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ABSTRACT 
 

This study seeks to obtain data about electric and optical properties of ZnSe/SiO2 composite films 

for Photovoltaic Applications, for this purpose ZnSe nanoparticles established in [Si O2] thin films 
were prepared by sol-gel method using zinc acetate dihydrate [Zn (CH3 COO)2 .2H2O], selenic acid 
[H2SeO4] and Tetraethyl orthosilicate [Si(OC2H5)4]. The n – ZnSe /SiO2 thin film composites were 
deposited on the glass substrate by dip coating technique. Mobility activation has been studied 
from the photocurrent degradation curves. XRD results indicate the phase structure of ZnSe 
particles embedded in ZnSe/SiO2 composite thin films is sphalerite (cubic ZnS). The effective 
density of states (Neff), frequency factor (S), and trap depth (E) have been calculated for all the 
films having different crystallite sizes. The increase in photoconductivity is explained in terms of 
built in potential barriers (φb) at the crystallite boundaries. Field Emission Scanning Electron 
Microscopy (FESEM) image show that morphology of n - ZnSe influenced by ZnSe/SiO2 molar 
ratio. The optical characterization of thin film composite has been examined by transmittance 
measurement in the UV-visible wavelength range. It was found that the optical transmission is 
decreased with increase of the ZnSe/SiO2 molar ratio.  The highest transmission of 54.6% and the 
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lowest of 36.7% were acquired for the specimens with 5% and 20% ZnSe/SiO2 molar ratio, 
respectively.  Further observation shows that the optical transition in ZnSe/SiO2 thin film is direct 
transition with band gap energy in the range of 2.6 - 3.9 eV. 
 

 

Keywords: Electrical properties; optical properties; sol-gel; ZnSe/SiO2; morphology; thin film. 

 
1. INTRODUCTION 

 

In recent years, nanocrystalline materials are 
being researched widely because of their 
electronic and optical characteristic depend on 
their size. As one of the broad band gaps II-VI 
semiconducting material widely applied in 
optoelectronic devices, owing to its bandgap (2.7 
eV) belongs to the visible region [1-5]. ZnSe is a 
highly photosensitive semiconductor, so 
nanocrystalline ZnSe can be synthesized by 
many methods such as pulsed laser deposition 
[6], chemical vapor deposition [7], molecular 
beam epitaxy, and sol-gel method [8,9]. ZnSe is 
also attractive host for the formation of doped 
nanocrystal [10]. In thin film form, ZnSe and Cu-
doped nanoparticle multilayer composite films 
have been prepared by Hao et al. [11]. Recently, 
a novel oleic acid-controlled hydrothermal route 
was applied to produce ZnSe quantum dots in 
stable solution [12]. In addition to improved 
mechanical and electrical properties, the 
transition from bulk material to nanoparticles is 
expected to yield an increased dominance of 
surface atoms and thus enhancement of the 
material’s chemical reactivity [13]. Another 
special characteristic associated with 
nanoparticles is the controllability of their 
electrical conductivity through external 
manipulation (voltage, flux, absorption and 
emission of photons), making them suitable for 
many kinds of electrical and optical applications 
[14]. Selenides, which are very useful materials, 
have been widely used as thermoelectric cooling 
materials, optical filters, optical recording 
materials, solar cells, supersonic materials, and 
sensor and laser materials [15]. The sol - gel 
method is one of the most popular method since 
its simple and a cheap method. In this study, sol 
- gel dip coating was found play function an 
outstanding role as a soft bottom- up approach to 
achieve nano - sized ZnSe in oxide thin films. 
 

2. METHODOLOGY  
 

ZnSe nanoparticles in SiO2 thin films were 
prepared by sol-gel dip coating technique. The 
sol of SiO2   was firstly prepared from Tetraethyl 
orthosilicate   mixed with deionized water under 
ammonium hydroxide as catalyst.  Then, acetic 

acid was added into the solution to set pH of the 
solution.  After that, zinc acetate dihydrate and 
selenic acid were then added to the solution as 
zinc and selenium sources, respectively.  The 
thin films were deposited on the glass substrate 
using dip coating method at room temperature, 
followed by annealed under argon atmosphere at 
500°C for 1 hour to obtain the ZnSe 
nanoparticles/SiO2 thin film composites.   

 
2.1 Materials Characterization 
 
The phase structure of ZnSe/SiO2 thin films was 
investigated by XRD (Rigaku D/MAX-2400, Cu 
Kα). The relationship of ellipsometric angle with 
wavelength of ZnSe/SiO2 thin composite film 
was investigated through spectroscopic 
ellipsometers (M-2000U1, J.A. WOOLAM. Co. 
Inc).  The field emission scanning electron 
microscopy (FESEM) equipped with EDX 
spectrometer (Zeiss SUPRA 35VP) was used for 
determination of microstructure and elemental 
composition of films. The optical properties of 
thin films have been investigated via 
transmittance measurement using UV-Vis. 
Spectrophotometer (Labomed – UVS 2800) in 
the wavelength range of 200 nm – 1100 nm. A 
Filmetric UV20 was used to determine the film 
thickness.  

 
3. RESULTS AND DISCUSSION 
 
Since the films were prepared with variation of 
the molar ratio of ZnSe/SiO2 (from 5% to 20%), it 
was found that the thickness of the films increase 
with the increasing of ZnSe/SiO2 molar ratio.  
The viscosity of the precursors affected by 
molarities may explain the increasing of film 
thickness. Viscosity of the sol will tend to 
increase with the increasing of the molar ratio of 
ZnSe/SiO2 because the size of ZnSe crystals 
contributed to increasing the overall film 
thickness. The result also indicates that the 
thickness increases significantly when the molar 
ratio of ZnSe/SiO2 has been going up to 20 %. 
This may be the cause of the orientation of the 
ZnSe dot in the SiO2 matrix. When the molar 
ratio of ZnSe/SiO2 increased, a larger number of 
ZnSe dots will embed in the oxide layer. 
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Therefore, the distance between the dots 
became shorter in the deposited films. 

 
3.1 The XRD Analysis 
 

The XRD of ZnSe/SiO2 thin films synthesized at 
500°C shown in Fig. 1. The XRD pattern 
indicated that the structure of ZnSe is sphalerite 
(cubic ZnS) and the intensity of diffraction peak 
of ZnSe phase increases with the increase of 
reduction time. In experiment results showed that 
overlong time and un-sufficient heat treat time is 
disadvantage to prepare of ZnSe/SiO2 thin solid 
films. Our further research works revealed that 
the reaction between selenium and oxygen at 
lower temperature is to occur, which means 
selenium element will escape seriously from the 
samples. At the same time, the selenium dioxide 
also easily decompose in relatively lower 
temperature. That is the reason why the over 
long time is disadvantage to the synthesis of 
ZnSe/SiO2 thin solid films. To ensure the partial 
pressure of selenium element, small amounts of 
metal selenium also sealed in quartz tube stove. 
In the reduction course, oxygen must be 
removed as far as possible under the condition of 
low temperature. That is the important step to 
ensure ZnSe phase. 

 
3.2 The Field Emission Scanning Electron 

Microscope 
 
The (FESEM) images of the samples SiO2 and 
ZnSe/SiO2 thin film composite shown in Fig.1. 
Smooth surface structure was observed in pure 
SiO2 samples as shown in Fig 2 (a) However, 
when ZnSe introduced to SiO2 host material, the 
varied size and structures of ZnSe nanoparticles 
were found embedded in SiO2 and confirmed the 
formation of ZnSe/SiO2 thin film composites as 
shown in Fig. 2(b – f) At lower ZnSe/SiO2 molar 
ratio of 5%, only a little amount of ZnSe particles 
appear in host material of SiO2 films (Fig. 2(b)) 
Significant amount of ZnSe nanoparticles were 
found in the sample with 10% or more ratio. 
From image, we can see that small size of 
spherical shape nanoparticles was randomly 
distributed inside and surface of the host films 
(Fig. 2 (c)) When molar ratio of ZnSe/SiO2 
increases to 15%, there are many nanoparticles 
have embedded in SiO2 film and some of them 
form nanocluster structures. Further increasing in 
molar ratio to 20%; produce the agglomerated 
structures as shown in Fig. 2(e). The EDX 
analysis results on the pure SiO2 thin film and 
ZnSe/SiO2 thin films composite are shown in  

Fig. 3 From EDX result obtained that the only Si 
and O elements detected in the host material of 
pure silica films (Fig. 3(a)) However, EDX 
analysis on a selected composite sample (5 % 
molar ratio) shows the existence of Zn and Se 
elements (Fig. 3(b)) This result may indicate the 
formation of ZnSe compound embedded in the 
SiO2 host film.  Meanwhile, the presence of 
calcium (Ca) element in this sample is come from 
glass substrate. The EDX analysis data for SiO2 
thin films shown in Table 1. The EDX analysis 
data for   ZnSe nanoparticles embedded in SiO2 

thin films presented in Table 2.  
 
From EDX result obtained that the only Si and O 
elements detected in the host material of pure 
silica films (Fig. 2(a)) However, EDX analysis on 
a selected composite sample (5% molar ratio) 
shows the existence of Zn and Se elements  
(Fig. 3 (b))  This result may indicate the formation 
of ZnSe compound embedded in the SiO2 host 
film.  Meanwhile, the presence of calcium (Ca) 
element in this sample is coming from glass 
substrate. 
 

3.3 Electrical Properties 
 
As photocurrent (Iph) rises to a steady state value 
and a peak is observed in rise curves of SnSe 
films.  In materials, having traps in the mobility 
gap, the recombination time of carriers is same 
as carrier life time when free carrier density is 
more than trapped carrier density [16]. The trap 
depth (E) in nanocrystalline ZnSe/SiO2 thin films 
has been calculated using the relation [17], 
 

                
    

  
  
 

 
                                              (1) 

 
Table 1. EDX analysis data for SiO2  

thin films 
 

Element Wt. %  At. % 

O K 58.72 68.73 
Si K  41.28 31.27 

 

Table 2. EDX analysis data for   ZnSe 
nanoparticles embedded in SiO2 thin films 

 

Element Wt. %  At. % 

O K 48.59 64.56 

Zn L  6.05 1.99 

Se L 1.14 0.53 

Si K 43.20 32.30 

Ca K 1.01 0.61 
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Fig. 1. The XRD patterns of ZnSe/SiO2 composite thin films (synthesized at 500 
0
C) 
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Fig. 2. FESEM images of the samples (a) pure SiO2 thin films (b) 5 % (c) 10 % (d) 15 % (e) 20 % 
wt. of ZnSe/SiO2 

 

 
 

Fig. 3a. EDX analysis results on the (a) pure SiO2 thin films 
 

 

 
 

Fig. 3b. EDX analysis results on the (b) ZnSe nanoparticles embedded in SiO2 thin films (5% 
molar ratio) 

 
where I0 is the photocurrent when the illumination 
is stopped, It is the photocurrent at any 
subsequent time, t, after the termination of 
illumination, and S is the frequency factor [18]. 
The frequency factor can be calculated using; 
 

S = Neff ʋth St                                             (2)           

where Neff is the effective density of states in the 
conduction band, vth is the thermal velocity, and 
St is the capture cross section of electrons.  
 
Neff is calculated by conductivity data with an 
assumption that the number of occupied energy 
levels in the conduction band is identical as Neff. 
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For the calculation of S, the values of mobility, 
thermal velocity, dielectric constant, and effective 
mass of an electron in ZnSe are considered from 
[19]. The calculated values of Neff and S are 
represented in Table 3. The crystallite grain size 
of the ZnSe/SiO2 thin film was calculated using 
the Scherrer’s formula;  
 

   
  

      
                                                               (3) 

 

Where k is about 0.94 and β is the Full Width at 
Half Maximum (FWHM). 
 

The trap depths for these films are calculated 
using the slopes of ln (I0 / It) vs. time plots and S. 
The different values of trap depths are also 
systematically presented in Table 3. One part of 
the photo-generated carriers recombines with 
respective opposite charges localized at grain 
boundary depletion regions, thereby reducing the 
grain boundary potential barriers and the rest 
take part in the photoconduction process. As a 
result of the reduction of φb, the effective mobility 
of the carrier’s increases. This process is known 
as barrier modulation. The decrease in φb also 
leads to increase in effective mobility, thereby 
increasing the conductivity of the sample. Thus, 
the increase in photoconductivity has two main 
contributors. One from the resultant increase in 
the photo generated carriers and the other from 
the increase in the effective mobility. 
 

3.4   Effect of Annealing on ZnSe/SiO2 
Thin Films 

 

The thin films were deposited on the glass 
substrate using dip coating method at room 
temperature, followed by annealed under argon 
atmosphere at 500°C for 1 hour to obtain the 
ZnSe/SiO2 thin film composites.  
 

3.5 DC Conductivity Measurements 
 

Fig. 4 shows the temperature dependence of 
dark conductivity (σd) for the as-deposited and 
annealed thin films of ZnSe/SiO2 in the 
temperature range 250 – 400 K. The values of σd 
for as-deposited and annealed ZnSe/SiO2 
composite films are found to be (1.76 ± 0.02) 
×10

-6
 Ω 

-1
cm

-1
 and (3.11 ± 0.02) ×10

-6
 Ω 

-1
cm

-1
. 

Kale et al. [20] found the conductivity of the order 
of 10

-7
 cm

-1
, which is in good agreement with the 

present results. The value of σd increases on 
annealing ZnSe/SiO2 composite film. This 
increase in σd is due to increase in particle size 
on annealing [21]. The plots of ln σd vs. 1000/T 
in Fig. 4 are straight lines in the measured 

temperature range which means the conduction 
in ZnSe/SiO2 thin films is an activated process 
having single activation energy.  The activation 
energies for dc conduction are calculated from 
the slopes of ln σd vs.1000/T curves and given in 
Table 4. The increase in electrical conductivity 
and activation energy after annealing may be 
due to the change in structural parameters, 
improvement in crystallite and grain size, 
decrease in inter-crystallite boundaries (grain 
boundary domains) and removal of some 
impurities (adsorbed and absorbed gases). 
Excess atoms of compound are also possible 
[22] due to a small change in stoichiometry after 
annealing. 
 

3.6 Steady State Photoconductivity 
 

Fig. 5 shows the temperature dependence of 
photoconductivity for as deposited and annealed 
ZnSe thin films. The values of photoconductivity 
are calculated to (8.67±0.02) × 10

-6
 Ω 

-1 
cm

-1
, and 

(1.19±0.02) × 10
-5

 Ω 
-1

 cm
-1

 for as deposited and 
annealed thin films. The photo activation 
energies (Δɛph) are calculated using the slopes of 
curve shown in Fig. 5. The activation energies for 
photoconduction are much smaller than for the 
dark conduction. The value of σph increases with 
the annealing.  No maximum in the steady state 
photoconductivity with temperature has been 
observed in the measured temperature range. 
Photosensitivity is found to increase after 
annealing. 
 

3.7 Transient Photoconductivity 
 

Fig. 6 shows the rise and decay curves of Iph for 
as deposited and annealed ZnSe/SiO2 thin films. 
As Iph rises to a steady state value and a peak is 
observed in rise curves of ZnSe/SiO2 composite 
films. During decay, the photocurrent does not 
reach zero for a long time after the incident light 
is switched off. A persistent photocurrent is 
observed in both the cases. This type of 
photoconductive decay has also been reported in 
various other semiconductors [23-25]. The decay 
of Iph is slow for all ZnSe/SiO2 composite film. 
 

The values of decay constant (τd) at different 
times have been calculated using Equation;  
 

     
 

   
 
     

  
                                    (4) 

 

for as deposited and annealed ZnSe/SiO2 thin 
films from the slopes (at different times) of decay 
curves of Fig. 6.  The value of      as  given  in  
Table 4  increases  with  time  which indicates 
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that the traps are present at all the energies in 
the band gap of all samples. These traps have 
different time constants and hence giving the 
non-exponential decay of photoconductivity.   
Fig. 6 shows the plots of ln     vs. ln t for all 
samples at intensity 8450 lux. The extrapolation 
of the curves at t = 0, give the values of the 
carrier life time and are found to be, 2.16 and 
2.23 seconds for as deposited and annealed 
films respectively. Clearly, the carrier life time 
increases on annealing the film. The straight 
lines in Fig. 7, obey a power law of the form t

-N
 , 

with N = d(ln    /ln t) and the values of N are 

found to be 0.362 and 0.418 for as-deposited 
and annealed ZnSe thin films respectively. 
 

3.8  Current Voltage (I-V) Characteristics 
 
I-V graph of as-deposited time varying ZnSe thin 
films prepared is shown in Fig. 8. During I-V 
measurement, the supply voltage was 0-20 Volts. 
From the Figs. 8 and 10, it is observed that the I-
V graph shows the ohmic nature of ZnSe/SiO2 
thin films [26]. From Figs. 8 and 9, it is observed 
that the I-V slop of the time varying ZnSe/SiO2 
film are almost similar. 

 
Table 3. Some electrical parameters for ZnSe/SiO2 thin films with different crystallite grain 

sizes 
 

Grain size (nm) Neff (cm 
-3

) S (s
-1

) E1  (eV) E2  (Ev) E3 (Ev) 

22.2 6.68 × 10
11

 1.68 × 10
7
 0.48 0.47 0.46 

18.5 1.79 × 10
9
 4.50 × 10

4
 0.27 0.26 0.25 

06.7 1.17 × 10
10

 2.96 × 10
5
 0.32 0.31 0.30 

 
 

 
 

Fig. 4. Plot of ln σd vs. 1000/T of [a] as-deposited [b] annealed ZnSe/SiO2 thin films 
 
 

 
 

Fig. 5. Plot of ln σph vs. 1000/T of [a] as-deposited and [b] annealed ZnSe/SiO2 thin films 
 



 
 
 
 

Attia; JMSRR, 2(2): 199-211, 2019; Article no.JMSRR.47105 
 
 

 
206 

 

 
 

 
 

Fig. 6. The rise and decay curves of Iph for [a] as-deposited and [b] annealed ZnSe/SiO2 thin 
films 

 

Table 4. List of various electrical parameters for as deposited and annealed ZnSe/SiO2 thin 
films 

 

ZnSe/SiO2  
thin films 

σd  
(Ω 

-1
 cm

-1
) 

  Δɛd  
 (eV) 

σph  
( Ω 

-1
 cm

-1
) 

Δɛph    
 (eV) 

σph / σd lnτ d(t=0)  
(sec) 

As-deposited 1.76×10
-6

 0.75 8.67× 10
-6

 
 

0.41 4.92 2.163 

Annealed 3.11×10
-6

 0.97 1.19× 10
-5

 0.63 3.84 3.84 
 

 
 

Fig. 7. Plot of ln τd vs. ln t for [a] as-deposited and [b] annealed ZnSe/SiO2 thin films 
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Fig. 8. I-V characteristics graph of as-deposited ZnSe/SiO2 thin films  
 

 
 

Fig. 9. I-V characteristic graph of as-deposited ZnSe/SiO2 thin film 
 

3.9 Optical Properties  
 

The optical properties of thin films have been 
investigated via transmittance measurement 
using UV-Vis. Spectrophotometer (Labomed – 
UVS 2800) in the wavelength range of 200 nm – 
1100 nm. The results show that the transmission 
of thin films is decreases when increase the 
molar ratio of ZnSe/SiO2 as shown in Fig.  9(a).  
It may be caused by the thickness of film 
composite which was found lightly increases 
from 125.9 nm (5% molar ratio) to 135.5 nm 
(20% molar ratio) with increment of molar ratio.  
In Fig.  9(a), the highest transmittance of film 
composite is 54.6% for 5% ZnSe/SiO2 molar 
ratio.  The lowest transmittance value of 36.7% 
was obtained for the sample with 20% ZnSe/SiO2 
molar ratio. Transmittance values of other 
samples are lies in between the two samples. 
This high transmission value is in line with the 
fact that ZnSe is a semiconductor material with 
large band gap energy. For comparison, in     
Fig.  9(a) also shows the transmission spectra for 
empty glass substrate as the highest among 
them which is up to 87.4%.  The curves also 

show that optical absorption edges are slightly 
blue-shifted at different molar ratio. Interestingly, 
we can see from the curves, the strong 
absorption peaks are lies at about 275 nm 
wavelength for several films with different molar 
ratios of ZnSe/SiO2.   

 
The optical absorption coefficient, α was 
calculated using well known relation; 

 

α   
 

 
    

 

 
                                        (5)     

 
The absorption coefficient was calculated by 
processing the recorded optical spectra of thin 
film composites according to equation 5.  The 
explored spectral range is region of intrinsic 
absorption [26]. In this spectral range the 
electronic transitions from valence band to 
conduction band produce free charge carriers. 
Fig.  9(b) shows graph of absorption coefficient 
against photon energy at different molar ratios.  
The absorption coefficient for ZnSe/SiO2   thin 
film composites lies in the range of 6 x10

4
 to 

1.3x10
5
 cm

-1
 for the photon energies range of 2.0 
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–  4.5 eV.  The curve shows that absorption 
coefficient is increases with photon energy. 
There are at least three strong absorption peaks 
have been detected in the curves with absorption 
coefficient values of 132013, 118380 and 93529 
cm

-1
 corresponding to the samples prepared by 

ZnSe/SiO2 molar ratio of 12 %, 10% and 15%, 
respectively (Fig.  9(b)).  However, the samples 
prepared of 5% and 20 % ZnSe/SiO2 molar ratio 
show the flat curve of absorption coefficient 
which were saturated at 81187 and 79682 cm

-1
, 

respectively.   
 

Type of optical transition can be determined 
using the following equations [27]. For indirect 
transition is: 
 

α              
                               (6) 

 

where α is absorption coefficient, Eg is energy 
gap, A is a constant, h is Planck constant, v is 
photon frequency and Ep is phonon energy, 
either absorbed (+) or emitted (-). Theoretically r 
= 2 for indirect allowed transition and r = 3 for 
indirect forbidden transition. 
 

The optical energy gap was determined from the 
absorption spectra of direct allowed transition: 
 

 α                                                (7) 

 
Fig. 10 shows graph (αhv)

2
 versus photon energy 

(hv) for samples prepared at different molar ratio 
of ZnSe/SiO2.  By extrapolation of linear portion 
of (αhv)

2 
versus hv curves obtained the band gap 

energy of 3.7, 3.8, and 3.9 eV for samples with 
ZnSe/SiO2 molar ratio of 15 %, 12%, and 10 %, 
respectively. However, lower band gap energy 

values of 2.6 and 2.7 eV obtained for the 
samples 20 % and 5 % molar ratio, respectively. 
The band gap energies for the samples prepared 
by 10 %, 12 % and 15 % ZnSe/SiO2 molar ratio 
are much higher if compared to the band gap 
energy value of ZnSe bulk material, which is 
about 2.7 eV at room temperature [28]. These 
band gap value of the three samples also higher 
than ZnSe/SiO2 thin films prepared by chemical 
bath deposition (which is 2.9 eV) [29, 30] and in 
a good agreement with those reported by Jun et 
al.  [31] for zinc selenide quantum dots prepared 
via a temperature controlled molecular precursor 
approach.  The blue shift of band gap energy at 
room temperature is due to the confinement 
effects.  In other words, the ZnSe crystals 
behave as quantum dots or have three 
dimensionally confined structures. Even though, 
the band gap energy of the samples prepared by 
5 % and 20 % ZnSe/SiO2 molar ratio are very 
close to bulk material value. This phenomenon 
may be due to increases the size of ZnSe dots at 
higher ZnSe/SiO2 molar ratio (20 %) and SiO2 
play role in lower molar ratio (5 %). The high 
ZnSe/SiO2 molar ratio (20 %) may also cause the 
poor crystallization of ZnSe dots and distributed 
randomly in the film.  Changing the geometry of 
the surface of the quantum dot also changes the 
band gap energy, owing to the small size of the 
dot, and the effects of quantum confinement. 
Size of the band gap is controlled by the size of 
the dot. More shifts from bulk value will occur 
with the decrease in the size of quantum dots.  
Because the 20 % ZnSe/SiO2 thin film contains 
the quantum dots in bigger size, so the band gap 
energy is near to bulk material with just a little 
energy shifts from the bulk condition. 
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Fig. 9. (a) Transmission versus wavelength, and (b) absorption coefficient against photon 
energy of different ZnSe/SiO2 molar ratios 

 

 
 

Fig. 10. (αhv)
2
 versus photon energy (hv) for samples prepared at different molar ratio of 

ZnSe/SiO2 
 

4. CONCLUSIONS 
 
In the present work, the optical properties of thin 
film composite have been investigated via 
transmittance measurement in the UV-Visible 
wavelength range. It was found that the 
transmittance is decreased with increase of the 
ZnSe/SiO2 molar ratio.  The maximum 
transmission is 54.6% for 5 % ZnSe/SiO2 film 
and decreases to 36.7% for 20 % ZnSe/SiO2 
film, as the thickness increases from 125.9 nm to 
135.5 nm.  Further observation shows that the 
optical transition in ZnSe/SiO2 thin film is direct 
transition with band gap energy in the range of 
2.6 - 3.9 eV. Also, increase in the photo-
generated carriers known as carrier modulation 
and increase of effective mobility known as 
barrier modulation. In the present case, trapping 
centers are responsible for controlling the 

photocurrent. Both shallow and deep traps are 
found to be available in these films. The 
observed trap depths are not single valued, and 
there is a quasi-continuous distribution of various 
traps. The conductivity of as deposited and 
annealed ZnSe thin films are found to be of the 
order of 10

-6
 - 10

-5
 cm

-1
.  The value of 

conductivity increases after annealing.  Also, 
conductivity is found to be less for films having 
smaller particle size. The photoconductivity is 
found to increase with increase in particle size on 
annealing the film. In the measured temperature 
range no maximum in the steady state 
photoconductivity with temperature has been 
observed. The slope of decay curves goes on 
decreasing continuously as the time of decay 
increases. This indicates that the traps are 
present at all the energies in the band gap of all 
samples. The non-exponential decay of 
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photocurrent in thin films (both as-deposited and 
annealed) is confirmed by the increase in the 
value of decay time constant with increasing 
time. 
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