WO 2007/ 147184 PCT/ AT2007/ 000296 Process for the Production of Photoactive
Layers as well as Conponents that Conprise .this (these) Layer(s) The
invention relates to a process for the production of photoactive |ayers as
wel | as conponents that conprise this (these) layer(s). Sem conductive
metal sulfides, selenides and tellurides, in particular CulnS2, CulnSe2i
CdSe, ZnS, and ZnSe, are inportant materials for the formation of

phot oactive I|ayers, which are useful, i. a., for photovoltaic applications.
Thus, sem conductive netal sulfides are used in the formof thin |ayers for
i nor gani c Y& #7718 so-called ETA (Extrenme Thin ARSHAdRPOTR0286° A

conbi nation of layers that consists of sem conductive netal sulfides with a
conj ugat ed sem conductive polyner or another |ayer that consists of

el ectroactive, organic nolecules results in a two-|ayer design, which is

al so sui t drbees§ forr thethredyetion oEPhadectte piyeinactdlva @ingioaaits thaFQbmphe
production of such sem conductive | ayers, known processes such as reactive

or non-r eagkihescy Paydr®) i Ng (cat hode evaporation), separation by glow

di scharge, conventional thermal evaporation, chem cal and el ectrochem cal
separation, spraying process (spraying pyrolysis), the sulfurization of
metal filns [1-5], and expensive processes for the production of epitaxial

| ayers are availabl e. .For.nost of these,processes -, except for the
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Semiconductive metal sulfides, selenides and tellurides, in particular CulnS;,
CulnSe,, CdSe, ZnS, and ZnSe, are important materials for the formation of photoactive
layers, which are useful, i.a., for photovoltaic applications. Thus, semiconductive metal
sulfides are used in the form of thin layers for inorganic solar cells, so-called ETA
(Extreme Thin Absorber) cells. A combination of layers that consists of semiconductive
metal sulfides with a conjugated semiconductive polymer or another layer that consists of
electroactive, organic molecules results in a two-layer design, which is also suitable for
the production of photoactive elements.

For the production of such semiconductive layers, known processes such as
reactive or non-reactive sputtering (cathode evaporation), separation by glow discharge,
conventional thermeﬂ evaporation, chemical and electrochemical separation, spraying

[1-5]

process (spraying pyrolysis), the sulfurization of metal films *™, and expensive

processes for the production of epitaxial layers are available.
For most of these processes — except for the electrochemical application 1651

relatively high temperatures, i.e., temperatures above 300°C, are necessary for the

production of the photoactive layers. A production of these semiconductor layers is



2 carried out by thermal deconposition of a reactant in the presence of the
corresponding netal ions. Simlar reaction mxtures are used in
spray-pyrolysis [10-29] Castro, Bailey et al. [303 describe a process for
the production of a copper indium sulfide conplex at | ow tenperatures.
However, according to this process, relatively expensive starting conpounds
are used. A simlar process based on tRe spray chem cal vapor deposition
under atnospheric conditions is also described by Harris et al.[311 To
deconpose the starting conpounds that are used, tenperatures of 200-300C
are used. cetied ept by therpad deqomposifion Rt repetartds thefmyesendreoftheodursspandingf

sem conducti ve copper indiumsulfide. [321 The latter produce Cul nS2 and
Agl nS2 i n ndtd idrer Hiroflargeaviion mixtotes we usedhinapogyrdigatis E6Tlsi st of a
stoichionetric m xture of | n(S2CNEt2)3 and Cu( S2CNEt 2) 2 or Ag( S2CNEt 2)

accor di ng to t idastps, iBatiepéiel Bf! deszh‘b@iagﬂiceﬁf&tth@ﬁfoﬂuct%&ff@%@éﬂ@n&hh0ketOneS
that accunul ate as by-products wth ethyl enediam ne at 195C have to be
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therefore to provide a process for the production o otoact | | ayers

that is e r n t can be perforned, on the one hand, at |ow
t enper at u%gée,ntsglggﬁgh%Cglgl,%og%&sgﬁeeusg ‘her hand, under direct use of netal

ivent | on, a. proBRLE BposhBRabay B SHENhORed Y PeeDs ropEEEd, whi ch | S
characterized in that a non-sem conductive | aygar is formed from precursor
materi al ©HBESPRYIRHONdEENS alsedstcrigpdbyHenis et alipodadesmepash thestirting
compounds that are used, temperatures of 200-300°C are used.
Cui et al. describe another process for the production of semiconductive copper
indium sulfide.*” The latter produce CulnS; and AglnS; in the form of semiconductive
nanorods that consist of a stoichiometric mixture of In(S;CNEt); and Cu(S;CNEt,); or
Ag(S>CNEt,) according to the principle of colloidal synthesis, whereby the thioketones
that accumulate as by-products with ethylenediamine at 195°C have to be removed in a
solvothermal process.
The object of this invention is therefore to provide a process for the production of
photoactive layers that is easy to perform and that can be performed, on the one hand, at
low temperatures, as well as, on the other hand, under direct use of metal compounds and
reactants that are easy to synthesize. According to the invention, a process of the above-
mentioned type is proposed, which is characterized in that a non-semiconductive layer is
formed from precursor material that comprises at least one metal compound and one salt-

like and/or organic reactant on a substrate by pressing or knife-coating, and said non-

semiconductive layer is exposed to temperatures of less than 300°C, whereby a



| i ke and/ or organic reactant on a substrate by pressing or knife-coating,
and sai d non- sem conductive |ayer is exposed to tenperatures of |ess than
300C, whereby a 3 sem conductive photoactive layer is forned fromthe
non- sem conductive |ayer by thermal conversion of the precursor material.
Precursor material is defined according to this invention as a

non-sem conductive material that cons?sts of a metal conpound, such as
netal salts and/or netal conplexes, and a salt-like or organic conpound

that in a conversjon step.rel eases an additional _conponent that is
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of the process according to the invention are disclosed according to

subcl ai nsthemhd cprvessien offhebrreurser materdali o conponents such as solar cells or
phot odet ectors that conprise the |layers that are produced according to the
i nventi on. ThePreasdn matedia npdafmtd aeoniing thehid Goentmsista mon-emdwhiwnive an

advant ageously lie significantly bel ow 300C, especially when the reaction
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conpounds are used. Advantageously, the conversion takes place in the
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conpl exi ng agents for the netal 1ons that are use Lew s bases also play a

decisive r i e_de Ltion r ron of the reactant, for exanple in
t he produ8$+§ﬁwgyﬁgﬁ% %%%%ﬁﬁ%%%ﬂﬁf?ﬁﬁgﬁ%%g%%(ghide as a sul fur source. By

the provision,qf..a free electro ir of the Lews base, possible
COnv eP sion re aégfhgﬁgal Afyantageous em%oglarlnents of the process accord?ng to ﬂ?e i?lventfon

are disclosed according to subclaims.

The invention also relates to components such as solar cells or photodetectors that
comprise the layers that are produced according to the invention.

The reaction temperature of the decomposition reaction can advantageously lie
significantly below 300°C, especially when the reaction is catalyzed by an acid or base,
and/or acidic or alkaline starting compounds are used.

Advantageously, the conversion takes place in the presence of a Lewis base, for
example pyridine. Lewis bases act as complexing agents for the metal ions that are used.
Lewis bases also play a decisive role in the decomposition reaction of the reactant, for
example in the production of chalcogenides with thioacetamide as a sulfur source. By the
provision of a free electron pair of the Lewis base, possible conversion reactions are
accelerated.

Examples of Lewis bases are F*, OH, 02’, H,O, NH; and its derivatives, Br, N3,
NO., T, Sz, and SCN". Lewis bases that are used according to the invention are primarily

nitrogen-containing organic bases, such as pyridine and/or derivatives of pyridine,



accel erated. Exanples of Lewis bases are F, OH, 02 H2O, NH3 and its
derivatives, Br, N3, NO2-, F, S2, and SCN. Lewi s bases that are used
according to the invention are primarily nitrogen-containing organic bases,
such as pyridine and/or derivatives of pyridine, 4 wvarious primry,
secondary and/or tertiary am nes, nitrogen-containing heterocyclic
conpounds, deprotonated am no acids and/or bases with a pyri m di ne skel eton.
By these especially | ow production tenferatures, it is possible to produce
sem conductor |ayers both on inorganic substrates, such as netals, or glass,
but also on. polyner filns. The |atter represents a quite specjal advantage
rel ative P%“Tﬁ@“ aFééﬁVmgiﬂﬁﬂﬁ%bFHHﬁ%?PHﬁgﬁgﬁﬁﬁﬂ§@ﬁﬂﬁ¥&Qﬁﬁﬁ%@W3conditions
can be selected so that the sem _conductors are present in the layer in
nanocr yst &PPPernds.cleriogmated aminprads andiog kaseywith gipyrimidine skelgten. st ar t i ng
substances can be present both in solution and as slurry (suspension), as
di spersi on, or Bashgsasspecially tdw predugtion cesmraiaes s pgssitde tomoduveent i on, net al
conpounds are used as seniconductor particles, which can react with a

sal t - i ke sanicofidi@tir tayesaotiast inorbagic RElsthtes, GOFOANAES]S, orMMsE but 8ls4 af €) used as
(a) starting compound(s), can also be a salt-like conpound. In a like

manner, t helyRt flmd OIRANMAY r&REseRE a30itO5BRRACIRLALLL £14QRPUBIOdyan
organonetal I'i c conpl ex. The netal conpound(s) used can have bot% basi ¢ and
acidic pr REAL in%‘?iuctmi n%}hods. The reaction conditions can be selected so that the

semiconductors are present in the layer in nanocrystalline form or as nanoparticles.

The mixture of the starting substances can be present both in solution and as
slurry (suspension), as dispersion, or as paste.

With the process according to the invention, metal compounds are used as
semiconductor particles, which can react with a salt-like or organic reactant.

The metal compound(s), which is (are) used as (a) starting compound(s), can also
be a salt-like compound.

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

The metal compound(s) used can have both basic and acidic properties, which
makes possible the conversion at lower temperatures or catalytically influences the
conversion.

A high current yield of the components in the form of solar cells is thus achieved,
in that the inorganic materials are particles whose grain size is preferably between 0.5 nm
and 500 nm.

In solar cells, the semiconductive layers according to the invention can act as both

electron donors and electron acceptors.



makes possible the conversion at |ower tenperatures or catalytically

i nfl uences the conversion. A high current yield of the conponents in the
formof solar cells is thus achieved, in that the inorganic nmaterials are
particles whose grain size is preferably between 0.5 ran and 500 nm In
solar cells, the sem conductive | ayers according to the invention can act as
both electron donors and el ectron accéptors. 5 Wen using certain starting
conpounds, the conversion tenperature in a sem conductor can also be |ess

t han 100C. The conversion of the starting conpounds in the sem conductor can
be carried out When vsies ¢rriadesiting sorappungds, the cpRecrsion(cssTasiredt 2t he starting
conpounds in the sem conductor can be carried out in a |likew se

advant ageosssigmyluitor ¢ahalsprbedendandfl0Z.base. The reaction tenperature can be
adjusted by thermal treatnent but also by photons with energy of greater

than 1 (one) eVihdRn{dsioR bPHR SErRECRIPoiestif HeRBmiddHARTIRAn bE IMANGAL s t hat
consist of a substrate and a photoactive |ayer applied thereon can

Edvantageoyﬁhymgﬁmﬁég coelh The application is carried out by printing by
nown printing nmethods, such as flexographic printing or intaglio printing,
or by knife- Coa'h:ilenc%n%ebr(saloﬁ %mh%%%%'ijn%tc%%lpg%cg i1t1 % se%yc%%ttlurc%r%an be carried out
in a likewise advantageous way in the presence of a base.
The reaction temperature can be adjusted by thermal treatment but also by
photons with energy of greater than 1 (one) eV.
By the process according to the invention, components that consist of a substrate
and a photoactive layer applied thereon can advantageously be produced.
The application is carried out by printing by known printing methods, such as
flexographic printing or intaglio printing, or by knife-coating the semiconductor onto the
substrate.

The invention is explained in more detail below based on the embodiments as

well as the figures.

Example 1: Process for the Production of Semiconductive Copper Indium Sulfide
Layers

‘The production of copper indium sulfide layers is carried out by reaction of
thioacetamide as a sulfur-containing reactant in the presence of a copper and indium salt,
whereby thioacetamide is decomposed. In this production process, by way of example,
InCl; and Cul are complexed in pyridine. Thiourea is dissolved in this solution. This

reaction solution is dripped onto a suitable substrate, such as indium tin oxide on glass,



The invention is explained in nore detail bel ow based on the enbodi nents as
well as the figures. Exanple 1: Process for the Production of Sem conductive
Copper Indium Sul fide Layers The production of copper indiumsulfide |ayers
is carried out by reaction of thioacetam de as a sulfur-containing reactant
in the presence of a copper and indiumsalt, whereby thioacetamde is
deconposed. In this production proces®$, by way of exanple, [1nCl3 and Cul
are conplexed in pyridine. Thiourea is dissolved in this solution. This
reaction solution is dripped onto a suitable substrate, such as indiumtin
oxi de on i cagC Blymer o5 g &lecE04sEV S pganie polymes |aad ishsatet ity B0 Egaderc pol ymer
and is heated to 200C under inert gas atnosphere (e.g., nitrogen, argon,
hel i um) . ifterf Pasratdospbyrete.g), nitogen, hrgopPydiuch)ne)y + 3 CF 1nCl3 + | S H2NNH2
200 C QulnS2 + M et. al. The layers that are obtained are exam ned by
means of x-ray structural analysis '
(5 Cu(Pyridine)y .
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N
Je
HaM Nﬁg.
200:°C
Y

CulnS;  + Hgﬁ/m%& st. al,

The layers that are obtained are examined by means of x-ray structural analysis
(XRD). In this case, Fig. 1 shows the x-ray diffractogram of such a sample. The peaks at
27°,45°, and 55°, which can be associated with CulnS,, have a significant widening by

their nanocrystalline nature.

Example 2: Production of an Inorganic/Organic Hybrid Solar Cell:

The primary design of this hybrid solar cell is depicted in Figure 2. As a carrier 1,
a glass substrate or a transparent polymer film is used. |

For the production of solar cells, a portion of the ITO layer (indium/tin oxide
layer) 2 is removed by chemical or physical etching.

To offset the roughness of the layer, a polyethylene dioxythiophene
(PEDOT:PSS) layer 3 can optionally be applied. This step can be omitted, however. In
the next step, a layer 4 that coﬁsists of an organic electroactive polymer or a low-

molecular organic electroactive substance is applied. Polymer solutions are preferably



(XRD). In this case, Fig. | shows the x-ray diffractogram of such a sanple.
The peaks at 27, 45, and 55, which can be associated with Cul nS2, have a
significant widening by their nanocrystalline nature. Exanple 2: Production
of an Inorganic/Oganic Hybrid Solar Cell: The primary design of this hybrid
solar cell is depicted in Figure 2. As a carrier 1, a glass substrate or a
transparent polymer filmis used. For %t he production of solar cells, a
portion of the ITO layer (indiunfitin oxide layer) 2 is renoved by chem cal
or physical etching. To offset the roughness of the |ayer, a polyethylene

di oxyt hi opirtipdiroPEETsiESI)r hompaena®s selntians biy opiatdoyting: dapplatiag knifki s st ep can
be omtted, however. In the next step, a layer 4 that consists of an

or gani ¢ edcatihg, passsing er gpohyinger Lov-noldcoler sutblaacad|cai ales gampticélbect r oact i ve
substance is applied. Polynmer solutions are preferably 7 applied from
suspensi opap@atifiodREenous sol utions by spin-coating, dip-coating, knife-
coating, pressing or spraying. Low nolecular substances can al so be applied
by evaporatio i C. i.ng:t;0 Exanple 1
(ayer 5y i s MSSREg 1o il a0 BSyBng HaGE Ao b it P
gold, silyer, or a conbination of calciungold, calciumalumnum

magnesi u &H%Fare then applied on this |ayer by evaporation coating or

sputtering.
P g The electrodes 6, e.g., aluminum, gold, silver, or a combination of calcium/gold,

calcium/aluminum, magnesium/gold are then applied on this layer by evaporation coating
or sputtering,

In Fig. 3, the current/voltage characteristics of the hybrid solar cell are shown
according to Fig. 2.

The latter show a V; (open terminal voltage) of 625 mV and an Igc (short-circuit
current) of 5.855 mA/cm? at an illumination of 60 mW/cm®. The filling factor is 29%,

and a degree of efficiency of 1.7% was achieved.

Example 3: Process for the Production of Semiconductive Zinc Sulfide Layers

The production of zinc sulfide layers is carried out by decomposing thioacetamide
in the presence of zinc acetate. The decomposition was performed in this case at 150°C.
The x-ray diffractogram in Fig. 4 shows the formed nanocrystalline ZnS phase. Asa
crystallographic phase, sphalerite could be identified. The width of the reflexes confirms
the presence of primary crystallites in the nanometer range.

As an application for such a layer, a bilayer heterojunction solar cell was

produced, whose degree of efficiency was characterized by means of a U/] characteristic



In Fig. 3, the current/voltage characteristics of the hybrid solar cell are
shown according to Fig. 2. The latter show a VO (open term nal voltage) of
625 nV and an Isc (short-circuit current) of 5.855 mA/cnR at an
illumnation of 60 mMNVcn2. The filling factor is 29% and a degree of
efficiency of 1. 7% was achi eved. Exanple 3: Process for the Production of
Sem conductive Zinc Sulfide Layers Tige production of zinc sulfide |ayers is
carried out by deconposing thioacetanide in the presence of zinc acetate.
The deconposition was perforned in this case at 150C. The x-ray

di ffract gﬁ:eaﬁgi 1. Fihgsolar eehidhas wak pradocqddd thiamey slystsadnl dspreiaddlySighhase. As a
crystal | ographi c phase, sphalerite could be identified. The wdth of the
refl exes gonfelat® volthg: @ioRdetice of primary crystallites in the nanoneter
range. As an application for such a |layer, a bilayer heterojunction solar
cell was produced, whose degree of efficiency was characterized by neans of
a Ul characteristic 8 (see Fig. 5). The solar cell that was produced in

this way ShOV\EE’é‘E’gﬁ’S‘Q 'Ogésgyor%?ﬁgd‘%%gggg%65'520%@tage of 920 nV. Exanple
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heat ed under i nert gas atnosphere for 30 mnutes at 200C, whereby the
conver si oR& PEthiqagetpinids agi gisyofved irpymaine ndyappliedtp g glass syhsiatea THisA#YeRCt ogr am
of the nanocrystalline

is heated under inert gas atmosphere for 30 minutes at 200°C, whereby the conversion is

carried out in a CuGaS; layer. Fig. 6 shows a diffractogram of the nanocrystalline

semiconductor layer that is formed, whereby the peaks that are characteristic of the

CuGa$, lie at 29°, 48°, 49°, and 57°. The sharp peaks at 24°, 25.5°, 27.5°, 42°, 46.5° and

50° originate from small amounts of the educt Cul, which was not completely reacted.

By an increase of the gallium components, these educt peaks can be eliminated.

Example 5; Process for the Production of a Copper Iron Sulfide Layer

Analogously to Example 4, a copper iron sulfide layer was produced. To this end,
31.5 mg of Cul, 71.4 mg of FeCl;.6H,O and 79.3 mg of thioacetamide, dissolved in
pyridine, were used. In the XRD analysis of the formed material, the peaks that were
characteristic of copper iron sulfides were found at 29°, 34°, 53.5° and 57.5°. The width

of the peaks in turn indicates the formation of nanocrystalline copper iron sulfide.

Example 6: Process for the Production of a Silver Gallium Sulfide Layer
Here, it is shown that it is also possible in the ternary sulfides to exchange the

copper atoms by other divalent atoms. In this test, 28.1 mg of AgNOs, 37.8 mg of GaCl;



sem conductor |ayer that is formed, whereby the peaks that are
characteristic of the CuGS2 lie at 29, 48, 49, and 57. The sharp peaks at
24, 25.5, 27.5, 42, 46.5 and 50 originate fromsnall anmunts of the educt
Cul, which was not conpletely reacted. By an increase of the gallium
conponents, these educt peaks can be elimnated. Exanple 5: Process for the
Production of a Copper Iron Sulfide Layer Analogously to Exanple 4, a
copper iron sulfide | ayer was produced. To this end, 31.5 ng of Cul, 71.4 ny
of FeCl13.6H20 and 79.3 ny of thioacetam de, dissolved in pyridine, were
used. | n aideb4XRDe ahthigstaswat diskavédinpeddinmataadiaailyertdaBiupeakidd lagsr waer e
characteristic of copper iron sulfides were found at 29, 34, 53.5 and 57.5.
The wi dt hproddcel heal@makly tb Bxirpls 4i Mik aEheGodrha depicriatih By, oboMaaRekyst al I i ne
copper iron sulfide. Exanple 6: Process for the Production of a Silver
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ternary sulfides to exchange th e copper atons ot her valent atonms. In

wer & é?ii%aa%%ﬁ%ﬁi%ﬁah AR i 272 1O g, B TihteeadyaR il ot oduced

analogously to Exanple 4. The dlffractogran1dep|cted in Fig. 7 confirnms the
f or mat i onthef refipaessiyingdetwees364)° lagdd7.8481 | i um sul fi de phase Ag9GaS6, which
shows the characteristic peaks at 19.1, 23.3, 27.3 (double peak), 28.7
(doubl e peak) ,In33difiomncthedeli@ectsctyeddsexiRg chkydriigente b wamBerdd . otherB@did3?. 5. I n

addition to these precisely-described experinents, a nunber of other studies
vere per fQeBeifbithddhh GMichhBES c&R8 bd siRRmShawn t hat

1} in addition to the elements Cu, In, Zn, and S, the elements Ag, Cd, Ga, Al Pb,
Hg, Se, and Te can also be used;

2) except for thioacetamide, the following S-compounds can also be used:
elementary sulfur, elementary sulfur and a vulcanization accelerator, thiourea,
thiuram, hydrogen sulfide, metal sulfides, hydrogen sulfides, CS,, P,Ss;

3} in addition to the metal salts, organometallic compounds such as acetates,
metal thiocarbamide compounds can also be used.

In summary, it can be stated that with the process according to the invention,

semiconductive layers, in particular in nanocrystalline form, that exhibit satisfactory

degrees of efficiency in hybrid solar cells and in pure inorganic semiconductor layers can

be produced in an energy-efficient way.



1) in addition to the elenents Cu, In, Zn, and S, the elenments Ag, Cd, G,
A, Pb, Hg, Se, and Te can al so be used; 2) except for thioacetam de, the
foll owi ng S-conmpounds can al so be used: elenentary sulfur, elenentary

sul fur and a vul cani zati on accel erator, thiourea, thiuram hydrogen

sul fide, nmetal sulfides, hydrogen sulfides, CS2, P2S5; 3) in addition to the
netal salts, organonetallic conpounds such as acetates, netal thiocarbam de
conmpounds can al so be used. In sunnar}? it can be stated that with the
process according to the invention, sem conductive layers, in particular in
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Letters 2001, 30, 236. 13 dains: 1. Process for the production of

phot oactive | ayers, characterized in that a non sem conductive |layer is
formed fromprecursor material that conprises at |east one netal conpound
and a salt-like and/or organic reactant on a substrate by pressing or knife-
coating, and said non-seni conducti v&lpimger is exposed to tenperatures of

| ess than 300C, whereby a sem conductive, photoactive |ayer is formed from
the non- sem conductive | ayer by thermal conversion of the precursor
material. 2. Process according to claim1, wherein the netal conpound is a

nmetal salt. 3.1. F}rrecegs&r@l@@lﬁbmdﬁgnbeplcdt@acmell,ay%%@ﬂa&eﬁm ifefaah ngMpound is a
metal conplex. 4. Process according to one of clains to 3, wherein the

o, o salba o eaaioufodl iy, e gt
conpound J:o%npound and a salt-like and/or organic reactant on a substrate by pressing or knife-
coating, and said non-semiconductive layer is exposed to temperatures of less than
300°C, whereby a semiconductive, photoactive layer is formed from the non-
semiconductive layer by thermal conversion of the precursor material.
2. Process according to claim 1, wherein the metal compound is a metal salt.
3. Process according to claim 1, wherein the metal compound is a metal complex.
4. Process according to one of claims 1 to 3, wherein the metal compound is
selected from the group of sulfides, selenides and tellurides.
5. Process according to one of claims 1 to 3, wherein the metal compound is
selected from the group of carbides, phosphides, nitrides, antimonides and arsenides.
6. Process according to one of claims | to 5, wherein a sulfur-releasing reactant
that is selected from the group of elementary sulfur, elementary sulfur with a
vulcanization accelerator, thicacetamide, thiourea, thiuram, hydrogen sulfide, metal
sulfides and hydrogen sulfides, CS,, P2S; or the corresponding tellurium and/or seleninm
compounds is used.

7. Process according to one of claims 1 to 6, wherein the thermal conversion is

carried out in the presence of a Lewis Base.



selected fromthe group of carbides, phosphides, nitrides, antinonides and
arseni des. 6. Process according to one of clains 1 to 5, wherein a

sul fur-releasing reactant that is selected fromthe group of elenentary

sul fur, elenmentary sulfur with a vul canization accelerator, thioacetam de,

t hi ourea, thiuram hydrogen sulfide, nmetal sulfides and hydrogen sul fides,
CS2, P2S2 or the corresponding telluri4m and/ or sel enium conpounds is used.
7. Process according to one of clains 1 to 6, wherein the thernmal conversion
is carried out in the presence of a Lews Base. 14 8. Process according to
one of cl ai ms 81 Rrece®s aoghwesling te onhef daipstIriat’ewhergin the substate ithwit & usedvisconduct i ve
pol ymer and/or oligonmer or a sem conductive, nononol ecul ar organic

conpound. a @mikmdoebs paboo dndigr digooreood seeliaindsctivel moBomatbarl &ionganive

sem conductive, photoactive layer that is fornmed is present in the form of
nanopart i ghfeund 0. Conponent, wherein the latter conprises a sem conductive,
phot oactive layer that is produced according to a process according to one

of claims | tq $lls a&gm%eﬂfaﬁ%i g 8t, QhElef i ggmicm&?\;e? the conponent

is a solar cell.

photoactive layer that is formed is present in the form of nanoparticles.
10. Component, wherein the latter comprises a semiconductive, photoactive layer
that is produced according to a process according to one of claims 1 to 9.

11. Component according to claim 10, wherein the component is a solar cell.



