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The zinc selenide (ZnSe) thin films of thicknesses 1.60µm and 1.64µm were chemically 
deposited on well cleaned glass substrate at room temperature. The films are 
polycrystalline with cubic structure, confirmed by x-ray diffractogram. The optical spectra 
of zinc selenide thin films were recorded in the wavelength range of 0.36µm and 1.10µm. 
The spectral absorption data shows that the films absorb in the ultra violet range of 0.36-
0.45 microns and have almost zero absorbance in VIS-IR regions of the spectrum. The 
films have average index of refraction of 2.0. The plot of α² versus h� showed a direct 
band gap range of 2.70eV-2.75eV. The band gap is found to decrease with increase in film 
thickness. 
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1. Introduction 
 
The 11-VI semiconductor compounds are important optoelectronics, luminescent and laser 

materials. Intensive research has been performed in the past to study the fabrication and 
characterization of these compounds in the form of thin films. Zinc selenide is a widely used 11-VI 
semiconductor. It is one of the most interesting binary wide band gaps of about 2.7eV at room 
temperature. It has cubic/or hexagonal crystal structure.  It is considered as an important 
technological material due to their potential applications in various optical and electronic devices 
and as window material for thin film hetero-junction solar cells (Scitz et al, 2002 and Hariskos et 
al,2005). The properties of interest in most of these applications are the energy band gap, film 
thickness and the wavelength of transmission or absorption of the films. Various methods have 
been employed for deposition of ZnSe thin films, which include thermal evaporation, 
electrochemical deposition and chemical bath deposition (Kale et al,2006 andOkereke and 
Ekpunobi 2011). The chemical bath deposition technique (Wang et al, 1999) has been found to be 
an inexpensive and simple low temperature method that could be used to produce good quality 
film for device applications. It is well studied and produces films that have comparable structural 
and opto-electronic properties to those produced using other sophisticated thin film deposition 
technique. This paper reports the chemical bath deposition of ZnSe thin films from an aqueous 
solution bath containing Zn (NO3)2 and SeSO3, using EDTA as the complexing agent. X-ray 
diffraction which illustrates the formation of this material as well as its optical properties is 
presented. 
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orientations (111), (220) and (311) with the dominant orientations at (111) of pulsed 
electrodeposited ZnSe films.  The results show that the greatest intensity is in (111) plane. This 
confirmed that the preferred orientation lies along the (111) plane which confirmed that the 
polycrystalline ZnSe were deposited in this work.  

 
 
3.2 optical properties of ZnSe films: 

 

 
 

Fig. 2: Spectral absorbance of ZnSe films 
 

The optical absorption spectra of ZnSe films deposited onto a glass substrate were studied 
at room temperature in the wavelength range of 0.360µm-1.10µm.  The optical absorbance and 
transmittance spectra were obtained for the film deposited at different duration’s 15-18hrs. The 
variation of optical absorbance with wavelength in figure-2 reveals a very low absorption of 
energy in the VIS-IR regions and sometimes close to zero and high absorptionin ultra violet region 
with a peak value of 3. This makes the film a good window layer for solar cell application.  The 
low absorption of energy makes ZnSe useful for optical components in high laser window and 
multispectral applications, providing good imaging characteristics (Devyatykh et al, 1993). The 
optical absorbance decreases as the film thickness increases.  
 

 

 
 

Fig. 3. Spectral transmittance of ZnSe 
 

The transmittance spectra in figure -3 indicate a high transmission which is greater than 
80% in VIS &IR regions of the spectrum. The higher transmittance in the visible regions makes it 
a strong candidate for use in optoelectronic devices. The spectra also reveal wide transmission 
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range covering 0.4µm – 1.10µm. This makes the material useful in manufacturing optical 
components, windows, mirrors, and lenses for high power IR laser (Lokhandeet al, 1998).  The 
film thickness increases as the optical transmittance increases. 
  

 
 
 

Fig. 4. Plot of α2versus photon energyfor ZnSe 
 

Figure- 4 shows the plot of α2 versus h� of ZnSe film. The linear dependence showed by 
α2 with h� indicates that the transition is direct. The band gaps were determined by extrapolating 
the straight portion to the energy axis at x = 0. The energy gaps were foundto be between 2.70eV  - 
2.75eV which were in good agreement with earlier reports by Murali and Xavier 
(2009)andMahalingamet al, (2007) who presented a band gap of 2.64 – 2.68 eV and 2.66 eV 
respectively. The wide band gap possessed by ZnSe film makes it likely candidate to replace 
material like GaN in light emitting laser diodes (Gutowski et al, 2002). Figure- 4 shows that the 
band gap decreases as the film thickness increases. The variation of film thickness with energy 
band gap of ZnSe film is shown in table-2. 
 
 

Table-2:Variation of band gap with film thickness. 
 

Reaction Bath Film Thickness 
        (µm) 

Time of Deposition 
(hr) 

Band gap 
      (eV) 

T26 1.60 15 2.75 

T27 1.64 18 2.70 

 
It is found thatthe band gap of zinc selenide is thickness dependent. The increase in film 

thickness results in decrease in energy band gap of ZnSe films. This is true because with increase 
in film thickness the individual levels of the free atoms will broaden the energy bands and create 
overlapping levels .This occurs when atoms are brought closer to each other.  Hence with high 
film thickness there are several energy levels resulting in several overlapping energy bands in the 
band gap of these films. The overlapping energy bands therefore tend to reduce the energy band 
gap, Okujiagu (1992), Okujiagu and Okeke (2000a and b) resulting in lower band gaps for thicker 
films. 
 
 
 

0

0.01

0.02

0.03

0.04

0.05

0.06

0.07

0.08

0 1 2 3 4

α
² 

x1
0¹

²(
m
⎯²

)

photon energy (eV) 

T26

T27



 

with in
2.4. Th
refract

 

are sho
that th
in the 
mainta
illumin
interio
predom
exterio
should
 
 

 

Figure-5 sh
ncrease in fi
hese results 
tive index po

The extinc

The range 
own in figur

he films have
UV region

aining cool in
nated. It is i

or is inhibite
minantly tran
or. It was, the
d be strengthe

 
 
 

R
ef
ra
ct
iv
e
in
d
ex

n

Fig. 5: Plo

hows the plo
ilm thickness
are in close 

ossessed by Z
ction coeffici

of values ob
re-6. The ext
e the least ab
. These opti
nterior in bu
important to
ed. And en
nsfers the th
erefore, sugg
ened while e

0

0.5

1

1.5

2

2.5

0

R
ef
ra
ct
iv
e
 in
d
ex
,n

ot of refractiv

ot of refractiv
s.The figure
agreement w

ZnSe films m
ient (k) was e

btained for it
tinction coef
bsorption in t
ical properti
uildings in w
o ensure tha
nhanced con
hermal energ
gested in (Na
encouraging l

1

Photon

 
 
 

ve index versus
 

ve index (n) 
displays a h

with what w
made it suitab
estimated fro

t is 4.2-10.2. 
fficient decre
the VIS and 
ies makes Z

warm climate
t the therma

nvective hea
gy dissipate
air and Nair 
low thermal 

2

n energy,hv

s photon ener

as a functio
high refracti

was reported 
ble as anti-ref
om 

Graphs of k
eases as the t

IR regions b
ZnSe  thin f
e regions wh
al radiation 
at transfer o
d in the gla
1989) that re
emittance.  

3

v(eV)

rgy of ZnSe 

n ofphoton e
ve index wi
by Kale et a

flection. 

k as a functio
thickness inc
but very high
films nice g
ile still keep
from the w

of the glazin
azing due to
eflectance in

4

T26

T 27

 

energy. It de
th a range o
al,  (2006).Th

on of photon 
creases. This
h rate of abs
lazing mater

ping the room
arm glazing
ng to the e

o absorption 
n the spectral

6

7

109 
 

ecreases 
of 2.0 – 
he high 

energy 
s shows 
orption 
rial for 
ms well 
g to the 
exterior 

to the 
l region 



110 
 

 
 
 

Fig. 6. Plot of extinction coefficient versusphoton energy of ZnSe 
 

4. Conclusion 
 
ZnSe films were successfully carried out using chemical bath deposition technique. Good 

quality films of Zinc selenide with cubic structurewere deposited. The preferred orientation of the 
crystallite lies along (111) planes. The films have peak transmittance in the visible region of the 
electromagnetic spectrum and high rate of absorption in the UV region. These make the films 
excellent glazing material for solar control in warm climate regions. The high transmittance makes 
the films potential for use in manufacturing optical components, windows, mirrors, and lenses for 
high power IR laser. The band gap was found to be direct and ranges from 2.65eV- 2.70eV. 
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