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Abstract

Two-source thermal evaporation method was utilized to prepare hard ZnSe thin films, the films were then immersed in silver nitrate
solution for different time periods. The optical properties of the films were measured from the transmittance spectra. X-ray pattern of the
films were also included. Final compositions of the resulting films were measured by EMPA method and comparisons between compo-
sitions by EMPA vs. optical absorbance were also reported. The dc electrical conductivity increased and a small shift in the optical band
gap was also observed.
� 2006 Elsevier B.V. All rights reserved.
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1. Introduction

ZnSe is one of the group II–VI semiconductors and it
has a direct optical band gap of �2.7 eV, which makes it
suitable material for variety of the optoelectronics applica-
tions in the blue–green wavelength region, including light
emitting diodes and lasers [1–9]. Fabrication of ZnSe LEDs
requires the formation of p–n junctions through controlled
substitutional doping [2]. Because of wide band gap and
transparency over a wide range, ZnSe is also suitable as
window layer for thin films solar cells [10,11].

Many efforts were reported for producing low resistive
p-type ZnSe, the main elements used for p-type dopant
of ZnSe were Li and nitrogen [3,12,13]. ZnSe thin films
have been grown using different techniques including
pulsed laser deposition [14–16], molecular beam epitaxy

[12,17–19], closed space sublimation [11], hot wall evapora-
tion [20] and metal oxide chemical vapor deposition [21].

The transition metal Ag introduces acceptor level in
II–VI semiconductors, when introduced substitutionally
on cation site. Ag was concluded to be a conventional
d10 acceptor in ZnSe [22].

The two-source evaporation is suitable for preparing
compound semiconductors to control the film quality
[23]. In addition to that the ion exchange process has also
been utilized as a simple technique for post doping of the
II–VI semiconductor films, such as CdS [24–26], ZnTe films
[27,28]. In this work we report our results for ZnSe films
prepared by two-source thermal evaporation and post
immersed in AgNO3 solution.

2. Experimental

Highly pure Zn and Se (99.99+) materials were used for
evaporation. Se and Zn were filled into two separate graph-
ite crucibles in powder and pellet forms (to avoid scattering
of the material), respectively. These crucibles were heated

0022-3093/$ - see front matter � 2006 Elsevier B.V. All rights reserved.

doi:10.1016/j.jnoncrysol.2006.01.009

* Corresponding author. Tel.: +92 51 2828187; fax: +92 51 9210256.
E-mail addresses: zulfiqar1965@yahoo.com, tpl.qau@usa.net (Z. Ali),

akram_aqili@yahoo.com (A.K.S. Aqili).

www.elsevier.com/locate/jnoncrysol

Journal of Non-Crystalline Solids 352 (2006) 409–414

mailto:zulfiqar1965@yahoo.com
mailto:tpl.qau@usa.net
mailto:akram_aqili@yahoo.com


separately by quartz lamps. The crucibles were heated inde-
pendently by 500 W quartz lamps connected to the main
through temperature controller with K-type thermocouples
inserted into the graphite crucibles. An IR heater was used
for substrate heating. All the evaporation processes were
carried out under vacuum of �10�6 mbar in Edward
E306A vacuum system.

The source temperature of Zn was kept at 540 �C, which
was pre-checked to yield evaporation rate of �2.5 nm/s on
cold surface. In case of selenium, source temperature was
kept at 300 �C to get evaporation rate of �2.5 nm/s. The
substrate temperature was kept at 400 �C. These parame-
ters were selected from the pre-checked experiments to
get the best hard films, which could stay in hot solution
for comparatively longer time without detaching from the
substrate.

After deposition the films were immersed in AgNO3

solution (0.1 g AgNO3/100 ml of distilled water) at temper-
ature of 50 �C for different time periods, these films were
then cleaned by distilled water, and then heated in vacuum
for 1 h at a temperature of 400 �C to ensure the diffusion of
silver into the sample [27]. Pre-experimental results showed
no sharp effects of the solution concentration for speeding
the ion exchange process, while solution temperature had
more critical effect.

The optical transmission was recorded by Perkin Elmer
Lambda 900 spectrophotometer using UV-WinLab soft-
ware. X-rays from CuKa source were used to study the
structure of the films. EMPA attached to SEM was
utilized to measure the Ag ratio in different films. The
dark dc resistivity was measured at room temperature
for all the samples (i.e. as deposited, immersed and heat
treated).

3. Results and discussion

The films prepared with Se source temperature of 300 �C
and Zn of 540 �C were highly transparent yellowish green
in colour and were very difficult to scratch and could sus-
tain in solution of AgNO3 (0.1 g AgNO3/100 ml) for com-
paratively longer time. The colour of the films turned
brownish after immersion in AgNO3 solution.

3.1. Optical properties

The transmission spectra of the films as deposited and
after immersion in AgNO3 solution and heat treated (in
vacuum) for different time periods at 400 �C are shown in
Fig. 1. The spectrum showed no improvement in transmis-
sion after heat treatment for 15 min, so for the rest of the
films we decided that one hour will be sufficient time for
heat treatment, this would ensure the diffusion of Ag in
ZnSe films. Fig. 2 shows the transmittance of ZnSe films
with different immersion times in AgNO3 solution. It is
clear that the transmittance of the films decreases with
increasing immersion time, because of the Ag layer formed
on the top of the films.

The thickness and the refractive index of the films were
calculated by fitting the transmission data to the following
equation [28–30]:

T ¼ Ax

B� Cx cos /þ Dx2
; ð1Þ

where T is the normal transmittance for the system consist-
ing of thin film on a transparent substrate surrounded by
air, and taking into account all multiple reflections at the
interface for the case of k2� n2, where k is the extinction
coefficient of the film, which is true for this kind of
semiconductor thin films [28–30]. The other variables are
defined as A = 16n2s, B = (n + 1)3(n + s2), C = 2(n2 � 1)
(n2 � s2), D = (n � 1)3(n � s2), / = 4pnd/k, x = exp(�ad),
k = ak/4p. Here n and s are the refractive index of the film
and the glass substrate, respectively, d is the thickness of
the film and a is the absorption coefficient of the film.
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Fig. 1. The transmission spectra of ZnSe film as deposited and after
immersion, in AgNO3, for 5 min, along with heat treatment (in vacuum)
for different time periods at 400 �C.
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Fig. 2. Transmittance spectra of as deposited and immersed films, for
different time periods after heat treatment (400 �C, 1 h).
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