 %]%
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the incidenidightiisniaddaelengthutange 06 AQ0fnmM o th20Ppam thierebyiibie efficiapayrafdhion

photoactiye, layer,stagk;120 can be increased, because the path of the incident radiation through the
photoactive layer stack 120 is Jengthened on average, the incident light is coupled, better into the

photoactive layet$EeE 50 %‘&)ﬁlmﬁer%ﬁ‘o%?&ﬁgﬂ‘fﬁ%ﬁbﬁmy}fc}ﬁ%omera%ﬁaPgﬂfe?g%@{ﬁéved
Accordingtd atiedaribasimentsciies surertentiaidyonthiesicansparoatedd bebeen I8 isdopesed smoothly.

The roughjextdngeaf-the sUERae TSl toseaneln dhassambedimentsoAg oxriaied. in detail below,
it is neverth é?é%&?é%l@é%%%%ﬁhﬁeap ﬁ?&%f’%o #ﬁg&?@ﬂ %Xpoéft'aesdpr%'deeﬂté afin %‘0” in the

photoactlve ayer stack us achieve g e transparent electrode has a
plurality SFAHBHFPLFHRGES fﬂéOﬂ%élﬁ*f@t%ﬁrpgﬁéie%%rfi%’aréa?Paﬁaga OB LTSS 138 2 The metal
particles ddgedieyardistanoecdwaybontitive pHotoactive layer stack 120 and have no direct contact with
the photoactive T&a)é%ﬁ&@&%zél%gnﬁﬁ@@mﬂ@ﬁﬁw@@w@ﬂ%@&ﬁé@lﬁ%ﬂﬁs@ﬁﬁﬂﬁéﬁnsmrent
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In the X-direction, the retroreflector layer 130 1s arranged on top of the photoactive layer
stack 120, and the rear electrode 140, which is designed to draw current or voltage out of the
photoactive layer stack 120, is arranged on top of the retroreflector layer., According to other
aspects, at least the additional photoactive layer stack 160 (Figure 7) is arranged between the
electrode 110 and the retroreflector layer 130 or the electrode 140,

The transparent electrically conductive layer 110 comprises zinc oxide for example.
According to other embodiments, the transparent electrode 110 comprises a different transparent
electively conductive oxide such as ITO or SnQ,. The transparent electrically conductive layer

110 has a good optical transmissivity and a good electrical conduction.



The radiation R incident during operation strikes the metal particles 112. The incident radiation is
modified at the metal particles 112, and energy is then transferred from the radiation to the photoactive
layer stack 120. Due to the modification of the incident radiation Rat the metal particles 112, the mean
path length of the radiation through the photoactive layer stack 120 is increased, and thus an increase
in the efficiency of solar cells is achieved, becausg the absorption probability increases. For
example, the incident radiation R is modified at the metal particles 112 by the plasmon effect.

Figure 2A schematically shows the incident radiation R which excites locally limited surface plasmons
on the metal patigleddaThe gieitation: dreatemekficlt dihiatdss diffesanfoattinngtdn comparison to
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comparisgiptieCanpeediondl phalevetais sellsptheabserptianrprebrbiitwiginaeasad iy her a
arrangemgnt. of theyngial Paficles dd2.and }HEL‘EEEHE'E'(%'%SMQEE{J 6f ndlvuﬁl%%%;?l?hﬁﬁ&i"’s one

form of the non-radiative energy transfer. The incident radiation R excites a surface plas
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metal particles 112. Figure OWS a hear field ensity distri bution o metal particles 112.

9 FlgtMPécé%Vﬁi?BH&déoﬁéﬁPﬂ@fhca%fﬁﬂiﬁlon of silver metal particles 112 with a high density of the
metal particles BkRordingiggrebdédohamaticallyistoihls afsbguensmfor alnathtd! b6 prodgchng a
protovolt@issﬁagleaﬁwﬂmw@e@ml@q&tm'bj&ﬂ&@ homog%dﬁ@&@% ﬂ&@@%bﬁfa{@t %@siﬁfﬁé@\éiﬂ@%@@g the
electrically conductive tr rent su is deposited.onto t stra . According to
embodm%ntsscéar%ﬁlé surzg: ? lél%ug hé?i 11118 gém f \Ccor mzcigH ogﬂﬁ%rﬁe&n&bodlments a

surface ﬁ@tﬁ%@%ﬁfﬁ&;ﬁéﬁcmif@ﬁawtmaé%swb &%@?ﬁ@ﬁ&%@i@ﬁ@%‘%mf&ﬁy flat as
possible (kigurel&)t radiaGubdequently phoietalioxicedayerk 15)is depusited on thergiefdee 114 of the

sublayer iR stem %030(519&1 vzfe@r ihhermaela @dR dayQl ki is A6 RRS R A3 SRS deposition

method. Thus @ L{nlg npl qn gf the ﬁneta oxide layer is possible even on large surface areas
1l the n01 t IS &
greater than % are meters. Ace rdln 0 embodiments, metal oxide layer 115 comprises at least

one of the folloﬁﬁ@réﬁw tgﬂ@gﬁ'@pﬁ%;ﬁms the surface 116 of the transparent electrode 110 is
formed smoothly. The rough texturing of the surface 116 is forgone in these embodiments. As

explained in detail below, it is nevertheless possible to enable a high absorption probability of
the incident radiation in the photoactive layer stack 120 and thus achieve a high efficiency.

The transparent electrode has a plurality of metal particles 112. The metal particles 112
are arranged along the surface 116, The metal particles 112 are a distance away from the
photoactive layer stack 120 and have no direct contact with the photoactive layer stack 120. A
transparent electrically conductive sublayer 113 of the transparent electrode 110 is arranged
between the metal particles 112 and the photoactive layer 120. The transparent electrically
conductive sublayer 113 has a thickness 117 in the X-direction (Figure 6) of less than 50 nm, in
particular the thickness 117 is less than or equal to 40 nm, for example, less than or equal to
35 nm.

A transparent electrically conductive sublayer 111 of the electrode 110 is formed between
the metal particles 112 and the substrate 101. The metal particles 112 are surrounded by material
of the electrically conductive layer 110. The electrically conductive sublayer 111 and the
electrically conductive sublayer 113 each comprise a transparent electrically conductive oxide

and jointly surround the metal particles 112.



In step 202 according to embodiments, gaseous oxygen is introduced into the deposition chamber
during the deposition of the metal oxide layer 115. The metal density per unit area of the metal oxide
layer 115 can be controlled by the quantity of introduced oxygen. In addition, the thickness of the layer
115 in the X-direction is controlled according to specifications in step 202. The metal density and
thickness are controlled in step 202 in such a manner that the metal particles 102, which are
subsequently formed in step 203, have an average diameter of less than or equal to 100 nm. A
thermal decomposition is canied out in step 203. According to other embodiments, an annealing
process is carriqiiouiain stemA03 dirhaismeataliapide-Eyenlibnidheated-andsagain saaeehin step 203.

The met%%'ﬂ%ﬁé!ﬁe@ 15 t§esarpdstg149?§idﬂtgt@dotﬂsetttytﬁ i t&arﬂrtr?%ttt%tndﬁtre%%zrgt step 203,
the metal oxi ’Pﬁ% d?ﬁ yer 115 ggrntegcwates int he plura |t%/ metal particles 112. The metal particles are

formed fr&Hf Btei § 182 #RL GESHRASTHR 8f the metal oxide layer 115 and the formation
of the metal parfbm@mﬂmﬁakel?ﬂééé aratbyiptrdty sehsiieds Then wn ebadiae 3008 Titesimetal oxide

layer 115ris skbejvided; &t aesmeTatreauehthatheavarage diameteafdbesneilipattisles 112 is
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ggt SeXEen@t@tﬁﬁfae the etﬂqttasiealstgtci e ﬁﬂ@f@&@a@ir@@ laagrhm&ﬂ@qct@t?ta@mft% the %Hrrfggg 116.
ubseguently the ctive la ) osited anto the surfac in step more
partrculanH )?1 rﬁr:tye;gr%% airﬁé enﬁance Se%rg%:a apor eseoséﬁfgrn? ﬁ?&V@f it n‘I]:egure 5 shows a
schematie® ﬂ?é@éﬁﬁaﬁ%ﬁ’é‘tfﬁ%é’%ﬂﬁ’%ﬁtéhlmtﬁetﬁ%l %P‘i‘ﬁi“éﬁ%l‘t N4y 81 §18868Ading to
embodimemts;|$elldWirgltverppose pdastepi202 of Figure 4. The two-dimensionally distributed metal

oxide layer 1151%@9@%%?91%‘?&%@@@11%%19&%%&'"s%ﬁk@ﬂﬁ@@ﬁ@ﬁi steﬁ&tt%aﬂwceﬁgurém&layer 111

that faces fromt S b ate 101. (f erl1l5isa suc anner that it
drsrntegra?g EX ﬁ%??ne% %ei%sr 63]rttol| al'Hetrcu lar by 5%11%/ An egc?lo f%’ﬁ)erfﬁ 0 the me ar?partrcles 112,

which hatréthtrpéx?érraaéfa &W‘Feﬁé‘tcéif]legs HatPdhebedtisaion ﬂfﬁhe 111C‘ﬁ?§ht@‘3@§%ﬁ/§ta‘1§chematlc
representatiahpaféc Baction &l oievaopatiel sybsisatecl@Qdiwith theolayrethd phoand dhe layerstiB BXwell as

the metalparjeleadl 1gARGOIIG IR AIRAaRRISIRY A0 PTRiaIE b Thovmisial payticles 112 are

formed from themrlrgetat1 1 e Ia era%és and covered by the second transparent electrically conductive
layer 113a ay FYIRES ers e metal particles 112 in such a manner that the layer 113 has a

thickness 117 if'th&Ruaectisrinsidgpproxistiately ismafified at iensied ngaiviend b2 Pigilike 6 comprises
the substpatenidlefibel the electrode 110 with the metal particles 112. Subsequently, the photoactive

layer stack 120 £, he depRsiteronaihe eiaRIsmANATFIGHIE BRI RATIGHIAYY, ARt the surface

116.
surface plasmons on the metal particle 112. The excitation creates a field E that is different at

time t in comparison to time t + At. The absorption of the radiation R leads to the formation of
plasmons. The energy of the plasmons is transferred into the photoactive layer stack 120 and
converted there into electrical energy. Thereby the efficiency during operation is increased,
because a larger proportion of the incident radiation R 1s converted into electrical energy than
was conventionally the case. In comparison to conventional photovoltaic cells, the absorption
probability is increased by the arrangement of the metal particles 112 and the resulting plasmon
effect.

Figure 2B shows one form of the non-radiative energy transfer. The incident radiation R
excites a surface plasmon resonance on the metal particles 112 for example. This resonance and
thus the energy of the plasmons is then transmitted as a limited wave mode M into the
photoactive layer stack. It is then converted in the photoactive layer stack 120 into electrical
energy. Thus a higher proportion of the incident radiation R is converted into electrical energy
due to the metal particles 112 than without the metal particles 112,

Figure 3A shows a near field low-density distribution of silver metal particles 112.



The surface 114 of Figure 5 and the surface 116 of Figure 6 are smooth and are distributed as flatly as
possible over the entire two-dimensional extent of the layers 111 or 113, as shown. According to other
embodiments, the surfaces are each textured roughly. The surface 111 is thicker in the X-direction
than the surface 113, so that the two-dimensionally extended area in which the metal particles 120 are
arranged is closer to the surface 116 than to the syrface 102 of the substrate 101. Figure 7 shows a
schematic representation of a sectional view of a tandem junction photovoltaic cell, which has two
photoactive layer stacks 120 and 160 stacked in the X-direction. An intermediate layer 150 is
arranged on a stigface’ B2hok phatoacitie dayes siaclk 120 thaidat esravwayifrdomithe sighsiemtéry The
second phetoagtiya @yg&ggaiqlg 160 is arranged on a surface of the intermediate layer 150 that faces
away from the Hhotoaﬁtl af 81yt 120. The mterimedlate laye f is.arranged b tween the two
photoactive layerStacks 120" AN e SRIFEEHSh 2 MRS HEda 8?'(1?60 Stnprises a
first sublayeprismg featralfdins the photoactlve layer stack 120. A second sublayer 152 of the

intermediate Iaytersﬂe@@adjmﬂsaettbene&cmuipb@tﬁaeﬁvaltayerestaaﬁt{caﬁjacaﬂmdﬂtermdiﬁtedayer 150

compriseg,dp, |ppt@rdéﬁgggﬁt&egqﬂgmggrﬂgpgp Si0", SiCO, SiNx, SiCx0y, SiCx0yN,, ZnO, ITO
and SnO2. 1 Accordin Lo (i%bodlments the retrogﬁflector layer 130 is arranged on the second

photoactive layét SR80 PO RBEB b HS L MEBHALALS 4R Sl PRBFEh LRSS 9P, which
correspoRtisirsiivehoets. theurte mhbd izt oyl a0 1 i ferfnouedntidsssdonddphensaotille layer stack
160. An agglifiesahphotonetire fRyeas stacklis@inrger on the additional intermediate layer, so that a

lled tripl t tj d 160
so-called triple %%'t&%égﬁﬁéﬁﬁg% meta %?&’J ‘f{%g& Pté‘?’?&éﬁ%s g 5‘9[?118@85%% VRGN éer fiRAA an
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intermediag Iayetaléeleté}e Lmtemdgateetauealﬁﬁﬁtgeﬂe%sdmi@tmtqftﬁteomeme@ragteat@eg@ahat is
partlcularM v¥ ?L%(?S%IQIRQ%O %{t\ﬁe I%yer stack 120 back into the photoactive layer stack 120. The
|ntermed|ate ayer IS transpare tto radlatlon of the wavelength range that is particularly well
absorbed in the PRI ALAVE SPAERE 18 GPodipTR nfaTRAiatY #a) et Té@gétﬁﬁt"dﬂé‘é g {eraiiigof metal
particles digntnedunetafhealktivlesidd 2fdhe matahgeddiaaawd-difffensionalbnextendediregionfalong the
surface 12L..Raklweandngdvo; @Q@m@&m&ay&r@taﬁk%%ﬁ@w &ﬁ%dme msrgémtttﬁteﬁté&%he
CorreSport}%llﬂnformﬁHdl];unc thhe)g(rin mesnécs)n T E(%J ccord n 01 1 gt '[]OS(%UC%IO%(EIG
sublayer S'deposited o e 'Surface 121 Tolf owing i dae ositl tﬂfﬁ Ch otoactive 12 ayer stack
120. Thed ltﬁéﬁﬁt@ltémtaéltayéwt&eteﬁéﬁagﬁéaddﬁ@%é%%m&yé‘? 1 5W Y @‘é&%ﬁtﬁ%’éd into metal
particles fdi2diysrn@anshoftheatinbsanc obolingad tervipe 2t asvbelow QA Tnerrith€ Isechnad sublayer
152 is deposited T gpsggond photoactive layer stack 160 is subsequently deposited on top of the

sublayer 152. A thermal decomposition is carried out in step 203, According to other embodiments, an

annealing process is carried out in step 203. The metal oxide layer 15 is heated and again
cooled in step 203. The metal oxide layer 115 is subdivided into a plurality of metal particles 112
in step 203. In step 203, the metal oxide layer 115 disintegrates into the plurality of metal
particles 112. The metal particles are formed from the metal oxide layer 115. The subdivision of
the metal oxide layer 115 and the formation of the metal particles 112 take place at a temperature
of less than or equal to 500°C. The metal oxide layer 115 is subdivided at a temperature such that
the average diameter of the metal particles 112 is less than or equal to 100 nm.

The transparent electrically conductive layer 113 is deposited subsequently, in step 204.
In particular, the layer 113 1s deposited by means of sputter deposition. The layer 113 is
deposited in such a manner that it covers the metal particles 112, The surface 116 (Figure 6) of
the layer 113 is a distance away from the metal particles 112, so that the metal particles 112 do
not extend outside the electrode 110, The metal particles 112 have no contact with the surface
116.



The metal particles 112 are covered by the sublayers 151 and 152, so that they are not in direct
contact with the photoactive layer stacks 120 and 160. This avoids an undesired electrical connection
of the two photoactive layer stacks 120 and 160 via the metal particles 112. In addition, this allows a
good energy transfer from the intermediate layer to the photoactive layer stacks 120 and 160. The
material and size of the metal particles 112 in the intermediate layer 150 are specified in particular
based on the materials and the wavelength rangé& of absorption in the two photoactive layer stacks
120 and 160. Figure 8 shows a schematic representation of a cross section of a photovoltaic cell
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intermediate layeF 150 Sha n e foat SRS ERLE ratgé?r? S junction CSIrs BE&hovwh 1A Bigure 7 for

example Usdesraing adentlayal ]ér%B%B’?He?ﬁt%letﬁ@%@?aflﬁﬁ‘ﬁrb?@saﬂ%h% wébewgeﬁqn the front
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two directly adjgtenirphotascti e yefestacksAliemativiely 08 addiionalys tbeonetabpairticles 112

accordin S ﬁ%ﬂﬁ’? f t ing.away from
the subs'(r%lzjlér?'e@]f.ﬁ ?@%%?%l ?%)&émbo ﬁnl%g{ g?&ﬁb@&%ﬁ& %ﬁ%@?ﬁ%ﬂﬁeﬂaﬁgﬁg@g %%fg%e and/or after
ayer

each of tAEJSHETEAL S{HOKE PATICY RIS AP aéﬁ?ér]a Qe size and/or the material of the
metal particles 119 wirdaspééifietithawed ondie lsyéch MhichHisamerkparticiesarerarranged. For

example dibgiavelagalsibeapdteihe atesiatnttha raptahprkticlesder 6balele9ér@d@11&01 aze specified
diferen'Wtan e everage sl andalhmmaerelalibanetal Rrdlas e for g Lliaielector

layer 130 Far example, the average sjze and /or the materia e meta art

electrode ﬂbga}?f%’r fﬁ@?eﬁélﬂé‘f%iﬁ‘érﬂr%é]?el%@f% lslﬁeéﬂr@ﬁtdﬁf‘e%?lﬁg}l?ﬁ%ﬁ‘{%}a\?éP%Féjr?‘%lze and/or
the matefiegof thibighébalpeiticleidlep o the dragnédiatesiaytortiSeurface I @tivbodithe ntsfate metal
particles 1d2Jntanrdsmdengiion cells are formed in such a manner that radiation in the wavelength
range that is abﬁ%mgct%&q%l \gg I in th ][rﬁoél actrve layer.s a(;k 12 | reflected back into the
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photoactive Iayer St fation In the wave eng; Jrange at Is absorbed | ‘%arf]cularly well in
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the photdXiRe %F@fa&i@‘f@é‘?é Yot poREaR AR shdarptidalomddritisackedia Ravelifgttrange that
is absorbed parfisutaclywdiiinlayer photoactingdd yeral R0fared]  Isubseguantvedayeadiathve2traimsfer back

into the phetoactivar@nand 4 is-Asorpessiblfl phdtoactive layer stack 160 is arranged on a surface
of the intermediate Jayer 150 that faces away from the photoactive layer stack 120. The
intermediate layer 150 is arranged between the two photoactive layer stacks 120 and 160 in the
X-direction.
The intermediate layer 150 comprises a first sublayer 151 that adjoins the photoactive
layer stack 120. A second sublayer 152 of the intermediate layer 150 adjoins the second

photoactive layer stack 160. The intermediate layer 150 comprises, in particular, one of the
following: doped 8iQ,, SiCO, SiN,, SiC,O,, SiCyO\N,, ZnO, ITO and SnO,.



According to other aspects, the metal particles 112 are formed in the tandem junction cells in such a
manner that radiation in the wavelength range that is absorbed particularly well in the photoactive layer
stack 160 generates plasmons in the immediate layer 150, the energy of which is transferred into the
photoactive layer stack 160. The absorption probability of the incident radiation, and thus the
efficiency of the solar cell, is increased by arranging the metal particles 112 in the photovoltaic cell
110. Thereby the thickness of the photoactive Iaygr stack 120 or of the layer stack 160, in particular
the thickness of the substantially intrinsic layer, can be reduced, whereby in particular the

manufacturing cosisraie; redugedi By-anphd rgthennetal oxddedayerddhhy onaans@hgputter
depositio (gtbeam%qw&rﬂg@sl%@n be used even for large-area photovoltaic modules with a size
greater than 5 m2, inflparticular greater than 5.7 m2, because they are uniformly distributed over the

entire surface af$S B e S RPAGRERS: GF o thioral s i o AU eosis eMdt fR-area solar

modules.fimcditiothethreespatietadepositonipfotess andiaisecsud sdgtmtine ftinyg stasdl £60lidg can be
easily intggaateghinRoaiteady iexsting imaayiaciy o aeeases fonthinctlmeselar, eelisat a soBY using

the metak?ﬁé}f%}?ﬁelcl% ii';[ {grpﬂq%isible to forgo structuring of the electrodes or of the intermediate layer,

because a high dbsorption probability is achieved even without the texturing. Therefore the voltage of

the solar cells cAf°BE'|RBrEASBE Betkuse & M6ipar Serarcredistantd sedhdhihirShuttbretidiched zinc
oxide everelithoupteiteting Meone oxve ihigpossiblesa doordirgtbteembodispentd tadorgo the additional
rear elecpde,ktq By draading dhe meia Rarides ddadndheirallesir lawen 43 14 Claims 1.
Method fo piodicing, ansparent electigrs (110).on & substate (101), e mefhodcomprising: -
provision of the ngstrdte?lf ]5 “‘degosition ot & first tra sparent efec rlca?ly conductive iayer (111) on
the substiatee(riynediagigyssiish braimrtardriadeydr frrdreh adarerel Leaseimediectrically
conductiverigyéra(id p)facilaghawely fromtthkisphstoate{d Ger stackubdivisiomof thephvetat dxide layer
(115) intq RK urlity 2f Metalh Raides: (@) DY Rither3kAeCOMRESIUANT the wavelength range
that is particularly well absorbed in the photoactive stack 160.
The intermediate layer 150 comprises a plurality of metal particles 112. The metal
particles 112 are arranged in a two-dimensionally extended region along the surface 121,
between the two photoactive layer stacks 120 and 160. The metal particles 112 correspond in
form and function to the embodiments of Figures 1-6.
During production, the sublayer 151 is deposited on the surface 121 following the
deposition of the photoactive layer stack 120. Then the metal oxide layer 1135 is deposited onto
the sublayer 151 and decomposed into metal particles 112 by means of heating and cooling at
temperatures below 500°C. Then the second sublayer 152 is deposited. The second photoactive
layer stack 160 is subsequently deposited on top of the sublayer 152,
The metal particles 112 are covered by the sublayers 151 and 152, so that they are not in
direct contact with the photoactive layer stacks 120 and 160. This avotds an undesired electrical
connection of the two photoactive layer stacks 120 and 160 via the metal particles 112. In
addition, this allows a good energy transfer from the intermediate layer to the photoactive layer
stacks 120 and 160. The material and size of the metal particles 112 in the intermediate layer 150
are specified in particular based on the materials and the wavelength ranges of absorption in the
two photoactive layer stacks 120 and 160.
Figure 8 shows a schematic representation of a cross section of a photovoltaic cell with
the substrate 101 in accordance with other embodiments. The retroreflector layer 130 has a first
sublayer 131, which is arranged on the surface 121 of the photoactive layer stack 120 and adjoins
it. The retroreflector layer 130 has a second sublayer 132, which is arranged on the photoactive
layer stack 120. The first sublayer 131 and the second sublaver 132 enclose a plurality of metal

particles 112. The two-dimensionally extended region in which the metal particies 112 are



deposition of a second transparent electrically conductive layer ( 3) on the metal particles (112). 2.
Method for producing a photovoltaic cell (100), the method comprising: provision of a substrate (101),
- deposition of a first transparent electrically conductive layer (111) on the substrate (101), -
deposition of a metal oxide layer (115) on a surface ( 4) of the electrically conductive layer (111) facing
away from the substrate (101), subdivision of the metal oxide layer (115) into a plurality of metal
particles (1 2) by a thermal decomposition, -d position of a second transparent electrically
conductive layer (113) on the metal particles (112), - application of layers (120, 130, 140) to the
second trangpaepielasticaiineandustivetayer(dd 32 in ordaiedinish drenphatpmaitaicicell. 3. Method

for produszsfe@e%fm%ta}{%!@iqﬁegh@%%%ﬁ%a@sm%s @@J@{g&g&g&%‘ '%Ptgf%@ sybstrate (101),

deposition of a transparent electrically conductive electro on the substrate §101
application of a irSIBKGBRERIS ALl PIe Ry e hasfstiarkdeletrugiRe g7 electrode

(110), before reaching the retroreflector layer 130 is reflected by the metal particles 112 in the

retroreflector layer 130 back in the direction of the photoactive layer stack 120, so that the
radiation can then be absorbed.

According to other aspects, the plurality of metal particles 112 is arranged both in the
front electrode 110 and in the retroreflector 130. According to other embodiments, the metal
particles 112 are arranged both in the intermediate layer 150 and in the front electrode 110 for
tandem junction cells as shown in Figure 7 for example. According to additional embodiments,
the metal particles 112 are also arranged in the front electrode 110 and in the rear electrode 130
for tandem junction cells. According to embodiments of tandem junction solar cells, the metal
particles are arranged in the front electrode and/or the rear electrode even without an
intermediate Jayer.

The metal particles 112 are arranged according to embodiments in the X-direction in
front of the photoactive layer stack 120 closest to the substrate 101. Alternatively or additionally,
the metal particles 112 are arranged according to embodiments between two directly adjacent
photoactive layer stacks. Alternatively or additionally, the metal particles 112 according to
embodiments are arranged after the photoactive layer stack arranged facing away from the
substrate 101, According to embodiments, the metal particles 112 are arranged before and/or
after each of the photoactive layer stacks.

In particular, the average size and/or the material of the metal particles 112 are specified
based on the layer in which the metal particles are arranged. For example, the average size and/or
the material of the metal particles for the electrode 110 are specified differently than the average
size and/or the material of the metal particles 112 for the retroreflector layer 130. For example,
the average size and/or the material of the metal particles 112 for the electrode 110 and/or the
retroreflector layer 130 are specified differently than the average size and/or the material of the
metal particles 112 for the intermediate layer 150.

In embodiments, the metal particles 112 in tandem junction cells are formed in such a
manner that radiation in the wavelength range that is absorbed particularly well in the
photoactive layer stack 120 is reflected back into the photoactive layer stack 120, and radiation
in the wavelength range that is absorbed particularly well in the photoactive layer stack 160 is
not reflected. An absorption of radiation in the wavelength range that is absorbed particularly
well 1n the photoactive layer 120 and a subsequent non-radiative transfer back into the

photoactive layer 120 is also possible.



- application of a first intermediate layer (151) to the first photoactive layer stack (120), deposition
of a metal oxide layer (115) on a surface of the first intermediate layer (151) facing away from the
substrate (101), subdivision of the metal oxide layer (115) into a plurality of metal particles (112)
by a thermal decomposition, - application of a second intermediate layer (152) to the metal particles
(112), 15 - application of a second photoactive Ia}/er stack (160) to the second intermediate layer
(152). 4. Method for producing a photovoltaic cell (3100), the method comprising: - provision of a
substrate (101), - deposition of a transparent electrically conductive electrode (110) on the substrate

(101), applisatiorabanhnteagiveslayensiack£4120) to the-dransparanhelastisalnsanductive
eIeCtrOdecQ’l%qpl’ such a manner that radiation in the wavelength range that is absorbed particularly well in
the photoactive layer stack 160 generates plasmons in the immediate layer 150, the energy of
which is transferred into the photoactive layer stack 160.

The absorption probability of the incident radiation, and thus the efficiency of the solar
cell, is increased by arranging the metal particles 112 in the photovoltaic cell 110. Thereby the
thickness of the photoactive layer stack 120 or of the layer stack 160, in particular the thickness
of the substantially intrinsic layer, can be reduced, whereby in particular the manufacturing costs
are reduced. By applying the metal oxide layer 115 by means of sputter deposition, the metal
particles can be used even for large-area photovoltaic modules with a size greater than 5 m?, in
particular greater than 5.7 m?, because they are uniformly distributed over the entire surface area
of the solar module, or of the cells of the solar module, even for large-area solar modules. In
addition, the sputter deposition process and the subsequent heating and cooling can be easily
integrated into already existing manufacturing processes for thin-film solar cells.

By using the metal particles 112, it 1s possible to forgo structuring of the electrodes or of
the intermediate layer, because a high absorption probability is achieved even without the
texturing. Therefore the voltage of the solar cells can be increased because a lower series
resistance occurs with sputtered/etched zinc oxide even without texturing. Moreover, it is
possible according to embodiments to forgo the additional rear electrode 140 by arranging the

metal particles 112 in the retroreflector layver 130.



- application of a first retroreflector layer (131) to the photoactive layer stack (120), deposition of a
metal oxide layer (115) on a surface of the first retroreflective layer ( 31 ) facing away from the
substrate (101), subdivision of the metal oxide layer (115) into a plurality of metal particles (112)
by a thermal decomposition, - application of a second retroreflector layer (132) to the metal particles
(112). S. Method according to one of Claims 1-4, in which the metal oxide layer (115) is deposited
by spluttering. 6. Method according to one of Claims 1-5, in which the metal oxide layer (115)
contains silver, gold and/or platinum. 7. Method according to one of Claims 1-4, in which in which
the tempernature for thermal decomposition is less than or equal to 500C. 8. Method according to

one of Claims 17 MAIHe0- A dTalR) EXRIER Hdirdoi A5 50MRAERIN e MARRHINR! the metal

particles (122) have an average diameter of less than or equal'to 100 nm. 9. Met according to
one of CI&THE'1¥88in which gaseous oxygen is supplied during the deposition of the metal oxide layer
(115). 10. Methvdiasedidingrtet@laith®d)or 2, in which the thickness (117) of the second

transparent electdgailyioneiuctive tayep{tadisiassthamanaauahiefd Nen the tdbdMathod
accordin%g&?laim 4, in which the thickness (133) of the first retroreflector layer (131) is less than or

equal to 50 tun 12. Arrangement for a photovoltaic cell comprisinlg: _ )
- deposition of @ metal oxide layer (115) on a surface (114) of the electrically conductive

fayer (111) facing away from the substrate (101),

- subdivision of the metal oxide layer (115) into a plurality of metal particles (112) by a
thermal decomposition,

- deposition of a second transparent electrically conductive layer (113) on the metal
particles (112).

2. Method for producing a photovoltaic cell (100}, the method comprising:

- provision of a substrate (101),

- deposition of a first transparent electrically conductive layer (111) on the substrate
(101),

- deposition of a metal oxide layer (115) on a surface (114) of the electrically conductive
layer (111) facing away from the substrate (101},

- subdivision of the metal oxide layer (115) into a plurality of metal particles (112) by a
thermal decomposition,

- deposition of a second transparent electrically conductive layer (113) on the metal
particles (112),

- application of layers (120, 130, 140) to the second transparent electrically conductive
layer (113) in order to finish the photovoltaic cell.

3. Method for producing a photovoltaic cell (100}, the method comprising:

- provision of a substrate (101),

- deposition of a transparent electrically conductive electrode (110) on the subsirate
(101),

- application of a first photoactive layer stack (120) to the transparent electrically
conductive electrode (110),

~ application of a first intermediate layer (151) to the first photoactive layer stack (120),

- deposition of a metal oxide layer (115) on a surface of the first intermediate layer (151)
facing away from the substrate {101),

- subdivision of the metal oxide layer (115) into a plurality of metal particles (112) by a
thermal decomposition,

- application of a second intermediate layer (152) to the metal particles (112),



- a substrate (101), - a transparent electrically conductive electrode (110) comprising two
transparent electrically conductive sublayers (lll, 113) on the substrate (101), as well as a
two-dimensionally extended region between the two sublayers (111, 113) that contains a plurality of
metal particles (112) from a metal oxide. 13. Arrangement, comprising: 16 - a substrate (101),

- a transparent electrically conductive electrode (J[(%lO) comprising two transparent electrically
conductive sublayers (111, 113) on the substrate (101), as well as a two-dimensionally extended
region between the two sublayers (111, 113) that contains a plurality of metal particles (112) from a
metal oxide, - a-pippleacive fayercstagkh(iQ)ion tyerateckridadly cothductiveidteatiodea(d 1Qyr14.
Arrangen'(liagg)‘comprising: - a substrate (101), - a transparent electrically conductive electrode (110) on

the substrate (19%)einoq 1 FAICISES NG SRR () 92 e RSRsyeqs lectoaly conduciive

- provision of a substrate (101),

- deposition of a transparent electrically conductive electrode (110) on the substrate
(101),

- application of a photoactive layer stack (120) to the transparent electrically conductive
clectrode (110),

- application of a first retroreflector layer (131) to the photoactive layer stack (120),

- deposition of a metal oxide layer (115) on a surface of the first retroreflective layer
(131) facing away from the substrate (101),

- subdivision of the metal oxide layer (115) into a plurality of metal particles (112) by a
thermal decomposition,

- application of a second retroreflector layer (132} to the metal particles (112).

5. Method according to one of Claims 1-4, in which the metal oxide layer {(115) is
deposited by spluttering.

6. Method according to one of Claims 1-5, in which the metal oxide layer (115) contains
silver, gold and/or platinum.

7. Method according to one of Claims 1-4, in which in which the temperature for thermal
decomposition is fess than or equal to 500°C.

8. Method according to one of Claims -7, in which the metal oxide layer (115) is
decomposed in such a manner that the metal particles (122) have an average diameter of less
than or equal to 100 nm.

9. Method according to one of Claims 1-8, in which gaseous oxygen is supplied during
the deposition of the metal oxide layer (113).

10. Method according to Claim 1 or 2, in which the thickness (117) of the second
transparent electrically conductive layer (113) is less than or equal to 50 nim.

11. Method according to Claim 4, in which the thickness (133) of the first retroreflector
layer (131) is less than or equal to 50 nmn.

12. Arrangement for a photovoltaic cell, comprising:

- a substrate {101),

- a transparent electrically conductive electrode (110) comprising two transparent
electrically conductive sublayers (111, 113) on the substrate (101), as well as a two-
dimensionally extended region between the two sublayers (111, 113) that contains a plurality of
metal particles (112) from a metal oxide.

I3. Arrangement, comprising:



- an intermediate layer (150) comprising two sublayers (151, 152) on the layer stack (120), as well as a
two-dimensionally extended region between the two sublayers (151, 152) that contains a plurality of
metal particles (112) from a metal oxide, - a second photoactive layer stack (160) on the intermediate
layer (150). 15. Arrangement, comprising: - a substrate (101), a transparent electrically conductive
electrode (110) on the substrate (101), - a first p o()toactive layer stack (120) on the electrically
conductive electrode (110), an retroreflector layer (130) comprising two sublayers (131, 132) on
the layer stack (120), as well as a two-dimensionally extended region between the two sublayers (131,
132) that contains salpiusality@fmetal particles (112) from a metal oxide. 16. Arrangement

according to one;of Gilaims,d ety Biskibe DakkRaLiaes) ddn) SR Sietgeld and/or
platinum. 17 Arraghgiement ccordg;%tci Péﬁe of Clangs 13-&%65n which the thickness (117, 133) of
to

the sublaf&F{E15Y £315IRAYSAEREYRE 8 5 SPRHER ,’féd‘jerg 184<Mifan or equal to 50

nm. dimensionally extended region between the two sublayers (111, 113) that contains a plurality of

metal particles (112) from a metal oxide,

- a photoactive layer stack (120) on the electrically conductive electrode (110).

14. Arrangement, comprising;

- a substrate (101),

- a transparent electrically conductive electrode (110) on the substrate (101),

- a first photoactive layer stack (120) on the transparent electrically conductive electrode
(110),

- an intermediate layer (150) comprising two sublayers (151, 152) on the layer stack
(120), as well as a two-dimensionally extended region between the two sublayers (151, 152) that
contains a plurality of metal particles (112) from a metal oxide,

- a second photoactive layer stack (160) on the intermediate layer (150).

15. Arrangement, comprising:

- a substrate (101),

- a transparent electrically conductive electrode (110) on the substrate (101),

- a first photoactive layer stack (120) on the electrically conductive electrode (110),

- an retroreflector layer (130) comprising two sublayers (131, 132) on the layer stack
(120}, as well as a two-dimensionally extended region between the two sublayers (131, 132) that
confains a plurality of metal particles (112) from a metal oxide.

16. Arrangement according to one of Claims 12-15, in which the metal particles (112)
contain silver, gold and/or platinum.

17. Arrangement according to one of Claims 13-16, in which the thickness (117, 133) of
the sublayer (113, 131) that faces the photoactive layer stack (120, 160) is less than or equal to
50 nm.



