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The present paper reports the electrical and optical properties on nanocrystalline CdSe (n-CdSe) thin films before and after 
thermal treatment. The absorption coefficient (α) and band gap (Eg) are calculated using transmission curves. The crystallite 
size is calculated using XRD and also from the measured band gap shift with respect to bulk value. The dark conductivity 
(σd) measurements indicate that the conduction in this material is through an activated process having single activation 
energy in the investigated temperature range (253–370 K). Steady state photoconductivity (σph) measurements are done as 
a function of temperature and intensity. Results show that the above properties change drastically after the thermal 
treatment. 
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1. Introduction 
 
In recent years, there has been an increasing interest in 

the area of nanophase materials, which encompasses 
structures such as nanoclusters, quantum dots etc. [1–3]. 
Low dimensional materials are an exciting class of 
materials whose properties lie between those of atomic/ 
molecular clusters and bulk materials. Reduction in 
particle size leads to changes in the electronic structure, 
thereby, influencing the density of states (DOS). A key 
aspect of semiconductors in a nanocrystalline thin film 
form is the modification of the energy levels and the 
density of states owing to the confinement of the charge 
carriers. The charge carriers are localized in nanocrystals 
and this leads to a blue shift in the band gap [4,5]. 
Semiconductor nanoparticles exhibit size-dependent 
electronic band gap energies [6], melting temperatures [7], 
soild-solid phase transition temperatures [8] and pressures 
[9]. It is important for such systems to have useful 
luminescence as well as photoconductivity characteristics, 
which can then be tailored through size control. 

CdSe is well known as a very good photoconducting 
material. It has been investigated for many years for its 
potential applications in electrography, photoconducting 
and photovoltaic cells, thin film transistors and lasers [10]. 
The use of CdSe in photoconductivity results in detectors 
with a faster response than CdTe photodetectors. CdSe 
films have been used to fabricate photoelectrochemical 
(PEC) cells with higher efficiency [11–13]. Simulations 
indicate that about 30% efficiency can be achieved with a 
four-terminal thin-film tandem structure using CdSe [14]. 
The properties of nanomaterials are critically dependent on 
the nature of preparation technique and subsequent heat 
treatments like annealing in air, vacuum or different 
gaseous environments like H2, Ar, N2 etc [15].  

The present paper reports the effect of annealing in 
vacuum, on the properties of n-CdSe thin films deposited 
by inert gas condensation method using Ar as carrier gas. 
n-CdSe thin films have been deposited at a partial pressure 
of 2×10-1 mbar and room temperatures (298 K). Optical 
measurements have been taken at room temperature and 
the different parameters like absorption coefficient (α) and 
band gap (Eg) have been calculated. The steady state 
photoconductivity is studied as a function of temperature 
(253-370 K) at intensity 8450 Lux. The intensity 
dependence of the photoconductivity is studied at 298 K. 
Section 2 describes the experimental details. The results 
have been presented and discussed in section 3. The last 
section deals with the conclusions of this work.  

 
 
2. Experimental procedure 
 
The semi conducting Cd30Se70 was prepared from its 

constituents (5N pure) by melt-quenching technique as 
described earlier [16]. Thin films of this material were 
prepared in a conventional vacuum coating system on well 
degassed Corning 7059 glass substrates. Before the 
deposition, the substrates were cleaned chemically. Then 
these were heated at 120 oC to remove any moisture or 
methanol present. The vacuum chamber was evacuated to 
2×10-6 mbar before the deposition. The Ar gas was 
introduced into the chamber through specially designed 
inlet tube having a jet of diameter ~ 0.5 mm. This jet was 
kept adjacent to the evaporation boat pointing towards the 
glass substrates. The vacuum chamber was purged several 
times with spectroscopic grade Ar gas to remove any 
residual gas impurities. Thermal evaporation of the 
material was carried out from the Mo boat. Finally, CdSe 
was evaporated at Ar gas pressure of 2×10-1 mbar and 298 
K. The distance between the source and the substrate was 
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about 7 cm. This film is then annealed at 473 K for one 
hour. Annealing is done in vacuum of ~ 2×10-3 mbar. 

Crystallographic study was carried out before and 
after annealing using a Phillips PW-1710 X-ray 
diffractometer using CuKα radiation in the 2θ range from 
10○ to 70○. To study the optical properties of n-CdSe thin 
films, the transmission spectra were recorded using 
Monochromator-spectrograph [SOLAR TII, MS 2004] in 
the transmission range 400-1000 nm for all samples. The 
electrical measurements of these thin films were carried 
out in a specially designed metallic sample holder where 
heat filtered white light of intensity 8450 Lux (200 W 
tungsten lamp) was shown through a transparent glass 
window. A vacuum of about 10-3 mbar was maintained 
throughout these measurements. Light intensity was 
measured using a digital luxmeter (MASTECH, MS6610). 
Planar geometry of the films (length ~ 1.0 cm; electrode 
gap 8×10-2 cm) was used for the electrical measurements. 
Thick In electrodes were used for the electrical contacts. 
The film thickness was measured to be ~ 100 nm with the 
commonly used weight difference method. The 
photocurrent (Iph) was obtained after subtracting the dark 
current (Id) from the current measured in the presence of 
light. The dark- and photo- current was noted manually 
using a digital picoammeter (DPM-11 Model). The 
accuracy in Iph measurements was typically 1 pA.   

 
 
3. Results and discussion 
 
3.1 Structural and Optical Properties 
 
The spectrum in Fig. 1 (i) shows the diffraction 

spectrum of n-CdSe thin film before (as-deposited) and 
after annealing. In as-deposited film there is a highest 
intensity reflection peak at 2θ = 25.3○ [111], with two 
small another intensity peaks at 2θ = 41.8○ [220] and 49.5○ 
[311]. Some new peaks at 2θ = 24.1○ [100], 27.4○ [101], 
35.4○ [102] and 45.9○ [103] are observed for the annealed 
film and the intensity of peaks is increased after annealing. 
The broad hump in the background [Fig. 1 (i) (a)] is due to 
the amorphous glass substrate and also due to some 
amorphous phase present in the n-CdSe thin film. The 
comparison of observed ‘d’ values with standard ‘d’ 
values [17,18] confirms that the as-deposited film is 
having sphalerite cubic (zinc blende type) nanocrystalline 
structure while the new peaks in annealed film are due to 
hexagonal phase present in it.   

Information of the strain and the particle size are 
obtained from the full width at half maximum (FWHMs) 
of the diffraction peaks.  The FWHMs (β) can be 
expressed as a linear combination of the contributions 
from the strain (ε) and particle size (L) through the 
following relation [19] 

 

λ
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θβ sin1cos

+=
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                             (1) 

Fig. 1 (ii) represents the plots of (βcosθ)/λ versus (sin θ)/λ 
for both films which are straight lines. The slope of the 

plots gives the amount of residual strain, which turns out 
to be -8.13×10-2 and 6.39×10-3 for as-deposited and 
annealed films. The reciprocal of intercept on the 
(βcosθ)/λ axis gives the average particle size as ~ 3.9 nm 
and 20.8 nm respectively. The increase in the particle size 
from 3.9 nm to 20.8 nm with annealing shows the 
improvement in the crystallinity of the film. The negative 
value of residual strain for the as-deposited film indicates 
the compressive strain. The annealed film has positive 
value of residual strain indicating the strain in this film is 
tensile. If the film is deposited free from impurities, the 
compressive strain is generated at the thin film substrate 
interface, when the very small crystallites are bonded to 
substrates due to surface tension effect. 
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Fig. 1. (i) XRD patterns and (ii) Size and strain analysis 
plots for (a) as-deposited and (b)  annealed  n-CdSe  thin  
                                       films. 

              
                                                                     

Optical properties are studied by recording the 
transmission spectra of the films. From the transmission 
data, nearly at the fundamental absorption edge, the values 
of absorption coefficient (α), are calculated in the region 
of strong absorption using the relation: 
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The fundamental absorption, which corresponds to the 
transition from valence band to conduction band, can be 
used to determine the band gap of the material. The 
relation between α and the incident photon energy (hν) can 
be written as [20]                                                  

                                                                                                                                                                                                             

    
( )
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ν

α
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where A is a constant, Eg is the band gap of the material 
and the exponent n depends on the type of transition. The 
n may have values 1/2, 2, 3/2 and 3 corresponding to the 
allowed direct, allowed indirect, forbidden direct and 
forbidden indirect transitions, respectively. 
 
 

 
Table 1. Representation of strain, particle size and band gap for as-deposited and annealed n-CdSe thin films. 

 
Film                 Strain                      Particle size (nm)                  Band Gap 

                                      XRD       Optical  (eV) 

As-deposited              -8.13×10-2                 03.9            2.24          (2.22 ± 0.01) 

Annealed               6.39×10-2                 20.8            3.61          (1.90 ± 0.01) 

  

In case of nanocrystalline films, there may be some 

deviation from a bulk like transition. Now Eq. (3) may be 

written as  
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The above equation indicates that the plot of 
d{ln(αhν)}/d(hν) vs hν must have a divergence at an 
energy value equal to Eg, where the transition takes place.  
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Fig. 2. (i) Variation of d{ln(αhν)}/d(hν) with energy and 
(ii) plots of ln (αhν) vs ln (hν – Eg) for (a) as-deposited 

and (b) annealed n-CdSe thin films. 
 

Fig. 2 (i) shows the plots of d{ln(αhν)}/d(hν) vs hν for 
as-deposited and annealed films, with discontinuity at 2.18 
eV and 1.80 eV respectively.  Taking these values as the 
optical gap of n-CdSe thin films, ln (αhν) vs ln (hν – Eg) 
graphs are plotted. From the slope of these straight line 
graphs [Fig. 2 (ii)], value of n has been calculated to be 
0.49, and 0.54 respectively, which are close to 0.5 
indicating that the transition is direct. The value of optical 
gap is calculated by extrapolating the straight line portion 
of (αhν)1/n vs hν graph to hν axis taking n = 0.5. Fig. 3 
shows the plots of (αhν)2 vs hν for as-deposited and 
annealed thin films. The correct values of the optical gap 
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calculated from the figure are (2.22 ± 0.01) eV and              
(1.90 ± 0.01) eV for as-deposited and annealed thin films. 
The value of optical gap is found to decrease after 
annealing. These values of optical gap are inserted in 
Table 1. Clearly, the observed values of Eg are higher than 
the value of bulk optical gap of CdSe [(1.74 ± 0.01) eV] 
[21] due to quantum confinement in the CdSe 
nanocrystallites.   
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Fig. 3. Variation of (αhν)2  with energy for (a) as- 

deposited and (b) annealed n-CdSe thin films. 
 

 
From the blue-shift of the band gap (Eg), we can 

calculate the average diameter of the particles using 
relation [22,23], since change in the value of Eg suggests 
weak confinement of the exciton:    
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where Eshift is the shift in the band gap, μ the 

translation mass (mhole + melectron) and R the radius of the 
nanoparticles. This formula is applicable in our case as we 
are well below the strong confinement regime and hence 
observe the effects due to weak confinement of the exciton 
only. We have calculated the average diameter of the 
particles using Eq. (5) as ~ 2.24 nm and 3.61 nm for as-
deposited and annealed n-CdSe thin films respectively. 
These values do not agree with the calculated values from 
the XRD data (Table 1). Infact, the experimentally 
measured crystalline size in the small size regime does not 
agree well with the size estimated from the blue shift using 
effective mass approximation [24]. The disagreement in 
size estimated by XRD and the blue shift can be assigned, 
therefore, to the non-spherical geometry of nanoparticles. 

 
 
3.2 Electrical Properties 
 
Fig. 4 (i) shows the temperature dependence of dark 

conductivity (σd) for as-deposited and annealed n-CdSe 
thin films in the temperature range 253-370 K.   
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Fig. 4. Temperature dependence of (i) dark conductivity 
and (ii) photo conductivity for (a) as-deposited and (b) 

annealed n-CdSe thin films. 
 
 

The electrical conductivity shows typical Arrhenius 
type of activation 
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where ΔE is the activation energy for conduction and k is 
the Boltzmann’s constant. The values of σd, calculated 
using Eq. (6), are (4.62 ± 0.02)×10-8 Ω-1cm-1 and (7.23 ± 
0.02)×10-8 Ω-1cm-1 for as-deposited and annealed n-CdSe 
thin films respectively. The value of σd increases as the 
particle size of n-CdSe increases. The increase in 
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conductivity after annealing in these films is attributed to 
the improvement in crystallite size of films [15,25]. The 
increase in electrical conductivity and activation energies 
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 [26] due to a small change in stoichiometry after 
annealing. Fig. 4 (ii) shows the temperature dependence of 
photoconductivity (σph) for as-deposited and annealed thin 
films. The values of σph, calculated using Eq. (6), are 
found to be (2.93 ± 0.02)×10-7 Ω-1cm-1 and (4.22 ± 
0.02)×10-7 Ω-1cm-1 for as-deposited and annealed thin 
films respectively. The photo activation energy (ΔEph) has 
been calculated using the slopes of Fig.4 (ii) and are 
inserted in the Table 2. The value of σph increases on 
annealing of n-CdSe thin film. The activation energy for 
photoconduction is much smaller than dark conduction. 
No maximum in the steady state photoconductivity with 

temperature has been observed in the measured 
temperature range. Photosensitivity (σph/σd) is found to 
decrease after annealing.  

Intensity (F) dependence of steady state 
photoconductivity has also been studied to see the nature 
of recombination processes in all samples. The plot of 
lnσph vs lnF are straight lines (result not shown), 
indicating that σph follows a power law with F, i.e. σph ∝ 
Fγ, with 0.5 ≤ γ ≤ 1.0. According to Rose [27], the value of 
γ  between 0.5 and 1.0 can not be understood by assuming 
a set of discrete trap levels but considering the existence of 
continuous distributions of trap levels in the band gap. In 
as-deposited and annealed thin films, the values of γ  are 
found to be in between 0.5 and 1.0, which indicate that 
continuous distribution of localized states exists in the 
mobility gap of the present materials and the resulting 
recombination mechanism is bimolecular [27], where the 
recombination rate of electrons is proportional to the 
number of holes. 

  
Table 2. Representation of dark-, photo-conductivity, dark-, photo-activation energy, γ and photosensitivity for as-deposited and 
annealed n-CdSe thin films. 

 
    Film                      σd                                           σph                      ΔEd                  ΔEph                     γ       σph/σd   
                 (Ω-1 cm-1)                 (Ω-1 cm-1)              (eV)                 (eV)                        

 

As-deposited   (4.62 ± 0.02)×10-8  (2.93 ± 0.02)×10-7  (0.31 ± 0.01)  (0.17 ± 0.01)   0.51      6.34 

Annealed        (7.23 ± 0.02)×10-8  (4.22 ± 0.02)×10-7  (0.58 ± 0.01)  (0.30 ± 0.01)   0.58      5.81 

     

 
4. Conclusions 
  
As-deposited and annealed CdSe thin films are 

nanocrystalline in nature. As-deposited film is found to 
have sphalerite cubic nanocrystalline structure while 
hexagonal character starts increasing when films annealed 
in vacuum at 473 K for one hour. The particle size 
increases from 3.9 nm to 20.8 nm (XRD) after annealing. 
The strain is found to decrease from -8.13×10-2 to 
6.39×10-3 after annealing. The strain in as-deposited film 
is compressive while annealed film is having tensile strain. 
A blue shift in the fundamental edge has been observed 
which may be due to the confinement effects. There is a 
blue shift of 0.48 eV and 0.16 eV as-deposited and 
annealed n-CdSe thin films respectively. The values of 
particle size calculated from blue shift are found to 
increase from 2.24 nm to 3.61 nm respectively. The value 
of σd and ΔEd increases as the particle size of n-CdSe 
increases. Steady state photoconductivity studies indicate 
that there is continuous distribution of localized states.  
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