Process for the Production of an Inorganie - -~ - - - - - o
Sem conductor-Particl e-Contai ning Layer as well as Conponents

Conprising this Laver The invention relates to a process for
t he production of an inorganic sem conductor-particle-containing
| ayer as well as conmponents that conprise this |ayer. A

conponent of the above-nentioned type is known from WO Al - 00/ 33396,
whi ch has inorganic sem conductor particles in colloidally dissolved
form These conponents include, for exanple, solar cells, mhich
convert gﬁnllgﬂ into electrical energy. In this case, the energ
product i 47182d out by a solar cell system RGIIEAT EEHEW@%% of a
hybrid |l ayer. Such hybrid solar cells, also nanmed nanoconposite sol ar
cells, consist of inorganic seniconductors such as, for exanple,
CdSeII43 Cds%Sl CdTe161 ZnCNl T|C218 93 Cm1182[10 13] or

The productlon of the |norgan|c senlconductor partlcles for such

P Py 2 haversi ng t he nost varied nmethods. The
nost common nethods are the coIIO|daI synthesis with use of a capper
and the sol vothermal synthesis in the autoclave. These
processes are relatively expensive, however, since the use of a
capper is necﬂmmeymroremeewempmmefouﬂdesdduaidne)fa@gio@mrcatl on of the
nanoparticles that are used. The invention is intended to correct

t his. semicadGAbIafEr1d-ContdiEing RYENRE ol as ANPoAGESBatRbmbAR this layer.
above-nentioned type is indicated, which is characterized in that the

i norgani c sermeeﬂﬁhheﬁwftm%wcﬁleﬁmén@m RbA¥EH WG-A 120072508d i n
situ fromnetal salts and/or metal conpounds and a salt-Ilike or
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also relates to conponents conpris e 1 ndrgan
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phot oacti ve Iayer of the solar cell in situ in a sem conducting
organi c REHPEIVePBWERSt i ng of, for exanple, |ow nol ecul ar

el ectroacti ve nol ecul es, semi conduct i n pol ymers and/ or_ ol i goners,

are convert edMtiemfastugian o girdirresiesemigen apitiglshior sncasplrngedaran
synthesis, this has the advantage that the colloidal synthesis step
and the beewisdauthy usiregrtire mepeadsdvrecthasie kL hmog conmps mehndgyze ki ni nat ed
As a result, a significantly sinpler and nore econom cal production
process rallofabioudioss Wit e, of a capper Zud chelrolvothewm syraliesa dvtinpetgdasf t hi s
invention lies in the fact that a capper can be elim nated. Cappers
consi st pri neftiebgprodesses gamelati shrdxaeisnatimwew) diveithe usosf2 cppedss ar e

i nsul ators. These insulators inpede the dissociation fromexcitons
(el ect r onechsshry tppievan) thetunddsizaliid mpghmeraian pf thayeropaisiclkeetlhkt msudethe char ge
transport for electrodes and thus reduce the degree of efficiency of
t he sol ar celTh.inBytidnie itaidsd foweitrecdthiof nanoconposite solar cells

According to the invention, a process of the above-mentioned type is indicated,

which is characterized in that the inorganic semiconductor-particle-containing layer is



3 without an insulating capper, the conductivity of the active

| ayers, in particular then-conductor, and thus the degree of
efficiency can be significantly inproved. For the production of

| ayers for the conponents according to the invention, the respective
i norgani c and organic starting conpounds are applied as film and then
converted into sem conductors. Anot her, 1ikew se advant ageous
production process for the conponents according to the invention
consists in that the sem conducting | ayers are produced by applying

t he or ganfoameirial sinnfsrg ksl satlsand/bietSREPPSIAES andl £ 131k b} haReay's
conversion into sem conductors. The conversion of the starting
conpoundsreididn®wiRiflaGeAUAdwRIS Mibdni Matkifie organic matrix is preferably
carried out by thermal treatnment of the starting conpounds at

tenperat ures @ihd?@ivRRB0Y leﬁ'ﬂ&ﬁiﬁ&ntm& 40Q6s aclGaRGHE Grvehton are

phot oacti ve sem conductor |ayers according to the”invention,

t enper at Ufi@fossd 40oking 3 db¥lalngSs than 400C are used, since
tenperatures that are too high can | ead to undesirable reactions of

the starting L : .ne production
of photoactivgﬂggﬁ#@gﬁggéggggﬁgggégﬁgﬁgF%@ﬁﬁgﬁ%gﬁgg Pég, t he use of
| TO (i ndi i i coated plastic substrates . and thus  the
productiéﬁﬁg%h¥$§§'%ﬁékggﬁgwu§gﬂfng§mﬁ gprgng 1o the inv 9 P &7 get ed
selection,of .the starting conmpounds,..the canver.sion te rature can
al so be |°8Lanterali “faéfﬁ%?se%omp ‘%H‘@ aecohiing g s mgtiohge §?1%f;$ﬁ% & compounds
into sem con uc%&kﬁ @gn ﬂe arried out in the presence of an acid.
The convePey selacgells-+ ThrrorBiraiReording 9 Uemy ey AR iy ompEse
Iikemﬁsegge,carnied_out advant ageously in the presence of a base. 4
Anal ogoush§nPiganif EmieRatHep-Ra el rRIfAMINGIRYAr St isiradycedracenrding jo ¢
greater than 1 (one) eV for the conversion of the sem conductors can
al so be Jgwgtion, include a¢itionglrhotodeledionss the | ayers into semi conductors
can take place in inert gas atnosphere or in air. When appl yi ng
t he sem condudiagelar eglls &0 eqrodused gsasampenenircofrding¢o Bisrpeentern, s
according to the invention, the starting conpounds can be present
bot h as diegantogiagietesoas shuldpaneduotslirestty widhinthe photoadivp bigeref the salsr
slurry (pasty suspension).

cell in situ in a semiconducting organic matrix, consisting of, for example, low-molecular

electroactive molecules, semiconducting polymers and/or oligomers, are converted into
semiconductors. In comparison to colloidal synthesis, this has the advantage that the
colloidal éynthesis step and the associated, very expensive working-up steps can be
eliminated. As a result, a significantly simpler and more economical production process
is made available.

Another essential advantage of this invention lies in the fact that a capper can be
eliminated. Cappers consist primarily of organic surfactants, which in most cases are
insulators. These insulators impede the dissociation from excitons (electron-hole pairs) at
the p/n boundary layer as well as the charge transport for electrodes and thus reduce the

degree of efficiency of the solar cells. By the construction of nanocomposite solar cells



The starting conpounds can al so be present in conplexed form
Wth the process for the production of inorganic sem conductor
particles according to the invention, netal conpounds that react with

a salt-like or organic reactant are used. In the nmetal conpound
that is used as a starting conmpound, this can be a salt-Iike
conmpound. In a |like manner, the netal conpound can be an
organonetal I i ¢ conpound or an organonefal |ic conpl ex. The net al

conmpound that is used can have both basic and acidic properties,

whi ch nmakes .t he, canver.si on into a sem.conductor .possible. at | ow
Henper at ur U0 B GE Prbaet e RrRERTG L Mo e B popgi e T e
production acgording to the inv FLon al so conprises reactions in the
presence ofCRHE% aﬂg hos eglesres 86% Ifigncy Gampe significantyoprgede yr ¢ ent

yield of the conponents according to the invention in the form of
solar cells is &AeHhepwdustionchlsyers fa thefomgensnis aserding idheinyentioasthe i al s
are particles whose 5 grain size is between 0.5 urn and 500 nut The
si ze of thasweyye iosgaals agd erganiy sype serspands dre apnding enfilonaridsherr at i os

of the starting conpounds and the polynmer matri Xx. The inorganic
seni conductconveptad intadeadcaatlentorsonpri se nanoparticles. These
nanoparticles can have, in particular, properties such as, e.g.,

i npact i oni zat i dnpthwhlikdwiseragdvarsagousproduetidnyiro@sgfonthe abmpeneots atdosding
solar cells, see M A Geen, Third Generation Photovoltaics,

Springer Vas tednveR®pnsists in that Beessesbicondugtisgfayers &t prrdadddastapplyingtiee

i norgani ¢ nanoparticles that are produced, the physical properties of

the seni congiipicand indaanieataetidef@npainds WAL RSEORInCeioRiRgS. The

i norgani ¢ sem conductor material can al so, however, be present in the
form of aggbaierRtRs, of particles as well as froma network with or

W t hout noticeable grain boundaries. Via the network, charge carriers

can flow into tig, sAL&SibALE hE Qt"artﬁé%@iﬁ}g&mdé Bto%eRRbARcRRd Yt
The term "inorgani c sem conductor particles” conprises sulfides]

sel eni des, {ghl 4rid&oly ARLEIBR bY ARmmA @@&E@g@ %n-g: nsf[t:e?tgﬂr?g%%burﬂistaf ides as

wel | as elenmentary seniconductofs. The a 'norgani c

sem conduc tt&rlfera%rgs &el;e%%g 58% an%laL mgéfngOJﬁn %rgﬁgg 12 %H&ggc W3

semiconductor layers according to the invention, temperatures significantly less than
400°C are used, since temperatures that are too high can lead to undesirable reactions of
the starting compounds or decomposition products. By the production of photoactive
semiconductor layers at low temperatures, the use of ITO (indium tin oxide)-coated
plastic substrates and thus the production of flexible solar cells is possible.

With targeted selection of the starting compounds, the conversion temperature can
also be less than 100°C.

The conversion of the starting compounds into semiconductors can be carried out
in the presence of an acid.

The conversion of the starting compounds into semiconductors can likewise be

carried out advantageously in the presence of a base,



In solar cells, the inorganic sem conductor particles that are

obt ai ned can act as both el ectron donors and el ectron acceptors.

It is advisable that the production of the inorganic sem conductor
particles be carried out in a sem conducting organic nmatri x.

Thi s sem conducting organic matrix can consi st of |ow nolecul ar,

or gani ¢ conpounds, such as peryl enes4 pht hal ocyani nes, or derivatives
thereof as well as sem conducting pol ycyclic conpounds. 6

Mot her, |ikew se preferred sem conductor matrix can consist of

seni conduct i nGnelPEYstYdp Se theymalreatmens ghotensywitheneperay of treater thandl

ol i got hi ophenes, ol igophenyl enes, oligophenyl enevi nyl enes as well as
t he deri &#%) ¢¥dorthggangersion of the sqnigesdpetoms pan aljpdesised. conduct or matri x
can consist of electroactive polyners. Possible polyners and

copol yrmer st h&he eaerien g5idid l4yers e sesueqndvrsers sangakaqratienyines gashe

i nvention, such as solar cells, are, for exanple, polyphenylenes,

pol yphenyimosghdrqgd ivpies, pol yt hi ophenes, pol yanilines, pol ypynpl es,

pol yfl uorenes as well as derivatives thereof. The conductivity of the
organi ¢ seni c8hen eppdyingrtiie séndcanluctoelajearpfon the ghrdalyctibdpif ig. componentsn t he
solar cells, the organic sem conductor matrix can act as both an

el ect r on ac@idiig @kt idventibe,chd @tIRCORPOONS can be prddes: HHGOARN spYrsihs drhe
conponents according to the invention in the formof solar cells
conpr i sesudpeskonbak 510fieH) 64 Haid of & hirry@hsiBsuspdduibly, het er oj unction sol ar
cells" are defined as solar cells whose photoactive |ayer consists of

a t hr ee- di menghORaind@InikdsQhn Ao B BedhQR cHBRNSfdeh, an el ectron

acceptor. Li kew se,” the geonetry in the 'solar cells can
correspond t owfifighe Hbeeds ﬂ,;afé'p%aﬁméoalo@ﬁm%hk-sm{{éesﬂdﬁ;%f*%a'}ﬂa@sd' ent sol ar
cell"” conprises solar cell geonetries that have a gradient of the

solar cells actording to 'the invention can contain a

senicondg&%gg matri x or the inorganic sem conductor, which can act as
an intenne |é¥e | ayer. relative to the respective reactant as well
as to other t.al comounds,in.the.initial mxture. .Thig variation
Takes possi bl B HRCGLRTISILHAR FE AUr ur o firibarnd 2 thodg A A BES el |
as electronic properties. This al so nakes possible the targeted

i nt roductPBAU8F- 1 aws and doping materials into the sem conductor

materials to allqw a broader | ication. ,
]% a litke manner, '%e meta?ggmpouné canq)e an organometallic compound or an

or gani c Afeo & fo iQ@é?&iBn,%ﬁJHlfé&H Ot BB iR salt-like qrg%géﬁi‘é%%&taﬁtehe

organometallic complex.

The metal compound that 1s used can have both basic and acidic properties, which
makes the conversion into a semiconductor possible at low temperatures, or catalytically
influences this conversion.

The production according to the invention also comprises reactions in the
presence of an oxidizing or reducing agent.

A high current yield of the components according to the invention in the form of

solar cells is achieved in that the inorganic semiconductor materials are particles whose



Thé i nvention i s based on possible enbodi nents and figures as
expl ai ned below. 1. Production of copper indium

sul fi de-pol yphenyl enevi nyl ene sol ar cells: The structure of a
solar cell is outlined in Figure 1. A transparent indiumtinoxide

el ectrode (1 TO electrode) 2, followed by the photovoltaically active
conposite layer 3, is found in a glass substrate 1. Finally, netal

el ectrodes 4 (cal cium alum num or al um fun) are vapor-deposited on
the conposite layer as well as on the transparent el ectrode. The

bonding of the cell is carried out, on_the one hand, via the indium
tin el ect rod& g beesHks sras Sofmm, The Seept fiesepartiglesarsad dopsnds o
active | ayer. The conposite | ayer was produced by Cul, Ind 3 as

wel | as t hi diecepeniretiongatiosf te sugingsempepngyanddharolymesimatrizat i o of
Cu/ln/S =0.8/1/2). The solution was m xed with a sol ution of

pol y(p- xyl ene t eTheihgudrme bindpindndtennatisles plse edmprise nertopartiekeh aHise and
dripped onto an I TO substrate. A copper indium sulfide-PPV
nanoconposi tmendpayieles ¢a haveg dupasiituley, fremktien guchas,200.Gmp& idnizatien, which are
production of nanoparticles and al so the production of the conjugated
el ectroact i veedpmthgnieird gederadomrafelck solar calis, sse Mi AL Garep Phhitddienedasion
In(Pyridine) 8 HZN) LCH3 200C Cul nS2 In the x-ray

di f fract ogr @htanstiaicsi Speinged Vietlgg (2203)t he XRD properties of the
nanoconposite layers that are produced in this way are shown; the

broad peaks at 2Baseddn q@RehnbEzodfect Midihd GlobfnRtnatopatticles tHabere Yrddiced,
particle size of about 10 run.

the physical properties of the semiconductors can be different from macroscopic analogs.

The inorganic semiconductor material can also, however, be present in the form
of agglomerates of particles as well as from a network with or without noticeable grain
boundaries. Via the network, charge carriers can flow into the material, for example, in a
percolation mechanism.

The term “inorganic semiconductor particles” comprises sulfides, selenides,
tellurides, antimonides, phosphides, carbides, nitrides as well as elementary
semiconductors. The above-mentioned inorganic semiconductors are defined as all such
known semiconductors.

In solar cells, the inorganic semiconductor particles that are obtained can act as
both electron donors and electron acceptors.

It is advisable that the production of the inorganic semiconductor particles he
carried out in a semiconducting organic matrix.

This semiconducting organic matrix can consist of low-molecular, organic
compounds, such as pefylenes, phthalocyanines, or derivatives thereof as well as

semiconducting polycyclic compounds.



e . , , !
In Fig. 3, the TEMimges (transm ssion el ectron m croscope i nages)
of the photoactive |ayer are shown. The TEM i nages show al nost
spherical particles, which are enbedded in the polynmer matri x.
In Fig. 4, current/voltage characteristics are depicted, which show a
Voe (open term nal voltage) of 700 mV and an 'Sc (short-circuit
current) of 3.022 mA/cnR at an illungnation of 70 mMNcnR2. The filling
factor is 32% and a degree of efficiency of 1% was achieved. 9
Anal ogously to the conposite |ayers produced in Exanple 1, acetate
salts of the &bother hleewtisegmefchrel sempohdicive metrixsen comisaafdehicomkcting
enbodi ments and sol ar cells were made. Table 2 shows an overvi ew of
t he resuldigorhdratIndhie casbitfar axeoiple;iakie arclaligothiophSies oBgapheylehias, oacet am de
Thi oacet am de Thi oacet am de Cu Sour ce
oligophenylenevinylenes as well as the derivatives thereof.
In addition, the semiconductor matrix can consist of eleciroactive polymers.
Possible polymers and copolymers that can be used in the components according to the
invention, such as solar cells, are, for example, polyphenylenes, polyphenylenevinylenes,
polythiophenes, polyanilines, polypyrroles, polyfluorencs as well as derivatives thereof.
The conductivity of the organic semiconductor matrix can be intproved by
doping.
Tn the solar cells, the organic semiconductor matrix can act as both an electron
donor and an electron acceptor.
The geometry of the components according to the invention in the form of solar
cells comprises bulk heterojunction solar cells. “Bulk heterojunction solar cells” are
defined as solar cells whose photoactive layer consists of a three-dimensional network of
an electron donor and an electron acceptor.
Likewise, the geomelry in the solar cells can correspond to that of a gradient solar
cell. The term “gradient solar cell” comprises solar cell geometries that have a gradient
of the organic or the inorganic semiconductor material.
Likewise, the solar cells according to the invention can contain a layer of the
semiconductor matrix or the inorganic semiconductor, which can act as an intermediate
layer.

The stoichiometry of the inorganic semiconductor materials produced according

to the invention can be varied by variation of the ratio of the metal compound used




Cul

CuAc CuAc In Source InCl3 InCl3 | nA_c3 Cu/ln/S Ratio 0.8/1/6

0.8/1/6 0.8/1/6 VOC[V] 0.7 0.86 0.5

relative to the respective reactant as well as to other metal compounds in the initial
mixture. This variation makes possible the controlled setting of optical, structural as well
as electronic properties. This also makes possible the targeted introduction of flaws and
doping materials into the semiconductor materials to allow a broader application.

The invention is based on -possible embodiments and figures as explained below:

1. " Production of copper indium sulfide-polyphenylenevinylene solar cells:

The structure of a solar cell is outlined in Figure 1. A transparent indium-tin-
oxide electrode (ITO electrode) 2, followed by the photovoltaically active composite
layer 3, is found in a glass substrate 1. Finally, metal electrodes 4 (calcium/aluminum or
aluminum) are vapor-deposited on the composite fayer as well as on the transparent
electrode. The bonding of the cell is carried out, on the one hand, via the indium tin
electrode, and, on the other hand, via a metal electrode on the active layer.

The composite layer was produced by Cul, InCl; as well as thioacetamide being
dissolved in pyridine {(molar ratio of Cu/In/S = 0.8/1/2). The solution was mixed with a
solution of poly(p-xylene tetrahydrothiophenium chloride) in water/ethanol and dripped-
onto an ITO substrate. A copper indium sulfide-PPV nanocomposite layer is produced
by heating to 200°C. Both the production of nanoparticles and also the production of the

conjugated electroactive polymer is carried out in situ.
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In the x-ray diffractogram according to Fig. 2, the XRD properties of the
nanocomposite layers that are produced in this way are shown; the broad peaks at 29°,
44°, and 55° are characteristic of CulnS; with a particle size of about 10 nm.

In Fig. 3, the TEM images (transmission electron microscope images) of the
photoactive layer are shown. The TEM images show alnost spherical particles, which are
embedded in the polymer matrix.

In Fig. 4, current/voltage characteristics are depicted, which show a V. (open
terminal voltage) of 700 mV and an Isc (short-circuit current) of 3.022 mA/cm” at an
illumination of 70 mW/cm?, The filling factor is 32%, and a degree of efficiency of 1%

was achieved.
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made. Table 2 shows an overview of the results that are obtained.

Table 1:

1 2 3
S Source Thioacetamide Thioacetamide Thioacetamide
Cu Source Cul CuAc CuAc
In Seurce InCl; InCl; InAcs
Cu/In/S Ratio 0.8/1/6 0.8/1/6 0.8/1/6
VOC [V] 0.7 0.86 0.5
ISC [mA/cm?] 3 4.6 0.7
FF [%] 32 25 25
D [%] 1 0.7 0.1
Electrode Material Al Al Al

Copper indium disulfide can be produced either as p- or n-conductors. Therefore,

the Cu/In/S ratio plays a significant role in the solar cells. Relative to the copper indium

sulfide solar cells, several concentration ratios were examined: On the one hand, solar

cells were made using Cw/Ir/S in a 0.8/1/6 ratio and with significant In excess (Cu/In/S =

1/5/16) as a starting material, in combination with poly-para-phenylenevinylene. Table 3

shows the results that were obtained. The degree of efficiency significantly increases at

this ratio despite a low filling factor by increasing both the V. and the Isc.

Table 2:

1 2
S Source Thioacetamide Thioacetamide
Cu Source Cul Cul
In Source InCl; InCl;
Cu/In/S Ratio 0,8/1/6 1/5/16
VOC[V] 0.7 0.9
ISC [mA/em”] 3 5.7
FF [%] 32 26
D [%] 1 2
Electrode Material Al Al




IC13 Cu/In/S Ratio 0.8/1/6 1/5/16 VOC [V] 0.7 0.9 ISC [rnA/cn2] 3
5.7.FF [%4 32 26 13 [% 1
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Example 2: Zinc Sulfide Copper Indium Disulfide-Polyphenylenevinylene Solar
Cells

In the case of these solar cells, the active layers were produced by zinc acetate,
Cul, InCl; and thioacetamide as well as a poly(p-xylene tetrahydrothiophenjum chloride)
precursor having been dissolved or complexed in a solvent mixture that consists of
pyridine, water and ethanol and a layer having been produced from this solution. By
heéting, zinc sulfide copper indium sulfide mixed crysials in a PPV polymer matrix were
produced.

In the TEM images of this zinc sulfide/copper indium sulfide nanocomposite
layer, see Fig. 5, it can be seen that uniformly large particles with an approximate
diameter of 50-60 nm were produced. No larger particles could be found in the sample.
The x-ray diffractogram in Figure 6, which can be seen as an average over the entire
sample, also confirms that only nanometer-size particles were formed, since all peaks are
very broad. The current/voltage characteristic of such a solar cell is reproduced in Fig, 7
and shows both a high photoelectric voltage of 900 mV and a photoelectric curent of 8

mA/em?.

Example 3. As an alternative to the mentioned PPV precursor, other polymers,
such as P3HT (poly-3-hexylthiphene), MEH-PPV (poly[2-methoxy-5-(2ethyl-hexyl)-
1,4-phenylenevinylene]), MDMO-PPV (poly[2-methoxy-5-(3,7-dimethyloctyloxy)-1,4-
phenylenevinylene]) or else copolymers can be used. Example 3 shows CulnS,/MEH-
PPV solar cells. The active layers of these solar cells were produced from a solution of

Cul/InCly/thioacetamide (1/5/16) and MEH/PPV (4/1 CIS/MEH-PPV). Solar cells with



2 Electrode Material Al Al 10 Exanple 2: Zinc Sulfide Copper ‘I'ndilm
Di sul fi de- Pol yphenyl enevi nyl ene Sol ar Cells In the case of these
solar cells, the active |layers were produced by zinc acetate, Cul,

I NnC13 and thi oacetan de as well as a pol y(p-xyl ene

t et r ahydr ot hi opheni um chl ori de) precursor having been dissol ved or
conplexed in a solvent m xture that consists of pyridine, water and
et hanol and a | ayer having been produced fromthis solution. By .
heati ng, zinc sulfide copper i ndium sul fide mxed crystals in a PPV
pol ymer matrix were produce In the TEMinages of this zjinc
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phot oel ect r meraperfomndd, mfwicinthére v@uld be showhotlztpl e 3: As an alternative
to the nentioned PPV precursor, other polyners, such as P3HT

(pol y- 3- hexyl t hi phéneditiofdrtheRMmepn Cy] By, aetAn0 iy eknlertls Aishil - Ge ey Pb;

1, 4. phenyl enevi nyl eneD, NMDMO- PPV

(pol y[ 2- met hoxy- 5- (3, 3,-9d| sRtTecae ey bOXd;- 1, 4- phenyl enevi nyl ene] ) or
el se copol yners can be used. Exanple 3 shows Cul nS2/ MEHPPV sol ar

cell's. The activp Bay@s$hibdcelahRRCths BIRNwied EnpdBid cRh AYEEEkfr oM a
sol ution of CUI/InCI3/th|oacetan1de (1/5/16) and MEH PPV (4/1

Cl S/ MEH-PPV) . Sol agjc@hth® swiieh elerﬁénté\‘??hlﬁ’ﬁ’\(qtﬁ% vﬁic@lﬁ_&mﬁ%c\éﬁrm ymer

achi eved a short-circuit “current of cnR, an open term nal

vol tage of 0.93V, tlﬂ&ﬁleaaﬂml:rgnq{ydgéﬁﬁi ta@aﬂﬁ&% Blarfbe | Exﬁﬁ@éacdszr bss;

these sol ar cells was ition to e accurate

described experi E{ i%n ‘?&@:ﬁ gélyﬁfers%ugﬁ Bs ﬁ)&ﬂ)ﬂ’:ﬁ&ﬁ%g ﬁﬁ‘?ﬁﬁgﬁrl{"@% ald”

whi ch there cou
demonstrated that polythiophenes, adder polymers, polyanilines, and also low-

molecular organic compounds, such as perylenes, and phthalocyanines, are
suitable;

4) In addition to the metal salts, organometallic compounds such as acetates as

well as metal thiocarbamide compounds can also be used.

In summary, it can be said that according to this invention, semi-conducting
nanoparticles are produced directly on the active layer of the solar cell by thermal
decomposition in the presence of organic, electroactive polymers. In comparison to the
colloidal synthesis, this brings the advantage that the colloidal synthesis step and the
associated, very expensive working-up steps can be eliminated. As a result, a
significantly simpler and more economical production process is made available for

photovoltaic elements, such as solar cells and photodetectors.
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1) In addition to the elenents Cu, In, and Zn, the elenents Ag, Cd,

Ga, Al, Pb, Hg, S, Se, and Te can al so be used; 2) Besides

t hi oacetatnide, the follow ng S conpounds can al so be used:

el enentary sul fur, elementary sulfur with a vul cani zation

accel erator, thiourea, thiuram hydrosul fide, netal sulfides,

hydrogen sul fides, CS2, P2S5; 3) In @ddition to the polyners, such as
pol yphenyl ene or MEH- PPV, it was al so denonstrated that

pol yt hi ophenes, adder polyners, polyanilines, and al so | ow nol ecul ar
or gani ¢ ¢bnpoBn@sSunsBHamsN perGreanhes, Namnd.cphit B8039Ey2i nes, are
suitable; 4) In addition to the netal salts, organonetallic conpounds
such as #2let aedl. HoynipllJ. BetnmeetA|P. Alivisatos, Bamicd 20 dpf)2n2s can al so be
used. In summary, it can be said that according to this

i nventi of3] seW. 1k Hghtlc .inDitandp A Blickass, B BlipradHaath, Weh@etl y on the
active layer of the solar cell by thermal deconposition in the
presence of o(ANDitimes) Il TO@E)] SiRisarh a8l 4. (USH MBIFBADHUS)P t he

col | oidal synthesis, this brings the advant age that the col I'oi dal

synt hesi s st egpgand the associ ated, very expensive worki ng-up steps
can be elimnated. As a result, a significantly sinpler and nore

economi cady prodec g, R PERSA. psuﬂ;?s 5, 29 AP b - 5 tJ?Vs%ta' c
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2001, 30, 136. 15 Cains: 1. Proces<lis: t he production of an

i norgani ¢ sem conductor-particle-containing |layer, characterized in
that the inorganic sem conductor-particle-containing |layer is forned
insitu frommetal salts and/or netal conpounds and a salt-like or

or gani ¢ react ant], Wiobdsa i tiseitbdetichiciah iprgnganicondictor-partiele-dene as
according to claim1l, wherein an inorganic sem conductor-contai ni ng
phot oactive | ayer la§erf EHaPR izl 111B{aOﬂ@&ﬁ)r@ﬁﬁ@élﬂic&giubmr-phxabhmcﬂmtamu%
wherei n i norgani c sem conductor particles in an order of nagnitude of
0.5 mu to 500 urn ﬁgﬁ'ﬁ REgini shn BB hay e4lts add/oPhaee®mpanadsradi agalt-like
one of clains 1 to wherein the inorgani c sem conductor particles

are fonned in the |ay m@ﬁéa&iﬁﬁh‘ﬂﬁ& A BRicthdkiind @eapamant s t o
tenperatures of great er than 50C. 5. Process according to one of

claims 1 to 4, V!]efn%b&sfa&%ﬂ ﬁg&o%m SRS ARG shRicbhdbRs-caftfning

sul fides, selenides, or te des Process according to one of

clainms Ito 4, wher a%g$ela{3e9r1%ﬂhéﬁ sem conductor particles are
el enentary sem con tcro

3. Process according to claim 1 or 2, wherein inorganic semiconductor particles
in an order of magnitude of 0.5 nm to 500 nm are formed in the layer.

4. Process according to one of claims 1 to 3, wherein the inorganic
semiconductor particles are formed in the layer by heating the starting

components to temperatures of greater than 50°C.

5. Process according to one of claims 1 to 4, wherein the inorganic
semiconductor particles are sulfides, selenides, or tellurides.

6. Process according to one of claims ! to 4, wherein the inorganic
semiconductor particles are clementary semiconductors.

7. Process according to one of claims ! to 4, wherein the inorganic

semiconductor particles are carbides, phosphides, nitrides, antimonides or

arsenides,
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7. Process according to one of clains 1 to 4, wherein the inorgénic
sem conductor particles are carbi des, phosphides, nitrides,
antinoni des or arsenides. 16 8. Process according to one of clains |
to 4, wherein the inorganic sem conductor particles are oxides. 9..
Process according to one of clains | to 8 wherein at |east one

sem conducting polyner that is used is formed as a sem conducti ng
organic matri x. 10. Process according to claim9 , wherein the

sem conducting polynmer is selected fromthe group

pol yphenyl enevi nyl ene, pol yt hi ophene, polyaniline, polyfluorene,

pot yphenyl ened. PBuoicygsyecondies wonpef ¢laims | det.iwhatdn/ibs inomgsmsof . 11.
Conponent conprising at | east one inorganic

sem conduct or - pasmicegidectorpagtiadsraty dxideer that is produced according to
a process according to clains 1 to 10. 12. Conponent according to
claim 11, whereProctheacootippivant of daims d & Hrwieed gt Igsefesabicyndactngbr i d
solar cell. 13. Conponent according to claimii, wherein the active
el enent is a phetloshet dgtiotsed is formed as a semiconducting organic matrix.

10. Process according to claim 9, wherein the semiconducting polymer is
selected from the group polyphenylenevinylene, polythiophene, polyaniline,
polyfluorene, polyphenylene, polypyrrole as well as derivatives thereof.

I'1. Component comprising at least one inorganic semiconductor-particle-
containing layer that is produced according to a process according to claims 1
to 10.

12. Component according to claim 11, wherein the component is a solar cell,
preferably a hybrid solar cell.

13. Component according to claim 11, wherein the active element is a

photodetector,



