Process for the Production of Photoactive Layers as well as
Conmponents that Conprise this (these) Layer(s) The invention
relates to a process for the production of .photoactive |ayers as well
as conponents that conprise this (these) |ayer(s).

Sem conductive netal sulfides, selenides and tellurides, in

particul ar Cul nS2, CulnSe2, CdSe, ZnS, and ZnSe, are inportant
materials for the formati on of photoactive |ayers, which are useful,
i.a., for photovoltaic applications. Thus, sem conductive netal

sul fides ar i he formof thin layers for ino i

cells, so- (?Zlor%gﬂlérﬁsl(‘ Extrenme Thin Absorber) cells. Xa?g“r&wg%@g}tolﬁgzn%of
| ayers that consists of sem conductive netal sulfides with a

conj ugat ed sem conductive polyner or another |ayer that consists of
el ectroact ipye | | es resuyl Wy! t wo- | ayer ign.. which
is also suif %cgfsg&?%&l%’ﬁglﬁgg ul%)??ag)tﬁvet)tfa S’%%stvg)eglcffs}@én re eélrtrsetﬁ?%zj.o PHse ™ oy
t he product}iﬁOQ of)e%uc? sem conductive | ayers, known processes such as
reactive of'h lﬁe-s? Y i}e sputtering (cathode evaporation), separation
by gl ow di scharge, conventional thermal evaporation, chem cal and

el ectrochem cal separation, spraying process (spraying pyrolysis),
the sulfurizatign of metal filnms [1-5], and expensive processes for
the production The iptg Feltes|ta g myogess fa thepredugirent photoactipe layersag welk

t hese processes - except for the el ectrochem cal application [69] -
rel ati vel y ahfQpopgiipbatropprse this (these) lagsiiskr at ur es above 300C, are
necessary for the production of the Eh_ot oactive | ayers. Agroducti on
of these seni cobumieendnuctivayratal sylfdespseteaided and tdlyridesyintpadicntat CulnS,,
deconposition of a reactant in the presence of the correspondi ng

met al i ons CuBiSes, ICdBe, Zadcanid @mSeriaye impedant materigle &rithe fomratipn piphotopdive

[ 10- 29] Castro, Bailey et al.E31 describe a process for the

pr oduct i on loytrsavitdpgpre msafuldi.arforgulofolvaeicappidagiznsa tThiig werbiempectavk uees .
However, according to this process, relatively expensive starting
conmpounds atii@dessetised in the foAn of thit layerpioomeanib adad:cly) sé-bedled BTAY

chem cal vapor deposition under atnospheric conditions is also

descri bed ppxtdaiehé Lbsotder)Ealls3 Aleoniaeaoposeydd Batebmsistd dTGetiRoTALMRAS
that are used, tenperatures of 200-300C are used. Cui et al.

descri be appteifidys WBSTohjQEatéd RmoREUETd Rlyridr of SO RGsGRt ¥ensRRIPET
i ndium sul fide. E32] The latter produce CulnS2 and AgInS2 in the form

of sem condlphda¥evd)aRROHDlbi A refRIH StwoQhyeR dSiidhl SRR EBIshsEitablthir €
of I n(S2CNEt 2) 3 and (S2CNEt 2) 2 or Ag(SZ&\IEt 2)" according to the

principle Qﬁcs]ﬁﬁrlulc@(;nd(gl h&X%i@@ElEﬁe iwher eby the thioketones that
y-pro

accunul ate a cts wth ethyl enediam ne at 195C have to be
renoved in a S01’3’1‘%4}%5&@hm%tosﬁgéémiconducﬁve layers, known processes such as

reactive or non-reactive sputtering (cathode evaporation), separation by glow discharge,

conventional thermal evaporation, chemical and electrochemical separation, spraying

[1-3]

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 % —

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



The object of this invention is therefore to provide a process for

t he production of photoactive |ayers that is easy to performand that
can be perfornmed, on the one hand, at |ow tenperatures, as well as,
on the other hand, under direct use of netal conpounds and reactants
that are easy to synthesize. According to the invention, a process of
t he above-nentioned type is proposed, which is characterized in that
a non-sem conductive layer is forned f30n1precursor mat eri al that
conprises at |east one netal compound and one saltlike and/or organic

reactant o @aﬁe§bl.9%§' 'Elﬁhﬁal%co%p%§iﬁj)rp&' aqgac&ﬂn%) zfrﬁﬁecﬁgsteh&qyff ﬂ%@grrgs?:%lgihn

nonsem conductive Tayer is eXxposed to tenperatures o ess g3‘»00C,

wher eby a } C . LY il aY&L 5, fionowed fromthe
non-se)r/n' con haztﬁ)%eﬁ]ﬂig%}rewg’ tgﬁﬂé%%&g%ﬁ\#’e sﬁ)’opr?’r@?&% rlldemprecursor

terial. Pr eculr: erial is defined ding to thi.
Tventi on as o GCCRRRBHRC RSB PR R bOeIoLE B AR o
d, t It d/ tal | . and a salt-lik
or o7 gani ¢ SUBGTRIhEY RS Pefeh s Ehg B RsRe R BHARt i onal

conponent that ,is necessar or sem conductor formation.

Addi ti onal SR S RGO 2t of the process according to the
i nvention are disclosed according to subclaj ns. . The invention
al so rel ates t o™ EBHIbMERISE PasEE pr e sy demicg) Yagorglepoitiang@éetect or s t hat
conprise the layers that are produced acgord”ﬂp to the invention.
The react i a#osrliggeeendifions isplsp desciadyplogiadt aln” r dadedomporeghe starting
advant ageously lie significantly bel ow 300C, especially when the
reacti on i songponadsythatdrengeds tenzeiathresrof Bo%-300°@nd/wed.aci di ¢ or al kal i ne
starting conpounds are used. Advant ageously, the conversion

t akes pl ace in Chiet girdeseide endilier proc@wifs tigseiuci@r ofexaitpidctPypicopliene.
Lew s bases act as conpl exing agents for the netal ions that are
used. Lew mdhasaHiR|SoTR Biterprodacd GUlNS ah@ WeTnShir thefoie 60 fRasinlhcEine
reaction of the reactant, for exanple in the production of

chal cogeni da®roth iHat dobioFalsRhiMmei rlixtd JTHi(STONEDS andBYu(SANEYOH Si on

1
of a free electron pair of the Lewi s bas; possible conversion

reactions B} KGR to the pEXENP h&; ,
02-, 1420, %%ﬁé@gngj Ei%t ?Hdgrt?bg i ves, b%?ll,&ti%?%%}Spggg%aﬁg@%%k%&%evvi S

bases that gﬁ{ &cﬁﬁlﬁ&e q¢ gf;hﬁggﬁ% \;n(al étﬁ&ﬁcrje Sﬁteiap {hs3E ﬁa‘}%rtia g?%%rlo)éed ina

ni trogen-containing or ases, sucﬁl as pyridrne an

derivativeg olindhh podd:

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



4 various primry, secondary and/or tertiary am nes,

ni t rogen-cont ai ni ng heterocyclic conpounds, deprotonated am no acids
and/ or bases with a pyrimdine skel eton. By these especially

| ow production tenperatures, it is possible to produce sem conductor
| ayers both on inorganic substrates, such as netals, or glass, but

al so on polyner filns. The latter represents a quite special
advantage relative to the already knowin production nethods. The
reaction conditions can be selected so that the sem conductors are

present i NgdfiGnbi@¥iof phdloR@NAGYeY &ifBintek B & %@Jenﬁ&n&%@@ﬁgéﬂb?' es.
The m xture of the s?artlng substances can be present both in

sol ution apdmas vkl of ik BRENSH MheriaRS di spersion, or as paste.
Wth the process according to the invention, netal conpounds are used

o gani ¢ oat anecaol hitedtis MEnE L Ang RAR: ek pfhedobsodibioBlive o
271 e e TRELAEE br 2 SR Beiultl s in 3kl i AR Comnienes
ave bot b BRgeRT e ERRREpam b SfFoh R AR e M
conversion at lo oeratjgr es.or cét g‘%r&%i.cal ly influences the

r.tem
conversionqmmmmﬁﬁ%FﬁF&%WQ% LSrpispndyefpr B&: conponents in the form
of solar cells js.thus achieved, ip that_the inorganic materials are
particl es m@@#@?ﬁ adyaiagpQus ﬁwé?ﬁmaﬁf of BEPRESE QoIS R aSE
In solar cells, the sem conductive |ayers according to the invention
can act as¥BiHossf aerrding laspkstdm™and el ectron acceptors.

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 ', OH, 0%, 1,0, NII; and its derivatives, Br', N,
NO,, I, §%, 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,



5 When using certain starting conpounds, the conversion

tenperature in a sem conductor can also be | ess than 100C. The
conversion of the starting conpounds in the sem conductor can be
carried out in the presence of an acid. The conversion of the
starting conmpounds in the sem conductor can be carried out in a

| i kew se advantageous way in the presence of a base. The
reaction tenperature can be adjusted thermal treatnent but al so by
photons with energy of greater than 1 (one) eV. By the process

according to the invention, conponents that consist of a substrate
and a phot eaidu pemhrgysecondmylahédr fehiaryeatins Atitraudy2 ok @igRQ WsteocRiic

pr oduced. The application is carried out by printing by known
printing nedrdyeiads, depedtorsedaniucpidaphd/6r Hakds MlithRGyAidifd @dlelod. Pri nting,
or by knife-coating the sem conductor onto the substrate. The

invention is expyakReshdcRIFRuEoai-abt teaséﬂw-eaaﬁﬁgo@mé%nﬁmodi ment s
as well as the figures. Exanple 1. Process for the Production of

Sem conduc kdni€on@RRRQhyek W iRhahlid QibSRYE! Sich as metald ¥ gREOHHGEHGR Of
copper indiumsulfide |layers is carried out by reaction of

t hi oacet anj,gemaseis Sthd Mter¢Qdsehidh Rlte'spaGH Qﬂ)tanl!aéb %ﬂﬁvﬂo%ﬁ&%%ayff a

copper and i nhdium salt, whereby thioacetamde I econpose i this

product | OnRLAGRS A iQYmARYdsO ThE XAMRL Sond i Sty & GQIP! exed 0

pyri di ne. ea I's dissolved in thrs solution IS reaction

solution i gt dRRGSs 3G Pesthr itk RS BHRENLATiSe 1RGP adinb bty 111
oxi de on gl ass,

The mixture of the starting substances can be present both in solution and as
sluiry (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.



6 an organi c polymer or an electroactive organic polyner,

and i s

heated to 200C under inert gas atnosphere (e.g., nitrogen, argon,

helium. Cu) InCl3 + Cux(Pyridine)y+ in(Pyridine)y+3 Cl'

112Nt s11-12

200C Cul nS2 + H2WN et al . The | ayers that are obtained are
exam ned by neans of x-ray structural analysis (XRD). In this case,
Fig. 1 shows the x-ray diffractogram of. such a sanple. The peaks at
27, 45, and 55, which can be associatea with Cul nS2, have a

significant wi dening by their nanocrystalline nature.

When using certain starting compounds, the conversion temperature in a

semiconductor can also be less than 100°C.

The conversion of the starting compounds in the semiconductor can be carried out

in the presence of an acid.

The conversion of the starting compounds in the semiconductor can 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

subsirate.

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,



Exanpl e 2: Productionof an ‘I norgani c/ Organic Hybrid Sol ar Cell:

The primary design of this hybrid solar cell is depicted in Figure 2.
As a carrier 1, a glass substrate or a transparent polynmer filmis
used. For the production of solar cells, a portion of the ITO

| ayer (indiumtin oxide layer) 2 is renoved by chem cal or physi cal
etching. To offset the roughness of tge | ayer, a pol yethyl ene

di oxyt hi ophene (PEDOTTSS) |ayer 3 can optionally be applied. This
step can be omtted, however. In the next step, a |layer 4 that

consi st's Qh ofANRMHIRREE B RLkFrOREYd O EarROHTEL: Al is‘%eh@ﬁ"&{%% HARF

organi c el ectroactive substance is applied. Polymer solutions are
preferabl y .72 I sShens| . honogenous sol uti ons by
spin-coati%%,gh?%#%ggﬁﬁﬁggh@%Fgg?@%g??%gg'pressing or spraying.

Low nol ecul ar substances can al so be applied by evaporation coating.
A CQulnS2 | ayer, as pro yced according to Exagp{reridnd) ayer. 5) 1 i s now
applied on t®fs Iﬁye N The el ectrodes 6, e.g., alumnum gold,
silver, or a conbination of Tarcrum gold, cal cium al ém num
magnesi un gol d are th applied on this | ay ..evaporation coating
or sputteringsi, .+ éjiFﬁg. 3, the current?@é?rggégcharé%ter?giics
of the hybrid solar c are shown according to gig. 2.

A

HaN NH
200 °C

(::u‘[ﬂ,s2 + HzN /\\QQ& et. ﬂ].

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 CuluS,, have a significant widening by

their nanocrystalling 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 opt.ionally be applied. This step can be omitted, however. In
the next step, a layer 4 that consists of an organic eleciroactive polymer or a Jow-

molecular organic electroactive substance is applied. Polymer solutions are preferably



"The latter show a Voe (open term nal voltage) of 625 nV and an I|sc
(short-circuit current) of 5.855 mA/cnR at an illum nation of 60
mMVcn2. 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 Sul fide Layers The production of zinc sulfide layers is
carried out by deconposing thioacetan,de in the presence of zinc
acetate. The deconposition was perforned in this case at 150C. The
x-ray diffractogramin Fig. 4 shows the forned nanocrystalline ZnS

phase. As @Fﬁécwﬁ;naéds sRRNhoRBESBus SRIEBAAS skﬁ-&gﬁﬂgg?ipﬁzg%tg@pﬂifei— ed.

The width of the reflexes confifns the presence of

crystal | i t@suddpdk %g@gﬁﬁhgrm@m gléisg nggg%ﬁﬁémebgﬁ@wguch a

| ayer, a bilayer het'er ction so roduc se degree
of efficie haracterized by neans of a Ul characteristic 8
(see Fig. ?%H¥ﬁ%°§oﬁgT cell that was produced in this way shows an

ially hi et | t f 920 . EX le 4: P
for he. By odusth SRR, Rlcudel el Bingo ExEpE Y el 300 Rt aonliefor -
CuGaSs2 laﬁﬁ%& 31.5 ng of Cul, 37.9 ng of GaCl3 and 64.5 ng of

t hi oacet ant'ié™&r e di ssolved in pyridine and applied to a gl ass

substrate. Thighla%er i s_heated under inert gas atnpsphere faor 30
mnutes at 200CR€ {RELEP: fige 2 &Plgrsiiver e qopbgnaien oficalemignls, 5o

| ayer. Fig. 6 shows a diffractogramof the nanocrystalline, )

sen conducelsinyayemum,mesqesiumegoklate thomapled o this laysnkseveppietioncgating
characteristic of the CuGaS2 lie at 29, 48, 49, and 57. The sharp
peaks at XASpuEIEE. 27 5 42, 46.5 and 50 originate fromsmall anounts

of the educt Cul, which was not conpletely reacted. By an increase of
t he gal | i um cofpbigechths currpriyeltagd glaragisistics of the higbridedolarrcelbare 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/em? at an illumination of 60 mW/em®. 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 {50°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/I characteristic



Exanpl-e 5:- Process -for the Production of a Copper Iron Sulfide Layer
Anal ogously to Exanple 4, a copper iron sulfide |ayer was produced.
To this end, 31.5 ng of Cul, 71.4 ng of FeCl3.6H20 and 79.3 ng of

t hi oacetarni de, dissolved in pyridine, were used. In the XRD anal ysis
of the fornmed material, the peaks that were characteristic of copper
iron sulfides were found at 29, 34, 53.5 and 57 5 The wdth of the
peaks in turn indicates the formati on®of nanocrystalline copper iron
sul fide. Exanple 6: Process for the Production of a Silver Gllium

Sul i de. Layalrdie) ornddhiak Soliifi s bidlced In i gﬁa‘g%g%)&gaﬁﬁei%ﬁ}'cﬁ}l%ﬁgﬁ i

ternary su to exchange the  copper at ent

atoms. 1 n icdiclBSlolfBofoMypl AINGS, 37.8 mg of GaCl3 9 and 64.4
ng of thiourea were ssolved in pyridine, and a silver gallium

sul fide | ayer was produced anal ogously to Exanple 4. The
diffractogramdepicted in Fig. 7 confirns the formation of the

silver-rich silyver | Lium sul.fide, phas whi ch shows t he
characteristicbﬁggﬂggakﬂﬁﬁ$i }hﬁékﬁﬁaﬁvgéégg§§§$%*beak), 28.7 (doubl e
peak), 33.2 and the 7 reflexe i bet ween 36 and 37.5. In
addition to t hg%letniﬁ?f&l clgy 95%‘2%4’&%? E&EF’ g&%ﬁ’ﬁi"ﬁéﬁ% g?-%ﬂ%ﬂ?r?&@ﬁ 8¢ 648 her
st udi es merefperforne in which there could be shown that 1) in
addi tion 182 phlogactemidfage dasolve in prpding el agplisdia 2 gfashihtzatoaghisdayer Ga,
A, Pb, Hg, Sc, and Te can also be used; 2) except for thioacetam de,
t he fol | ovf krgtedindanpnstipasatmasphateder 39aninuteant 2040 °Enwherayths edniersion is
el ementary sul fur and a vul cani zati on accel erator, thiourea, thiuram
hydr ogen satried det,in a€ughS,Jdeyef.i e shhysla diffeavtoguint oftbsnan@3@stalPR55; 3) in
addition to the netal salts, organonetallic conpounds such as
acet at es, samicehduttor gt b foened pwipoehiydls: peaks thdt ace dharacterdstic 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 thicacetamide, 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;



| n-summary, -+t can be stated that with the process according to the

i nvention, sem conduetive layers, in particular in nanocrystalline
form that exhibit satisfactory degrees of efficiency in hybrid solar
cells and in pure inorganic sem conductor |ayers can be produced in
an energy-efficient way. 10 [1] V. Al berts, | Titus, it W Birkmre,
Thin Solid Films 2004, 451, 207. [2] A. Antony, A S. Asha, R
Yoosuf, R Manoj, M K. Jayaraj, Solaf Energy Materials and Sol ar
Cells 2004, 81, 407. [3] B. M Basol, Thin Solid Filnms 2000, 361-362,

Solid Fi 1 it PP Gybunal Ry FER g St il R b Uy
S "Bor opneirCe P REREN (AR LR, YEOGEvBRAR bl et onggmspe
onoval ov. it p e B Sl suan QU P At oBi oS Mot o
ot et | o SRR ek atihe, Th”, 27.3° (dobie poald, 3875 (donple peald) 33,35 and
ynt heti c : , .
the 7 reflexes lying between 36.0° and 37.5.°

In addition to these precisely-described experiments, a number of other studies

were performed in which there could be shown that

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) inaddition 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.
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1. Process™for the production of photoactive |ayers, characterized in
that a nonsem conductive layer is fornmed from precursor material that
conprises at | east one netal conpound and a salt-Ilike and/or organic
reactant on a substrate by pressing or knife-coating, and said

non- sem conductive | ayer is exposed to tenperatures of |ess than
300C, whereby a sem conductive, photoactive layer is fornmed fromthe
nonsem conductive | ayer by thermal conversion of the precursor

mat eri al . 2. Process according to claim1, wherein the neta
conmpound is a nmetal salt. 3. Process according to claiml
wherein the nmetal conpound is a netal conplex. 4. Process

according to one of clains 1 to 3, whgarei n the netal conpound is
selected fromthe group of sulfides, selenides and tellurides.

5. Process according to one of clainms 1 to 3, wherein the netal
conpound is selected fromthe group of carbi des, phosphides,

nitrides, antinDpiges @kk ﬁB&ﬁﬁbx@@ﬁ?hotoacuv laggrs clP LRGERRd AthRe ng to

one of clains 1 to 5, wherein a sulfin- re si'ng reactant fha

sel ected f4.0MmhARHA QU Iﬁgn@d%@&ﬁ‘s& {eﬂgi 1a‘?| &H}Zﬁﬁ%@:{t%a&%nfe H{etaw th

a vul cani zat1 on accelerator cet am

hydrogen bl angr@g@idh@%'nﬁfogiggm%&ea asi | 98860 061%3 P2s2 or

the corres I'ng rrum an SaT en|un1conpou
7. Process ccon%

conver si on S AT ‘fmlc?%l%?ﬁgegaygrslg ﬁ’f?é’s%ﬁb 5311?1’8%%%3%’;? S a114

8. Process ordi to.o clainms, 1. to 7, wh t he
senlcondué¥$ “mﬁﬁg?6§%¥$ “tE? ofopstive | %QW%ﬁﬁﬁﬁfﬁ@“ d98nt in the
form of nanoparticles. Conponent, wherein the latter

conpri ses %W%ﬁ%ﬁ@@@ﬁﬂﬁﬁ¥PVQWHWﬁGWBE@FW#%ﬂﬁﬂyﬁﬁmQﬂﬁﬁﬁfwb pr oduced

according to a process according to one of clains 1 to 8.
2. Process according to claim 1, wherein the metal compound is a metal sait.

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 1 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 telhurium and/or selenium
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.



10. Conponent according to claim9, wherein the conmponent is a solar
cell.

14

8. Process according to one of claims 1 to 7, wherein the semiconductive,
photoactive layer that is formed is present in the form of nanoparticles.

| 9., Component, wherein the laiter comprises a semiconductive,' photoactive layer
that is produced accord.ing to a process according to one of claims 1 to 8.

10. Component according to claim 9, wherein the component is a solar cell.



