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Abstract- Investigation of photoconductivity with respect to the number of parameter has been made in (Al2O3- ZnS) Cu, Cl 

composites. The sample is prepared by firing the appropriate mixture at 8000C for 45 minute. For measurement purpose, the 

sandwich type of cell is used in which electrodes are in direct contact with the sample. The effect of field intensity, wavelength of 

illumination and temperature has been reported. 

Index Terms: Intensity, Photoconductivity, Photocurrent, Temperature, Voltage, Wavelength. 
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1 INTRODUCTION   

In some materials the electrical conductivity increases by 
absorption of radiation. In case of homogeneous material, 
the density of holes and electrons are uniform throughout 
the materials. The photoconductivity study gives us the 
substantial information regarding the electronic transition 
in semiconductor [1, 2]. Photoconductivity is considered to 
be an important tool for providing information, regarding 
the nature of the photo-excitations. Since last decade the 
photoconductive properties of the inorganic nanoparticles 
have become subject of intensive study [3]. Not only 
because of fundamental interests in the nature of the 
electronic excitations but also due to their applications in 
wide range of optical and electronic devices. A good 
photoconductive device requires not only efficient charge 
separation but also efficient transport of charge carriers to 
electrode [4]. Photoconducting properties of various 
materials have been investigated by many markers [5, 6]. 
Recently the property of gallium  doped ZnO deposited on 
glass by spray analysis [7], optical and electrical 
characteristics of aluminum doped ZnO thin film prepared 
by solgel technique [8], and application of the inorganic 
nano crystal in polymer-net work [9] have been studied. 
ZnO has been reported to display good photoconductivity 
and high transparency in the visible region and used as 
transparent electrodes for solar cells [10]. Although many 
authors have reported the measurement of 
photoconductivity in ZnO thin films [11]. 
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The value of the number of electron and holes in 

insulators may be much larger than the corresponding free 
carrier densities in the dark. In the steady state, the rate of 
generation of electrons and holes must be equal to the rate 
of recombination and the rate of trapping must be equal to 
the rate of detrapping (or re-excitation). To analyze carrier 
transport problems involving these processes, it is 
important to set a quantitative criterion to separate 
trapping and recombination centers. Rose [1, 12] has used 
demarcation levels to separate them. The demarcation level 
for electron traps, EDn, is defined as the level at which a 
captured electron has an equal probability of being excited 
into the conduction band and of recombining with a hole 
from the valence band. Similarly, the demarcation level for 
hole traps, EDp, is defined as the level at which a captured 
hole has an equal probability of being excited into the 
valence band and of recombining with an electron from the 
conduction band. In semiconductor the reverse is often true 
and the influence of radiation may be considered as a small 
perturbation on a large dark carrier density. Two 
assumptions have been made in the discussion of photo-
conductivity: first, the conductivity is dominated by one of 
the carriers so that the contribution of the other may be 
effectively neglected and second, the crystal remains 
neutral during the photoconductivity process without a 
build up of appreciable space charge in the crystal. Two-
photon carrier generation processes are directly associated 
with the generation of two photo-excited states (i.e., 
excitons), which interact, resulting in a direct transition of 
an electron from the valence band to the conduction band 
or to an auto ionization state above Ec [13, 14]. There are 
several possible processes leading to the generation of 
intrinsic     electron – hole pairs, such as singlet exciton–
singlet exciton collision ionization and singlet exciton–
triplet exiton collision ionization [15, 16, 13, 14, 17, 18, 19]. 
The conductivity is dominated by one of the carriers so that 
the contribution of the other may be effectively neglected. 
The crystal remains neutral during the photoconductivity 
process without a build up of appreciable space charge in 
the crystal. Several investigators have also analyzed the 
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light intensity dependence of photoconductivity, based on 
the charge neutrality condition with the gap states assumed 
to be distributed  in energy but not necessary exponentially 
[20] or based on the assumption that each localized gap 
state has three possible charge values; neutral, negative, or 
positive [21, 22]. Schellenberg and Kao [23] have 
generalized Rose‘s original expression in two ways; first, by 
extending the contribution of gap states to recombination 
from those above the midgap states to any states between 
electron and hole quasi–Fermi levels and second, by 
including the effect of the asymmetry of gap state 
distributions and the charge neutrality condition This 
analysis has shown that the odd values of the exponent m 
may occur in solids with gap states distributed discretely or 
continually [1, 2, 20-23, 24]. Investigation of photocurrent 
with respect to number of parameters such as light 
intensity, voltage, temperature, energy of illumination etc. 
provides us good information of the materials. The 
photocurrent can become saturated if the concentration of 
majority carriers injected from the ohmic contact is 
suppressed at high fields by minority carriers injected from 
the opposite blocking contact through a recombination 
process, particularly in relaxation semiconductors [25, 26, 
27] or if the bulk-limited regime is changed to an electrode-
limited regime at high fields [28].The temperature 
dependence of dark and photocurrent provides a fairly 
useful information about the energy depth of Fermi-level 
and the localized defect states at a given temperatures the 
band gap of ZnS crystals changes from 3.6eV  at room 
temperature to about 3.4eV at 300°C [29, 30]. Obviously, the 
optical absorption edge and hence the photoconductivity 
peaks will shift toward longer wavelength as the 
temperature is increased.  Zinc sulphide (ZnS) is also is an 
important optoelectronic device material for its use in the 
violet and blue regions owing to its wide band gap 
(∼3.7eV) and having exciton binding energy of 40 meV [31].  

 

2 EXPERIMENTAL DETAIL 

For the preparation of sample, two base material Al2O3 
and ZnS of high purity are taken in different proportion by 
weight and then ground properly, in order to get 
homogeneous mixture. The mixture is then fired at 8000 C 
for 45 minute in cylindrical furnaces in air atmosphere. The 
cell is constructed in the form of parallel plate capacitors by 
embedding the sensitive material in polystyrene binder and 
sandwitching it between the two conducting glass plates. 
All the measurements are taken with the help of parallel 
plate capacitor. For the measurement of photoconductivity, 
the cell is mounted in a chamber in complete darkness and 
the radiations from a 300 W Hg –lamp is allowed through a 
window on the cell. By changing the slit width and the 
distance between the lamp and hole, the intensity upon the 
upper surface of cell could be varied. 

3 RESULT AND DISCUSSION 

 3.1 Effect of Voltage 

The figure (1) shows the variation between photocurrent 
and voltage. In presence of light, the sample (Al2O3 50% - 
ZnS 50%) Cu (0.1%) and Cl (1%) shows nonlinear 
characteristics upto around 4.5 V and above this voltage, 
the photocurrent Ip tends to saturation. The saturation 
effect of Ip versus V curves at higher voltage may be 
explained on the basis of class II states, which are the 
imperfection centers lying close to valence band and having 
higher capture cross section for holes than for electrons 
[32]. 

 

 

 

3.2 Effect of Temperature 

The figure (2) shows the variation of photocurrent with 
temperature for (Al2O3 50% - ZnS 50%) Cu (0.1%) and Cl 
(1%) sample. By increasing the temperature, photocurrent 
is also increased. The graphs plotted between photocurrent 
and temperature is linear but at higher voltage there is 
change of slope. Thermal quenching of photocurrent 
occurring in higher temperature region can be explained on 
the basis of Rose Model. According to this model, the 
steady state Fermi levels are shifted towards their 
respective band edge with an increase in the intensity of 
illumination.  During this shift of Fermi levels, a large 
number of traps are converted into recombination centers. 
Thus, life time of the electron increases and the 
photoconductivity is sensitized. Fermi levels are shifted 
towards the middle of the gap with an increase in 
temperature. 
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3.3 Effect of Intensity 

The figure (3) shows the variation of photocurrent with 
intensity at different fixed voltage for (Al2O3 50% - ZnS 
50%) Cu (0.1%) and Cl (1%) sample. The curves plotted 
between photocurrent and intensity is straight line having 
different slopes at lower and higher intensities of 
illumination. The variation can be represented by Ip Vs L, 
where S is the slope of any straight line section and L is 
intensity in Lux. The nature of variation, changes from 
super-linear to sub-linear. This can be explained by using 
the concept of class I and class II states. Class I consist of 
states, which have roughly similar cross section for electron 
and holes. While the class II states have a higher capture 
cross section for holes than for electrons and lie close to the 
valence band. 

 

 

3.4 Effect of Wavelength 

Figure (4) shows the variation of photocurrent with 
wavelength. The photocurrent initially decreases as the 
wavelength increases. It shows a dip at about 5000 Å, but 
start increasing as wavelength further increases, and after 
5460 Å photocurrent again start decreasing. The dip in 
photocurrent may be due to absorption of radiation by non 
radiation centers. 

 

 

4 CONCLUSION 

 

The study of photoconductivity of (Al2O3-ZnS) Cu and Cl 
composites with respect to the number of parameters such 
as voltage, temperature, intensity and wavelength shows 
the variation in photocurrent. When voltage increases the 
photocurrent saturates, which can be explained on the basis 
of class II states. Similarly on increasing the temperature, 
photoconductivity is also increased. The life time of 
electron increases and the photoconductivity is sensitized. 
Hence the Fermi levels are shifted towards the middle of 
the gap with an increase in temperature. When wavelength 
increases, the photoconductivity initially decreases, a dip is 
observed at 5000 Å, but start increasing as wavelength 
further increases, and after 5460 Å photocurrent again start 
decreasing. This is due to absorption of radiation by non – 
radiation centers. 

 

 

 

 

 

 



International Journal of Scientific & Engineering Research, Volume 3, Issue 11, November 2012                                                                                         
ISSN 2229-5518 

 

IJSER © 2012 

http://www.ijser.org 

ACKNOWLEDGMENT 
 

The author S. K. Srivastava & Sumit Ruhela is thankful to 
Prof. S.G. Prakash, Dept of Physics, university of 
Allahabad, India for their assistance and providing the 
laboratory facility. 

REFERENCES 

[1] A. Rose, Concepts in Photoconductivity and Allied Problems, Wiley 
Interscience, New York, 1963. 

[2] R. H. Bube, Photconductivity of Solids, John Wiley & Sons. Inc., New 
York, 1960. 

[3] Ai-wei Tang, Hui Jin Teng, Gao Yin-hao, Chun-jun Yan-bing Liang, 
and Yong-sheng Wang, ―Investigation on photoconductive properties 
of MEH-PPV/CdSe-nanocrystal nanocomposites‖, Materials Letters, 
Vol. 61, 2007,  pp. 2178 -2181.        

[4] Tadahiro Murakata, Kouske Aita, LiuHu.i Iha, and Higuchi Takeshi 
Sato Shimio, ―Photoconductivity of n-type semicondu -ctor 
nanoparticle-doped poly(N-vinylcarbazole) films‖, Mater Sci. Vol. 42, 
2007, pp. 6279-6286. 

[5] R. W. Glew, ―Cadmium selenide sputte- red films‖, Thin solid films, 

Vol. 46, No. 1, 1977, pp. 59-67.      
[6] M. A. Kenawy, H.A.Zayed, ―A.c. photoconductivity and optical 

properties of bulk polycrystalline and amorphous In x Se1−x thin 
films‖,  J.Mater.Science, Vol. 1, No. 2, 1990, pp. 115-117.   

[7] A.Tibureio-Silver, A. Sanchez-Janez, and A. Avilagarica, ―Properties of 
gallium-doped ZnO deposited onto glass by spray pyrolysis‖, Sol 
Energy Mater. Sol. Cell, Vol. 55, 1998, pp. 3-10.      

[8] A. E Jimenez, Gonzalez, J. A. Sot. Urceta, and R. Saurez Parra, ―Optical 

and electrical characteristics of  aluminum-doped ZnO thin films 

prepared by solgel technique‖, J. Cryst, Growth, Vol. 192, 1998, pp. 430-

438.  
[9] J.M Huang, Y Yang, B Yang, S.Y Liu, J.C Shen, ―Assembly and 

applications of the inorganic nanocrystals in polymer networks‖, Thin 
solid films, Vol. 327-329, 1998, pp. 536-40.    

[10] K. Westernmark, H. Rensmo, A. C. Lees, J.G Vos, and H. Siegbahn, 
―Electron Spectroscopic Studies of Bis-(2,2‗-bipyridine)-(4,4‗-dicarboxy-
2,2‗-bipyridine)-ruthenium(II) and Bis-(2,2‗-bipyridine)-(4,4‗-dicarboxy-
2,2‗-bipyridine)-osmium(II) Adsorbed on Nanostructured TiO2 and 
ZnO Surfaces‖, Phys. Chem. B, Vol. 106, No. 39, 2002, pp. 10108-10113. 

[11]  S. Mridha, D. Basak, ―Thickness dependent photoconducting 
properties of ZnO films‖, Chem. Phys. Lett., Vol.427,  2006, pp. 62-66. 

[12]    A. Rose, ―Recombination Processes in Insulators and Semiconductors‖,  
            Phys.Rev., Vol. 97, No. 2, 1955, pp.  322-333. 
[13] F. C. Strome, Jr., Direct, ―Two-Photon Photocarrier Generation in 

Anthracene‖, Phys. Rev. Lett., Vol. 20, No. 1, 1968, pp. 3-5. 

[14] R. G. Kepler, ―Electron and hole generation in anthracene crystals‖, 
Pure Appl. Chem. Vol. 27, No. 3, 1971, pp. 515-526. 

[15] E. A. Silinsh, Organic Molecular Crystals, Springer-Verlag, Berlin, 
1980. 

[16]  N. E. Geacintov and M. Pope, ―Intrinsic  Photoconductivity in 
Organic Crystals,‖   Proceedings of the 3rd International Conference 
on Photoconductivity, edited by E. M. Pell, pp. 289–295. (Pergamon, 
Oxford, 1971). 

[17]    M. Pope, C. E. Swenberg, Electronic   Processes in Organic Crystals, 
Clarendon, Oxford, 1982. 

[18] H. Meier, Organic Semiconductors–Dark and Photoconductivity of 
Organic Solids, Verlag Chemie, Weinheim, Germany, 1974. 

[19] Sang‐ il Choi , ―Mutual Interaction and Ionization of Excitons in 
Aromatic Molecular Crystals‖,  J. Chem. Phys., Vol. 43, 1965, pp. 1818-
1825. 

[20] F. Evangelisti, P. Fiorini, G. Fortunato, A. Frova, C. Giovenella, and R. 
Peruzzi, ―Gap states in a-Si:H by photoconductivity and 
absorption‖, J. Non-Cryst. Solids, Vol. 55, 1983, pp. 191-201. 

[21] V. Halpern, ―The statistics of recombination via dangling bonds in 
amorphous silicon‖, Phil. Mag. B, Vol. 54, 1986, pp. 473-482. 

[22]    F. Vaillant and D. Jousse, Proc. Symp.Materials Issues in Amorphous    
Semiconductor Technology Vol. 70, edited by D. Adler, Y. 
Hamakawa, and A. Madan, (MRS, Pittsburgh), 1986. 

[23] J. J. Schellenberg, K. C. Kao, ―On the relationship between 
photoconductivity and light intensity in solids‖, J. Phys. D: Appl. 
Physics, Vol.  21, 1988, pp. 1764-1768.   

[24] F. Stockmann, ―On the Dependence of Photocurrents on the 
Excitation Strength‖, Phys. Stat. Sol., Vol.34, 1969, pp. 351-364 and 
pp.741-749.   

[25] H. J. Queisser, ―Semiconductors in the Relaxation Regime,‖ in Solid 
State Devices, edited by P. N. Robson, Conference Series no. 15), 
(Institute of Physics, London (1972) pp. 145–168 

[26] H. J. Queisser, ―On the conditions for recombinative space‐ charge 
injection‖, J. Appl. Physics, Vol. 43, 1972, pp. 3892-3892. 

[27] C. Popescu, H. K. Henisch, ―Minority carrier injection in relaxation 
semico-nductors under illumination‖, J. Phys. Chem. Solids, Vol. 37, 
1976, pp. 47-49. 

[28] J. G. Simmons, D.C. Conduction in Thin Films, Mills and Boon, 
London, 1971. 

[29] C. Z. Van Doorn, ―Temperature dependence of the energy-gap in 
ZnS‖, Physica, Vol. 20, 1954, pp.1155-1156. 

[30] C. Z. Van Doorn, D. de Nobel, Physica, ―Luminescence, transmission 
and width of the energy gap of CdTe single crystals‖, Vol. 22, 1956, 
pp. 338-342. 

[31] N. Karar, F. Singh, and B. R Mehta, ―Structure and 
photoluminescence studies on ZnS:Mn nanoparticles‖, J. Appl. 
Physics, Vol. 95, 2004, pp. 48-52. 

[32] P.K.C. Pillai, N. Shroff, Navel Kumar and A.K. Tripathi, 
―Photoconductivity and dark-conductivity studies of CdS1-xSex(Cu) 
sintered layers‖,  Phys. Rev. B, Vol. 32, 1985, pp. 8228-  8233 

 

http://www.sciencedirect.com/science/article/pii/S0167577X06010597
http://www.sciencedirect.com/science/article/pii/S0167577X06010597
http://www.springerlink.com/content/p5j6338662708726/
http://www.springerlink.com/content/p5j6338662708726/
http://www.sciencedirect.com/science/article/pii/S0040609098007056
http://www.sciencedirect.com/science/article/pii/S0040609098007056
http://pubs.acs.org/doi/abs/10.1021/jp014218z
http://pubs.acs.org/doi/abs/10.1021/jp014218z
http://pubs.acs.org/doi/abs/10.1021/jp014218z
http://pubs.acs.org/doi/abs/10.1021/jp014218z
http://prl.aps.org/abstract/PRL/v20/i1/p3_1
http://prl.aps.org/abstract/PRL/v20/i1/p3_1
http://jcp.aip.org/resource/1/jcpsa6/v43/i5/p1818_s1
http://jcp.aip.org/resource/1/jcpsa6/v43/i5/p1818_s1
http://www.sciencedirect.com/science/article/pii/0022309383906683
http://www.sciencedirect.com/science/article/pii/0022309383906683
http://www.sciencedirect.com/science/article/pii/0022369776901785
http://www.sciencedirect.com/science/article/pii/0022369776901785
http://www.sciencedirect.com/science/article/pii/S0031891456800451
http://www.sciencedirect.com/science/article/pii/S0031891456800451

