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Samples of ZnSe of the same �lm thickness (320 nm) have been thermally evaporated on unheated quartz
substrates using high purity powder. The prepared �lms were subjected to pulsed laser annealing of two di�erent
powers. X-ray di�raction studies revealed that the as-deposited samples were polycrystalline cubic (zinc-blende
type) structure. As the annealing power increases, the crystallinity of ZnSe �lms was improved with preferential
orientation along the (111) direction parallel to the substrate surface. Microstructural characterizations have been
evaluated using the Debye�Scherrer formula. The absorption coe�cient as well as the energy gap for the as-
deposited and the annealed samples were also reported.
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1. Introduction

Semiconductors are essential materials in electronic de-
vice fabrication such as diodes, laser diodes (LD), light
emission diodes (LED), sensors, solar cells, thermoelec-
tric devices [1�6]. Binary semiconductors are considered
as important technological materials because of their po-
tential applications in optoelectronic devices, solar cells,
IR detectors and lasers [7, 8]. Binary compounds of group
IIB and group VIA elements, commonly referred to as
II�VI compounds, have technologically important appli-
cations. Among these compounds, only cadmium tel-
luride (CdTe) and zinc selenide (ZnSe) can be prepared
in both n- and p-type forms [9].
Recently, a-ZnSe and c-ZnSe thin �lms prepared by

various methods including RF magnetron sputtering [10],
pulsed laser [11], atomic layer deposition [12], wet
chemical path deposition [13], quasi-closed volume tech-
nique [14] were investigated.
Some studies were done on the crystalline microstruc-

ture changes of ZnSe �lms. The structure of the ZnSe
layer depends on the synthesis process type, deposition
parameters [15], substrate temperature [16, 17], anneal-
ing temperature [18, 19] or composition ratio of ZnSe [20].
The band-gap energy is a very important property

of the semiconductor and depends greatly on the ma-
terial structure. Many papers show the correlation of
the band gap with near-surface layer structure changes
of ZnSe [20�22]. They also show that control of the poly-
crystallites size and thus control of the change of band
gap is di�cult for all processes.
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Pulsed laser annealing (PLA) is used to modify the
surface layer, i.e. to remove the damage created after im-
plantation process [23, 24], to change the structure from
amorphous to polycrystalline [25] or to improve the crys-
tal structure [26, 27]. Choosing an appropriate value of
the deposited energy and the size of the illuminated area
makes the PLA a well-controlled technique.
In a previous work, the e�ect of PLA on the dispersion

properties of ZnSe �lms is studied [25].
In the present work, the in�uence of PLA on the struc-

tural characteristics of ZnSe �lms deposited using ther-
mal evaporation technique is studied. The structure of
ZnSe �lms has been investigated by X-ray di�raction
(XRD) technique. The in�uence of PLA with di�erent
values of pulse power on the optical parameters such as
absorption coe�cient as well as energy gap of the inves-
tigated �lms is also presented.

2. Experimental details

ZnSe thin �lms were deposited on unheated quartz sub-
strates using a high purity ZnSe powder by thermal evap-
oration technique using Edwards coating unit (Model
E306A). The heating �lament was a conventional tung-
sten boat. In order to prevent scattering during deposi-
tion, the powder was pressed at 100 kg/cm2 into a pellet
with a diameter of 10 mm and several mm in thickness.
The pressure was brought down until a vacuum of about
8.2× 10−4 Pa was achieved. Film thicknesses were mea-
sured using the quartz crystal oscillator. The thickness
of the used samples was about 320 nm.
Prepared samples was subjected to annealing using

CO2 pulsed laser provided with q-switch (single pulse) at
a wavelength of 10600 nm with two di�erent laser powers
(20 and 30 W). The laser pulse is focused onto di�erent
spots until the whole sample is completely annealed.
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Film structure was examined by XRD using JEOL
X-ray di�ractometer type JSDX-60PA with a Cu Kα-
radiation (λ = 0.15418 nm) was used with a slow scan-
ning rate (1◦/min). XRD was performed for the phase
identi�cation and preferred orientation determination.
Transmittance and re�ectance spectra of the prepared

samples were carried out at room temperature in the
spectral range from 280 to 800 nm using Jasco V-570
UV-VIS-NIR double beam spectrophotometer. All opti-
cal measurements have been performed at room temper-
ature (300 K).

3. Results and discussion

3.1. ZnSe structure analysis

XRD pattern of as-deposited ZnSe �lms and those an-
nealed at di�erent laser power is depicted in Fig. 1. It is
observed that the XRD patterns show a major peak at
2θ = 27.20◦ (111) for all the �lms. Also, an appearance
of two other peaks in XRD pattern at 2θ = 45.25◦ (220)
and 52.16◦ (311) for the samples annealed at power of 20
and 30 W, respectively. It can be observed that the peaks
intensity increases with increasing power of the annealing
laser beam.

Fig. 1. X-ray di�raction pattern of as-deposited ZnSe
thin �lm and two samples annealed at laser powers of 20
and 30 W.

Similar change of the structure to cubic zinc blende
has been shown for the ZnSe �lms annealed at low tem-
perature [19, 28�31].
The results from XRD patterns were used to calculate

the average crystallite size (D), the lattice spacing (d),
the lattice parameter (a), the dislocation density (δ), and
the strain (ε).
The crystallite size, D, has been calculated using the

Debye�Scherrer formula [32]:

D =
0.94λ

β cos θ
, (1)

where β is the full-width at half-maximum (FWHM),
D is the crystallite size value and q is the angle between

the incident and the scattered X-ray. As shown in Ta-
ble I, the crystallite size value increases from 28.14±2 nm
for the as-deposited sample to 3685±2 and 43.76±2 nm
for the samples annealed at PLA of 20 and 30 W an-
nealing power, respectively. The increase in crystallite
size with the annealing laser power may be due to the
coalescence of small crystals.

The Bragg formula was used to calculate the lattice
spacing [32]:

d =
λ

2 sin θ
. (2)

The lattice parameter was determined by using rela-
tion [32]:

1

d2
=
h2 + k2 + l2

a2
, (3)

where h, k, and l represent the lattice planes.

The dislocation density, δ, de�ned as the length of dis-
location lines per unit volume, has been estimated using
the following equation [33, 34]:

δ =
1

D2
. (4)

It is known that the calculated value of δ is attributed to
the amount of defects in a crystal growth of ZnSe thin
�lms. The number of crystallites per unit area (N) and
the microstrain (ε) of ZnSe thin �lms were calculated em-
ploying the measured value of crystallite size (D) by the
following relations [35]:

N =
t

D3
, (5)

ε =
β cos θ

4
, (6)

where t is the �lm thickness (320 nm).

Table I shows the values of the structural proper-
ties of the ZnSe thin �lms. As shown in Table I, the
evaluated values of the dislocation density of ZnSe thin
�lms are ranged from 1.26× 1015 for the deposited sam-
ple to 5.22 × 1014 lines/m2 for the sample annealed at
PLA of 30 W. Also, the microstrain was varied from
1.287 × 10−3 to 8.279 × 10−4 for the as-deposited sam-
ple and the sample annealed at PLA of 30 W, respec-
tively. The microstrain is equivalent to variations in the
d-spacing within domains by an amount depending on
the elastic constants of the material and the nature of
internal stresses.

The small values of δ obtained in the present study
con�rm the good crystallinity of the thin �lms fabri-
cated by the thermal evaporation technique. On the
other hand, the number of crystallites per unit area (N)
was found to be 1.436× 1016 for the as-deposited sample
and 3.818× 1015 crystallites/m2 for the sample annealed
at PLA of 30 W.

These results are in good agreement with the data ob-
tained in another studies of annealed ZnSe �lms struc-
ture [19, 35�37]. The calculated values of structural pa-
rameters are shown in Table I.
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TABLE I

The structural parameters and properties of ZnSe �lm at various powers of laser beam.

Sample
2θ

[deg]
h k l

β

[deg]
d

[Å]
a

[Å]
D

[Å]
N × 1015

[crystalline/m2]
ε× 10−3

[line−2 m−4]
δ × 1015

[lines/m2]
as-deposited 27.22 (111) 0.304 3.276 5.674 281.42 14.30 1.29 1.26

annealed
by 20 W

27.24
45.25
52.16

(111)
(220)
(311)

0.231
0.244
0.251

3.274
2.004
1.753

5.671
5.668
5.814

368.54 6.39 1.06 0.74

annealed
by 30 W

27.26
45.26
52.18

(111)
(220)
(311)

0.195
0.206
0.211

3.271
2.003
1.752

5.666
5.667
5.814

437.60 3.81 0.83 0.52

3.2. Optical measurements

3.2.1. Transmittance and re�ectance measurements
The spectral transmission T (λ) and re�ectance R(λ)

before (as-deposited state) and after annealing at two dif-
ferent pulsed laser power for ZnSe thin �lms are shown
in Figs. 2 and 3. The PLA in�uence on the value of the
transmission and re�ectance is clearly visible. The overall
transmittance and re�ectance decreases after annealing,
indicating an absorption of light. Moreover, all the inves-
tigated samples show an average high transparency. Also,
it can be noticed that the transmittance behavior of all
samples shows multiple interferences, which indicate that
ZnSe thin �lms have moderate absorption coe�cients and
high �lm thickness. Also, the �lms showed a shift in
the absorption edge towards shorter wavelength with in-
creasing annealing power for both of transmittance and
re�ectance. This shift could be attributed to the struc-
tural changes in the �lm with the annealing process [38].

Fig. 2. Spectral transmission as a function of wave-
length of as-deposited ZnSe sample and for two samples
annealed at laser powers of 20 and 30 W.

3.2.2. The absorption coe�cient
The absorption coe�cient (α) was calculated from the

following relation [39]:

α =
1

t
ln

1−R(λ)

T (λ)
, (7)

Fig. 3. Re�ectance spectrum as a function of wave-
length of as-deposited ZnSe sample and two samples
annealed at laser powers of 20 and 30 W.

Fig. 4. Variation of absorption coe�cient with wave-
length for as-deposited ZnSe sample and after annealing
at laser power of 20 and 30 W.

where R(λ) and T (λ) are the spectral re�ectance and
transmittance at wavelength λ and t is the �lm thickness.
The dependence of absorption coe�cient on wave-

length has been investigated for the as-deposited sample
as well as after PLA of 20 and 30 W is shown in Fig. 4.
For wavelengths ≥ 550 nm, no appreciable change was
observed and the value of the absorption coe�cient was
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very low for the two samples. For λ ≤ 500 nm, α is
strongly dependent on wavelength as a result of tran-
sition across the semiconductor band gap in ZnSe [20].
A dramatic increase in the absorption coe�cient with
decreasing wavelength is observed for the as-deposited
sample. However, a slow and slower increase in the ab-
sorption coe�cient with wavelength is obtained for the
samples annealed at 20 and 30 W, respectively.

3.2.3. Determination of energy gap
The optical energy gap (Eg) of the �lms was estimated

from the optical measurements. The absorption coe�-
cient was found to follow the relation:

α =
A(hν − Eg)

n

hν
,

where A is a constant and n is a constant, equal to 1/2
for direct band gap semiconductors.

Fig. 5. (αhν)2 as a function of the photon energy (hν)
for the as-deposited ZnSe sample.

Fig. 6. (αhν)2 as a function of the photon energy (hν)
for a ZnSe sample annealed at a laser power of 20 W.

The plots of (αhν)2 versus the photon energy (hν) in
the absorption region for the as-deposited and that an-
nealed at PLA of 30 W indicate a direct allowed transi-
tion and are illustrated in Figs. 5�7. The energy gap
can be determined from the extrapolation of the lin-
ear portion with the photon energy axis. It is noticed

Fig. 7. (As in Fig. 6 but for laser power of 30 W.

that the value of Eg is 2.8 for the as-deposited sample.
However, the value of Eg was decreased by PLA anneal-
ing to 2.74 and 2.67 eV for the samples annealed at 20
and 30 W, respectively, which is close to that of the bulk
material [40, 41].
The same behavior for the reduction of energy gap for

thermally annealed ZnSe samples is obtained by Phae-
Ngam et al. [19]. They found that the energy gap is
decreased from 2.72 to 2.69 eV when the annealing tem-
perature increased from 100 ◦C to 300 ◦C, respectively.

TABLE II

Tabulation of crystalline size, dislocation density, band
gap of as-deposited and laser annealed ZnSe �lms.

Sample
Crystallites
size [Å]

Dislocation
density δ

[×1015 lines/m2]

Energy
gap [eV]

as-deposite 281.42 1.26 2.8
annealed by 20 W 368.54 0.74 2.74
annealed by 30 W 437.60 0.52 2.67

The decrease in Eg value is possibly due to the in-
crease in crystallite size and the decrease in the num-
ber of defects due to annealing as shown in Table II.
It is known that pure semiconducting compounds have
a sharp absorption edge (corresponding to forbidden en-
ergy band gap) [42, 43]. The optical absorption edge
shifts towards shorter wavelength. This shift may be due
to the improvement of the crystalline structure transfor-
mation occurring with PLA. The increase in crystallinity
can reduce the energy gap of the �lms [44, 45].

4. Conclusions

ZnSe thin �lms, deposited on quartz substrates by
thermal evaporation technique, are polycrystalline and
have a zinc-blende structure with preferred orientation
along the (111) direction. PLA is a simple method used
to anneal the �lms. After annealing, the �lm struc-
ture is improved and the orientation degree of crystal-
lites increases. The crystallite size value increases from



418 S.A. Aly, Alaa A. Akl, H. Howari

28.14 ± 2 nm for the as-deposited sample to 36.85 ± 2
and 43.76± 2 nm for the samples annealed at PLA of 20
and 30 W annealing power.
An increase in the absorption coe�cient for λ ≤

500 nm is a result of transition across the semiconduc-
tor band gap in ZnSe. For wavelengths > 550 nm no
appreciable change was observed.
The values of the optical band gap were determined

from the absorption spectra. It was observed that the
decrease in band gap energy was from 2.8 eV for the
as-deposited sample to 2.74 and 2.67 for the samples an-
nealed at a PLA of 20 and 30 W. This decrease in energy
gap can be attributed to the increase in the grain size of
the sample.
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