WO 2007/ 147182 PCT/ AT2007/ 000294 Process for the Production of an Inorganic
Sem conductor-Particle-Containing Later as well as Conponents Conpri sing
this Layer The invention relates to a process for the production of an

i norgani ¢ sem conductor-particle-containing | ayer as well as conponents
that conprise this layer. A conponent of the above-nentioned type is known
from WO Al- 00/ 33396, whi ch has inorgani c sem conductor particles in
colloidally dissolved form These conponents include, for exanple, solar
cells, which convert sunlight into electrical energy. In this case, the
ener s carried out by a solar cell s nsi sts of
a hyg¥i§¢§g@§?59§8%h hybrid sol ar Xells al so naneéﬁﬁ%ﬂ%ﬁzﬁgégﬁ?&P sol ar
cells, consist of inorganic senlconductors, such as, for exanple, CdSell 4],
Cds151, CdTel 61, zZn0l1'1, TiGg"'9J, CUInSZIIo 13] or CulnSez1141 or
fullerenes 115- ZCH and,an electroactlve ynmer. The production of the

i nor ganPoce Hiadugtionianlagraani¢ Semis @ﬁﬁ@ﬁwkme&wﬁuﬁiiwéuﬁarr|ed out
by using the nDst varled nethods The nost conmon methods are the col | oi dal
synt hesixgilw (33 B igett he sol vot hermal synthesis in the

aut ocl ave. These processes ar e relatlvely expensi ve, however, since the use
of a capper is necessary to prevent the undesirable aggloneration of the
nanoparticles that are used. The invention is intended to correct this.

Accor di ng t oThdigvEMERELRD 1 £ @Eé%g%%h@ﬁro&&%oﬁlgpé(@lng?g@mooned type is
i ndicated, which is characterlzed In that the i1norganic
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salts an i'norgani

A component of the above-mentioned type is known from WO-A1-00/33396,
which has inorganic semiconductor particles in colloidally dissolved form.

These components include, for example, solar cells, which convert sunlight into
electrical energy. In this case, the energy production is carried out by a solar cell system,
which consists of a hybrid layer. Such hybrid solar cells, also named nanocomposite
solar cells, consist of inorganic semiconductors, such as, for example, CdSe“"”, Cds{s],
CdTe[G], ZnOm, TiO,™ 9}, Culn$,!'* or CuInSf:z[141 or fullerenes 2% and an
electroactive polymer.

The production of the inorganic semiconductor particles for such solar cells can
be carried out by using the most varied methods. The most common methods are the
colloidal synthesis with use of a capper and the solvothermal synthesis in the autoclave.

These processes are relatively expensive, however, since the use of a capper is
necessary to prevent the undesirable agglomeration of the nanoparticles that are used.

The invention is intended to correct this.

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



reactant within a sem conducting organic matri x. O her advantageous

enbodi nents of the process according to the invention are disclosed
according to subclainms. The invention also relates to conponents conprising
the inorganic sem conductor-particle-containing |ayer produced according to
the invention. In an advantageous way, these conponents according to the
invention are solar cells, in parti@ular hybrid solar cells. The conponents
according to the invention, which conprise the inorganic

sem conduct or-particle-containing |ayer that is produced according to the

i nvent i datmddrg siggEomdaete] sshaindiionaid spmpewrds and f salt-Hgt erinerghiici s to be

produced as a conponent according to this invention, inorganic particles,
as st ar treautpnpwatinet smichindectingyorganichinatrixhe phot oacti ve | ayer of the sol ar
cell in situ in a sem conducting organic matrix, consisting of, for exanple,

| ow nol ecul arOth@lagedntfR6Ed shebdidh@fdbBEe piPEEEs GEIVEUEE td e RAIHHER &e and/ or
oligoners, are converted into sem conductors. In conparison to colloida

synt hesigscldstd &cBRtnd B8uBdyaRt age that the colloidal synthesis step and the
associ ated, very expensive working-up steps can be elimnated. As a result,

a significan . S en.a I ongm cal .production .process is nade
avai |l abl e. AH%%ﬁ%%HEQE%% |at&§8§%§‘gﬁgggﬁg?ﬁggggﬁV%%?FB lies in the fact
that a ca can be. elim.nated. Caﬁpers consi st _primarily of organic

er
sur f act AAPECONGUGIPArtiplsptaiping layenprodief efosdipe & thepssation dpadt or s i npede
the dissociation fromexcitons (electron-hole pairs) at the p/n boundary

| ayer addypitazeges vie thenapepepanenls sprording by the fnventiasdise sejpicbellhus r educe t he
degree of efficiency of the solar cells. By the construction of
nanoconpagichkr bghrat sobelckls. 3The components according to the invention, which comprise

the inorganic semiconductor-particle-containing layer that is produced according to the

invention, include additional photodetectors.

If a solar cell is to be produced as a component according to this invention,
inorganic particles, as starting products, directly within the photoactive layer of the solar
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 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.

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



wi thout an insulating capper, the conductivity of the active layers, in
particular the n- conductor, and thus the degree of efficiency can be
significantly inproved. For the production of layers for the conponents
according to the invention, the respective inorganic and organic starting
conpounds are applied as filmand then converted into sem conductors.

Anot her, |i kew se advant ageous production process for the conponents
according to the invention consists i that the sem conducting |l ayers are
produced by applying the organic and inorganic starting conmpounds wth
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carried out thernﬁl rgatne f. the sEaLtL? Cf ounds at tenperatures
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| ayers according to the invention, tenperatures significantly |less than
400C are used, Fsr the radugiier eftlayessior fetrcompenenipacspigimesiahe @xentios, hedesi r abl e
reactions of the starting conpounds or deconposition products. By the
product i omesptetphdnwgatic wel organt stariciy compoursly eresapatied ovfiltrearplidthat ur es, the use
of ITO (indiumtin oxide)-coated plastic substrates and thus the production
of fl exi blegnapleainté eéhisonduciessi ble. Wth targeted selection of the starting
conpounds, the conversion tenperature can also be |ess than 100C. The
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in the presence of an acid. The conversion the starting conpounds into
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of a base.
organic and inorganic starting compounds with simultaneous conversion into
semiconductors.

The conversion of the starting compounds into semiconductors within the organic
matrix is preferably carried out by thermal treatment of the starting compounds at
temperatures of between 50° and at most 400°C. To produce the photoactive
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.



4 Anal ogously to the thermal treatnent, photons wth an energy of greater
than 1 (one) eV for the conversion of the sem conductors can al so be used.
The conversion of the layers into sem conductors can take place in inert gas
at nosphere or in air. Wen applying the sem conductor |ayers for the
production of the conponents according to the invention, the starting
compounds can be present both as disflersions or suspensions, as sol ution,
as paste or as slurry (pasty suspension) The starting conpounds can al so be

present in c | exe h the cess for the r duction of inorganic
sem conduct o g?qsﬁw g@ﬂﬁ%ﬁﬁg’eﬁtﬂ’e PRojans i a F’E?ﬁg ﬁa}erég%bunds t hat
react with a salt-|I ke or organic¢ reactant are used. In the netal conpound
that is(QnseaYder the §?Iﬁ’ﬁfsi9¥d’féléﬁﬁﬁ’%%ﬁldu‘tt%‘is§a%éﬁo peusedsal t-1ike conpound. In a
| i ke manner, the metal conpound can be an organonetal | ic conmpound or an
organonetalITbe@mwpﬁémxfﬂhdaWEsaﬁo8mmpudndomhanHmsphsedlmanghﬂve bot h basic
and acidic properties, which nmakes the conversion into a sem conductor

possi bl atmadspheywot @er at ures, or catalytically influences this conversion
The production according to the invention also conprises reactions in the

presence of Fhe@bppliyFgle Ymil GAUSHIRYEY EHihe ﬁo&h@mn%@liﬂeecmnpxh&ﬂtsd of the
corrponents accordi ng to the inventioh in the form of solar cells is
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suspensions, as solution, as paste or as slurry (pasty suspension),

The starting compounds can also be present in complexed form.

With the process for the production of inorganic semiconductor ﬁarticles
according to the invention, metal compounds that react with a salt-like or organic reactant
are used.

In the metal compound that is used as a starting compound, this can be a salt-like
compound.

In a like manner, the metal compound can be an organometallic compound or an
organometallic complex.

The metal compound that is 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



5 grain size is between 0.5 m and 500 nm .The size of these particles
greatly depends on the concentration ratios of the starting conpounds and
the polynmer matri x. The inorganic sem conductor particles also conprise
nanoparticles. These nanoparticles can have, in particular, properties such
as, e.g., inpact ionization, which are wused in the third generation of the
solar cells, see M A Geen, Third CGeneration Photovoltaics, Springer

Verl ag (2003). Based on quantumsize effects in the inorganic nanoparticles
that are produced, the physical properties of the sem conductors can be

different from macroscopi c anal The i.norgani c sem conduct or terial
can al so, BHHRYETS bﬁ@"eﬁggée‘ml ap‘ﬁgi%’@nf Eﬁﬁ%? ogtgﬁﬁe&‘?gicé?sﬁeag@ %B?Dcdigg’fles as
well as froma network with or without notjceable grain boundaries. Via the
net wor k, clierqgecenieriprratiogahthe platingrosmpewls gad diei p&?xmerrdmat@&-arrpl e, ina
percol ati on nmechanism The term "inorgani c sem conductor particles”

conpri ses sul fi Tbsinosganeniecésndudted pamtidleiedso cantprisonamparticlshodpésedes,
carbides, nitrides as well as elenmentary sem conductors. The

above- nent in@igdrticNRlcaRRive, BEFHERNEUsbedtesanch 8 big eflp&s idlitatist obhick Bewn
sem conductors. In solar cells, the inorganic sem conductor particles that

ar e obt ai ng cﬁﬂ@?]egtﬁgggéneraﬂinfbf%eeswr@a@%%?A.a@féeﬁ,lﬁﬁﬁ&@éhe@&faﬁptorS- It is

advi sabl e that t duction of the 1 norganic sem conductor particles be

carried Ou&mhgvoE$&g$ﬁ@%%fﬁ%h%%GﬁggﬁniC matri x. This sem conducting organic

matri x can Consi organi ¢ compounds, such as peryl enes,

ht hal ocyani nes, or derivatives thereaof as well as .
P y Based on quantum-size etlli"ects in (t)he inorganic nanoparticles that are produced,

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 matenal, 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 be
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.



sem conducting pol ycyclic conmpounds. 6 Another, |ikew se preferred

sem conductor matri x can consi st of sem conducting oligoners. In this case,
for exanple, these are oligothiophenes, oligophenyl enes,

ol i gophenyl enevi nyl enes as well as the derivatives thereof. In addition, the
sem conductor matrix can consi st of electroactive polyners. Possible

pol ynmers and copol yners that can be aGsed in the conponents according to the
i nvention, such as solar cells, are, for exanple, polyphenylenes,
polyphenyleneV|nernes pal thlophenes pol yani |l i nes, polypyrroles,

pol yf | uor eneé\nafélew@kwva%p@éerrredé@mxﬁe@ Yok RN caprengigiaf semicpdugting t he
organi ¢ sem conductor matrix can be inproved by doping. In the solar cells,
t he or gahgwngreningbisdasst fr enanplexthessnradigotsothends, aigephegieren, donor and an
el ectron acceptor. The geonetry of the conponents according to the invention

i n the bligepheiylaiyleneedd welLanhe dabatitsltherbell eroj unction solar cells. "Bulk
het eroj unction solar cells” are defined as solar cells whose photoactive

| ayer consi stSadifitich, HalsERicBhaRTnemak cﬁ%ﬂ&ﬁt‘%f@fcotr@ébn%ﬁ sz’n@ﬁ donor and an
el ectron acceptor. Likew se, the geonetry in the solar cells can correspond
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sem conductor, which can act as an internedi ate |ayer

polythiophenes, polyanilines, polypyrroles, polyfluorenes as well as derivatives thereof.

The conductivity of the organic semiconductor matrix can be improved by
doping,

In 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 geometry 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




The stoichionmetry of the inorganic sem conductor materials produced
according to the invention can be varied by variation of the ratio of the
metal compound used 7 relative to the respective reactant as well as to

ot her netal compounds in the initial mxture. This variation nakes possible
the controlled setting of optical, structural as well as electronic
properties. This al so nakes possible th% targeted introduction of flaws and
doping materials into the sem conductor ‘materials to all ow a broader
application. The invention is based on possible enbodi nents and figures as
expl ai ned below, 1. Production_ of_ cppper Jndi . s

sul fide- polrgﬁ%‘éﬁ:ntglﬂéerfgmeﬁ Yeerﬁ%é%%%Iagwegéigﬁ)sqthefﬁlé&@tcf’ﬁl@?mdes I%Fhealmshg ar cell is
outlined in Figure 1. A transparent indiumtip- oxide electrode (ITO

el ect rode) r@;{ﬁlﬁmﬁﬁ%@ﬂﬁ@pﬁ@@%ﬁ%@dﬂ? %qnérah?({}se&&a Q(}é’l’%ﬁ’p%%’ﬂ“éal PafEr 3, is
found in a glass substrate 1. Finally, netal electrodes 4 (calciumalum num
or al um nanflesrenicpipoertige pbs aleemgkestiessible tiroiatgeted inyaduchen oiflawssndon t he
transparent el ectrode. The bonding of the cell is carried out, on the one
hand, vi a tdopingmditerimsinto the keaditomitietor antkrialsto blhew ebladetrmpplicationa a net al

el ectrode on the active layer. The conposite | ayer was produced by Cul,

InC13 as wel | aghtveatat 8mhed dpgokdble dinbsdinéad ahd fipirek di aldindl wlow:at i o of
Cu/In/S = 0.8/1/2). The solution was mxed with a solution of poly(p-xylene

Lot rahydr ot i ophers ymaRhor LAek: hBuipherdes el endiibaRer gt 0 an 170

substrate. A copper I1ndiums e- PPV nanoc osite [fayer 1Is produced by
heating to 200C.4Bot h _t he

producti on of tﬁ@es%%ﬂ?ﬁéggé gg%@bgggﬁg(?®39%%%;L%#§$§&%%F3#égm%2q in situ.
8 ol * Qé)’xgdgﬁeicgriocllqee()ﬁlo-z:le\c(:trode) 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 layer 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 Cuw/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.



InCl3 + 1n,(Pyridine)y a- 3 O hl H2NACH3 200 C CutnS2 c¢~ In the x-ray
.diffractogram according to Fig. 2, the XRD properties of the nanoconposite
| ayers that are produced in this way are shown; the broad peaks at 29, 44,
and 55 are characteristic of CulnS2 with a particle size of about 10 nu. In
Fig. 3, the TEMinmages (transm ssion electron m croscope inmages) of the

phot oacti ve | ayer are shown. The TEMSi nages show al nost spherical particles,
whi ch are enbedded in the polyner matrix. In Fig. 4, current/voltage
characteristics are depicted, which show a V (open termnal voltage) of 700
mv and an ' Sc (shoq ®circuit current) of aﬁQﬁgmﬁﬁ%an at ap illum nation of
70 MV cnR.Cuthe Til IS factor is 32% and a degree of efficiency of 1% was
achi eved. 9 Anal ogously t® thée conposite |ayers ptoduced in Exanple 1,
acetate salts of thg above-nentioned ele n%%ﬁ%gre used in additiona

enbodi rrent-ﬁcf?nd,FSOI cells were made. Tabi Yhows dn oVEFIvi ew of the
results that are obtdl ned. Table 2: 1 2 3 S Source Thi oacetam de

Thi oacet am de Thi oacet am de {ix

P‘EEN CH{;

00°C

CulnS,

In the x-ray diffractogram according to Fig. 2, the XRD propertics 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 ¢lectron microscope images) of the
photoactive layer are shown. The TEM images show almost 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 Igc (short-circuit current) of 3.022 mA/em” at an
illumination of 70 mW/cm?, The filling factor is 32%, and a degree of efficiency of 1%

was achieved.



Cu Source Cul CuAc CuAc In Source InCl3 InCl3 InAc3 Cu/ln/S Ratio 0.8/1/6
0.8/1/6 0.8/1/6 VOC[V] 0.7 0.86 0.5 ISC[m¥cm] 3 4.6 0.7 FF [ 32 .25

25 D[99 1 0.7 0.1 Electrode Material Al Al Al Copper indiumdisulfide can |
be produced either as p- or n-conductors. Therefore, the Cu/ln/Sratio
plays a significant role in the solar cells. Relative to the copper indium

several concentration ratios were exam ned: On the one
hand, solar <cells were nade using Cu/hrf/Sin a 0.8/1/6 ratio and with
significant In excess (Cu/ln/S = 1/5/16) as a starting material, in

conbi nati on wt

sul fide solar cells,

t hat were obtai
this ratio
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Table 2:

1 2 3
S Source Thioacetamide Thioacetamide Thiocacetamide
Cu Source Cul CuAc CuAc
In Source 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
1 [%] 1 0.7 0.1
Electrode Material Al Al Al

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

the Cw/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 Cu/In/S in a 0.8/1/6 ratio and with significant In excess (Cw/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 Igc.

Table 3:

1 2
S Source Thioacetamide Thioacetamide
Cu Source Cul Cul
In Source InCl; InCl;
Cu/Ii/S Ratio 0.8/1/6 1/5/16
VOC [V] 0.7 0.9
ISC [mA/cm’] 3 5.7
FF [%] 32 26
1 [%] i 2
Elecirode Material Al Al

& 1,3POUR shiRottRsul t's

cantly increases at

espite a | ow factor,. by Jjncreasi bot h t VQ _and t he
Tabl o dbvemttionsd g ners nAroRE PR R el ol eV B oL

In Source InCl3 InCl3 Cu/ln/S Ratio 0.8/1/6 1/5/16 VOC[V] 0.7 0.9
shows an overview of the results that are obtained.




FF [9%9 32 26 1J [9%49 1 2 Electrode Material Al Al 10 Exanple 2: Zinc
Sul fi de Copper |Indium Disulfide-Pol yphenyl enevinylene Solar Cells In the
case of these solar cells, the active |ayers were produced by zinc acetate,
Cul, InCl3 and thioacetam 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 mxture that Ibnsists of pyridine, water and ethanol
and a | ayer having been produced fromthis solution. By heating, zinc
sul fide copper i ndium sul fide mxed crystals in a PPV polynmer matrix were
produced. | nEx#erlvEM4incatjdEdoEornsy @dﬂfﬁpl%‘iﬁ¢ei']ﬂémpﬂéﬁewmdﬁnﬁrﬁowl fide
nanoconposite |ayer, see Fig. 5, it can be seen that uniformy |arge
particl ésllsi th an approxi mate dianeter of 50-60 nm were produced. No |arger
particles could be found in the sanple. The x-ray diffractogramin Figure

6, whi ch canlibéesegnfdssasmlavkelgge wvies laybe wend proGuced BYPAR, acéthigo confirms
that only nanoneter-size particles were forned, since all peaks are very

broad. The 180K 80HiyRELASER &RaNEE L] Jxlﬁéte&ﬁm SthRph&finbhloriis reproduced
in Fig. 7 ané shows both a high p%@?@%lggtrlc voftagg oluQOOORV%and a

phot .Oel %%Hg@' ek stscﬁv cSHiﬁlexéfﬂl@éoﬁeﬁhm&?mgglﬁ?%&%%a& ve to the

ment i on precursor, ners
(1p2| %h g Hglﬁcﬁﬁ!%wah |a8ﬁ 8ih}ano I\gggpl\é}g%%g‘lu}llé %ee%el}rggucgd ?roglzthf}stsgl‘\{lltibrrl] eé%' )-
(pol y[ 2- nethox - §3 7-di met hyl oct yl oxy 3
heating, Zlnc sultide copper indiuin sulfide mixe crystals 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 current of 8

mA/cm?.

Example 3: As an alternative to the mentioned PPV precursor, other polymers,
such as P3HT (poly-3-hexylthiphene), MEH-PPV (poly[2-methoxy-5-(2’ethyl-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



phenyl enevi nyl ene]) or el se copol yners can be used. Exanple 3 shows

Cul nS2/ MEH- PPV sol ar cells. The active |ayers of these solar cells were
produced froma solution of Cul/InCl13/thioacetanide (1/5/16) and MEH PPV
(4/1 AS/MEHPPV). Solar cells with 11 MEH PPV as el ectroactive pol yner
achieved a short-circuit current of 4 mdcnR, an open term nal voltage of
0.93 V, and an FF of 25% The degree of efficiency of these solar cells was
1.3% In addition to these accurately dbscri bed experinments, a nunber of
other studies were perfornmed, in which there could be shown that 1) In

addition t n I . t Al , Pb,

Hg, S, Se, anlgﬁ)fg} %Sgeﬁecgrﬁg%ﬂﬁg O@g?%@g&sgﬁé@@ﬂ?%ﬁ% anfl1 %‘,/Cﬁgn fol |l owi ng
S conpounds can al so be used:. _ele r | fur, ele ary sul.fur with a
vul cani zat i°8BFf ?EE@P%YOE%‘? ?feéj-?%ivoﬁﬂ‘gag‘,q‘tﬁta%‘iy %?%/Jani h%%ﬁ&Fe&sogﬁﬁfwd@éYﬁgf}%&Fe sul fi des,
hydr ogen sul fides, CS2, P2S5; 3) In addition to the polyners, such as

pol yphenyl spler gllsverl B/, it was al so denonstrated that pol yt hi ophenes,
adder pol yners, polyanilines, and also | ow nol ecul ar organi ¢ compounds,
such as peryl enésaddatmn tohhdse bomyzely desribed expedmientals mumbey of atharigtiidieon to t he
nmetal salts, organonetal lic conmpounds such as acetates as well as netal

t hi ocar banivitg: sfopnudds whith thérs @olle basieoyn that summary, it can be said that
according to this invention, sem-conducting nanoparticles are produced

directly on thejachiMgitibRYEthe eferdchR GOIR L& 2h! thO¥lekRk M8, Cddes0anPs) tion in
the presence of organic, electroactive polyners. In conparison to the
Hg, S, Se, and Te can also be used;

2) Besides thioacetamide, the following S compounds can also be used:
elementary sulfur, elementary sulfur with a vulcanization accelerator,
thiourea, thiuram, hydrosulﬁdé, metal sulfides, hydrogen sulfides, CS,, P,Ss;

3) In addition to the polymers, such as polyphenylene or MEH-PPV, it was also
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.



col l oi dal synthesis, this brings the advantage that the colloidal synthesis
. step and the associated, very expensive working-up steps can be elim nated.
As a result, a S|gn|f|cantly si npl er and nore econom cal production process
is made avail able for photovoltaic elenents, such as solar cells and
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Clains: 1. Process for the production of an inorganic

sem conduct or-particle-containing |ayer, characterized in that the inorganic
sem conductor-particle-containing layer is forned in situ fromnetal salts
and/ or metal conpounds and a salt-like or organic reactant within a

sem conducting organic matrix. 2. Process according to claim1, wherein an

i norgani ¢ sem conductor-containing photoactive layer is fornmed. 3. Process
according to claim| or 2, wherein inorffani ¢ semi conductor particles in an
order of magnitude of 0.5 nmto 500 nmare fornmed in the layer. 4. Process
according to one of clains 1 to 3, wherein the inorganic sem conductor
particles are fornmed in the | ayer by ﬁ%ﬁmﬁng the starting conponents to
tenperatures of greater than 50C. 5. Process according to one of clains 1 to
3, wherein the inorganic sem conductor particles are fornmed in the |ayer by
irradiating the starting conponents with energies of greater than 1 eV. 6.
Process accordi ng Rroces éralie groaudti®n df 40indrganieaemicondingortpaotienomtaining

sem conductor particles are sulfides, selenides, or tellurides. 7. Process

according to one Qgfyg| @fafaetehz&cpmﬁhat\meihsllgamt: @&nicﬂﬁﬁlﬁﬁﬁup%rtl&@éﬂrﬁﬁﬂﬂgm or
particles are elenentary sem conductors. 8. Process according to one of

claims 1105, whogel i fiifd AUAMEmeAPIIRARTNCLON ORISR SIORLD! deos.

phosphi des, n|tr| nDnl ar sen

or organic reactant within a semiconducting organic matrix.

2. Process according to claim 1, wherein an inorganic semiconductor-containing
photoactive layer is formed.

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 3, wherein the inorganic
semiconductor particles are formed in the layer by irradiating the starting
components with energies of greater than 1 eV.

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

7. Process according to one of claims 1 to 5, wherein the inorganic
semiconductor particles are elementary semiconductors.

8. Process according to one of claims 1 to 5, whercin the inorganic
semiconductor particles are carbides, phosphides, nitrides, antimonides or

arsenides.



9. Process according to one of clains 1 to 5, wherein the inorganic

sem conductor particles are oxides. 10. Process according to one of clains 1
to 9, wherein at | east one sem conducting polyner that is used is fornmed as
a sem conducting organic matrix. 11. Process according to claim 10, wherein
the sem conducting polynmer is selected fromthe group

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

pol yphenyl ene, polypyrrole as well af derivatives thereof. 12. Process
according to one of claims I to 9, wherein | ow nol ecul ar organic conpounds

are used as 9 Zgniconduc in or% Qic mat rj x 13.hProcess according to claim
12, wherei n the 'PYRE HFPEUH 106 g AT H‘?r#pﬁ’&?ﬁ‘ﬁgl the ;NOT@ Y% ct ed from the group
of pht hal ocyani nes as well as perylenes. 14. Conponent conprising at | east
one inorgani ¢ SEMPAMIRTISFIGkSAS efides. cont ai ni ng | ayer that is produced
according to a process according to clains 1 to 13. 15. Conponent according
to clai m 14, 10 Rrpesnacchalingivponehtlains latodh Waeregedtllgast prestmicablyctiaghybri d
solar cell. 16. Conponent according to claim 14, wherein the active el enent
is a photodet g@lwfer that is used is formed as a semiconducting organic matrix.
11. Process according to claim 10, wherein the semiconducting polymer is
selected from the group polyphenylenevinylene, polythiophene, polyaniline,
polyfluorene, polyphenylene, polypyrrole as well as derivatives thereof.
12. Process according to one of claims 1 to 9, wherein low-molecular organic
compounds are used as a semiconducting organic matrix.
13. Process according to claim 12, wherein the low-molecular organic compounds
are selected from the group of phthalocyanines as well as perylenes.
14. Component comprising at least one inorganic semiconductor-particle-
containing layer that is produced according to a process according to claims 1
to 13.
15. Component according to claim 14, wherein the component is a solar cell,
preferably a hybrid solar cell.

16. Component according to claim 14, wherein the active element is a

photodetector.





