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The discovery and study of negative photoconductivity in CdIn2S4:Cu  single crystals reported. Were studied the 

kinetics of the relaxation of negative photoconductivity at different intensities of exciting monochromatic light and different 

values of the electric field strengths applied to the sample. 
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1. INTRODUCTION

The ternary CdIn2S4 belongs to the class of 

diamond-like semiconductor compounds with the 

general formula AIIB2
IIIC4

VI and crystallizes in the 

cubic spinel structure Fd3m (Оh
7) space group. The 

indirect band gap energy of CdIn2S4 is Eg
in=2.28 eV at 

300K [1]. CdIn2S4 has two kinds of atoms in cationic 

sublattice. It is possible formation of antistructural 

defects, due to substitution of cations (CdIn and InCd), 

cadmium vacancies (VCd), sulfur vacancies (Vs), 

cadmium interstitials (Cdint), sulfur interstitials (Sint), 

and complexes of these point defects. As a result, in 

the forbidden band of CdIn2S4 presence a lot of local 

levels.  

This compound has high photosensitivity and 

bright luminescence in the visible region of the spectra 

[2-8]. The CdIn2S4 compound belongs to an 

interesting group of solids whose photoelectric 

properties can be changed over a wide range by 

doping and deviation from stoichiometry. The 

resistivity and photosensitivity of CdIn2S4 varies with 

the sulfur content S, as well as with doping with Cu, 

Ag, and Au. In CdIn2S4, the effect of switching and 

memory is observed at the CdIn2S4-metal contact, 

light memory, generation of current oscillations, 

photocatalytic properties, etc. Interest in CdIn2S4 is 

associated with the possibility of practical application 

as a photoresistor, solar cell, photocatalytyc material 

and light emitting diode [9-18] 

One of the most interesting photoelectric effects 

observed in various semiconductor materials is 

negative photoconductivity [19-25]. The essence of 

the effect is to reduce the equilibrium dark 

conductivity of the semiconductor when illuminated. 

In this paper, we report the discovery and study of 

NPC in CdIn2S4 crystals doped with Cu impurity. 

2. COMPOUND SYNTHESIS AND SAMPLE

PREPARATION

The CdIn2S4 compound was synthesized from 

initial high-purity components In, Cd and S, which 

were loaded into a quartz ampoule and pumped out up 

to 10-2 Pa. The Cu impurity concentration in CdIn2S4.01 

was 0.002 mol. The obtained CdIn2S4:Cu ingots were 

colored black. X-ray diffraction analysis revealed the 

spinel structure with a lattice constant: а=10.79Å. 

CdIn2S4    single crystals have been grown by gas 

the transport method. Crystalline iodine was used as a 

carrier. During manufacture, the samples were given 

the form of plane-parallel plates with dimensions of 

about 3x2x1 mm3.In this case, one of the sides always 

had a natural mirror face of the crystal. Metallic 

indium was used as ohmic contacts. The distance 

between the contacts was 2 mm. Investigated samples 

have a resistivity of about 106÷108 Ώ·cm, in the dark, 

and R dark / R light =102÷105 ratio for a white light with 

200 Lx intensity at T=300K. The samples had n-type 

conductivity. 

During measurements, the samples were   placed 

in a cryostat with an optical window. A vacuum of 0.1 

Pa was maintained in the cryostat. The experiments 

were carried out at a sample temperature of 110 K, in 

the wavelength range of 400÷2000 nm, by steady state 

method. 

3. EXPERIMENTAL RESULTS AND 

DISCUSSION

In experiments under various external conditions 

(strengths of an external electric field   and 

illumination) were recorded spectral distributions and 

photoresponse kinetics of the negative and positive 

photoconductivity in CdIn2S4 : Cu single crystals. As a 

result of the experiments performed, the following 

regularities were revealed in samples CdIn2S4 : Cu in 

the absence of the background excitation (when the 

sample under study is illuminated with only one beam 

of monochromatic light with a varied wavelength).  

1. Negative photoconductivity is observed at low

strengths of the applied electric field. With an increase 

in the electric field strength, the negative 

photoconductivity effect decreases and passes into the 

usual positive photoconductivity. At electric field 

strengths greater than 50 V/cm, negative 

photoconductivity is not detected (Fig.1). 
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Fig.1. The kinetics of the relaxation of photoconductivity in CdIn2S4 crystals doped with Cu at various applied electric 

     field strengths (λ =480 nm; T=110 K): 1. E = 5 V/cm; 2. E = 10 V/cm; 3. E = 30 V/cm; 1. E = 60 V/cm. 

Fig. 2. The kinetics of the relaxation of photoconductivity in CdIn2S4:Cu single crystals at different intensities of 

 exciting light from the intrinsic absorption region (λ=480 nm; T=110 K): 1. I=I0; 2.I =1.7 I0 ;  1. I =2 I0 ; 1. 

I=2.5 I0 . 

2. Negatively photoconductivity is detected at rather

low intensities of the exciting light. As the intensity of 

the exciting light increases, the negative photocurrent 

gradually decreases and transforms into the usual 

positive photoconductivity (Fig.2). 

3. Negative photoconductivity is detected under

illumination with both intrinsic and extrinsic light 

(Fig.3). 
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Fig.3. Spectral distribution of negative photocurrent in CdIn2S4:Cu single crystals (T = 110 K). 

4. In CdIn2S4:Cu single crystals, at room temperatures,

negative photoconductivity is not observed. 

The interpretation of negative photoconductivity 

is currently difficult.  In order to establish the nature 

of negative photoconductivity in CdIn2S4:Cu single 

crystals more detailed study will be necessary. Further 

investigations are now in progress. 
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 Зафар  Кадыроглы 

 КИНЕТИКА РЕЛАКСАЦИЯ ОТРИЦАТЕЛЬНОЙ ФОТОПРОВОДИМОСТИ В МОНОКРИСТАЛЛАХ 

CdIn2S4: Cu 

Сообщается об обнаружении и исследовании отрицательной фотопроводимости в монокристаллах CdIn2S4: Cu. 

Изучена кинетика релаксации отрицательной фотопроводимости при различных интенсивностях возбуждающего 

монохроматического света и напряженностях электрического поля. 

 Zəfər Qədiroğlu 

CdIn2S4: Cu MOHOKRİSTALLARINDA MƏNFİ FOTOKEÇİRİCİLİYİN RELAKSASİYASININ KİNETİKASI 

CdIn2S4:Cu monokristallarında mənfi fotokeçiriciliyin aşkar və tədqiq olunması haqqında məlumat 

verilir.Həyəcanlandıran işığın müxtəlif intensivliklərində və nümunəyə tətbiq olunan elektrik sahəsinin intensivliyinin fərqli 

qiymətlərində mənfi qalıq fotokeçiriciliyin relaksasiyasının kinetikası öyrənilmişdir. 


