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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 dierent
powers. X-ray diraction 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 DebyeScherrer formula. The absorption coecient as well as the energy gap for the asdeposited and the annealed samples were also reported.
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1. Introduction

Semiconductors are essential materials in electronic device fabrication such as diodes, laser diodes (LD), light
emission diodes (LED), sensors, solar cells, thermoelectric devices [16]. Binary semiconductors are considered
as important technological materials because of their potential 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
IIVI compounds, have technologically important applications. Among these compounds, only cadmium telluride (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 technique [14] were investigated.
Some studies were done on the crystalline microstructure changes of ZnSe lms. The structure of the ZnSe
layer depends on the synthesis process type, deposition
parameters [15], substrate temperature [16, 17], annealing 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 material structure. Many papers show the correlation of
the band gap with near-surface layer structure changes
of ZnSe [2022]. They also show that control of the polycrystallites size and thus control of the change of band
gap is dicult 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 implantation process [23, 24], to change the structure from
amorphous to polycrystalline [25] or to improve the crystal 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 eect of PLA on the dispersion
properties of ZnSe lms is studied [25].
In the present work, the inuence of PLA on the structural characteristics of ZnSe lms deposited using thermal evaporation technique is studied. The structure of
ZnSe lms has been investigated by X-ray diraction
(XRD) technique. The inuence of PLA with dierent
values of pulse power on the optical parameters such as
absorption coecient as well as energy gap of the investigated lms is also presented.
2. Experimental details

ZnSe thin lms were deposited on unheated quartz substrates using a high purity ZnSe powder by thermal evaporation technique using Edwards coating unit (Model
E306A). The heating lament was a conventional tungsten boat. In order to prevent scattering during deposition, 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 measured 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 dierent laser powers
(20 and 30 W). The laser pulse is focused onto dierent
spots until the whole sample is completely annealed.
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Film structure was examined by XRD using JEOL
X-ray diractometer type JSDX-60PA with a Cu Kα radiation (λ = 0.15418 nm) was used with a slow scanning rate (1◦ /min). XRD was performed for the phase
identication and preferred orientation determination.
Transmittance and reectance 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 optical measurements have been performed at room temperature (300 K).
3. Results and discussion

3.1. ZnSe structure analysis
XRD pattern of as-deposited ZnSe lms and those annealed at dierent 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.

the incident and the scattered X-ray. As shown in Table 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 annealing 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]:
λ
d=
.
(2)
2 sin θ
The lattice parameter was determined by using relation [32]:
h2 + k 2 + l2
1
=
,
(3)
d2
a2
where h, k , and l represent the lattice planes.
The dislocation density, δ , dened as the length of dislocation lines per unit volume, has been estimated using
the following equation [33, 34]:
1
δ = 2.
(4)
D
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 employing the measured value of crystallite size (D) by the
following relations [35]:
t
N = 3,
(5)
D

β cos θ
,
(6)
4
where t is the lm thickness (320 nm).
Table I shows the values of the structural properties 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 sample 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 sample and the sample annealed at PLA of 30 W, respectively. 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
conrm the good crystallinity of the thin lms fabricated 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 obtained in another studies of annealed ZnSe lms structure [19, 3537]. The calculated values of structural parameters are shown in Table I.
ε=

Fig. 1. X-ray diraction 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 temperature [19, 2831].
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
DebyeScherrer formula [32]:
0.94λ
D=
,
(1)
β cos θ
where β is the full-width at half-maximum (FWHM),
D is the crystallite size value and q is the angle between

415

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

416

TABLE I
The structural parameters and properties of ZnSe lm at various powers of laser beam.
2θ
[deg]
as-deposited 27.22
27.24
annealed
45.25
by 20 W
52.16
27.26
annealed
45.26
by 30 W
52.18

Sample

hkl

(111)
(111)
(220)
(311)
(111)
(220)
(311)

β
[deg]
0.304
0.231
0.244
0.251
0.195
0.206
0.211

d
[Å]
3.276
3.274
2.004
1.753
3.271
2.003
1.752

a
D
N × 1015
ε × 10−3
δ × 1015
2
−2
−4
[Å]
[Å] [crystalline/m ] [line m ] [lines/m2 ]
5.674 281.42
14.30
1.29
1.26
5.671
6.39
1.06
0.74
5.668 368.54
5.814
5.666
3.81
0.83
0.52
5.667 437.60
5.814

3.2. Optical measurements
3.2.1. Transmittance and reectance measurements

The spectral transmission T (λ) and reectance R(λ)
before (as-deposited state) and after annealing at two different pulsed laser power for ZnSe thin lms are shown
in Figs. 2 and 3. The PLA inuence on the value of the
transmission and reectance is clearly visible. The overall
transmittance and reectance decreases after annealing,
indicating an absorption of light. Moreover, all the investigated 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 coecients and
high lm thickness. Also, the lms showed a shift in
the absorption edge towards shorter wavelength with increasing annealing power for both of transmittance and
reectance. This shift could be attributed to the structural changes in the lm with the annealing process [38].

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

3.2.2. The absorption coecient

The absorption coecient (α) was calculated from the
following relation [39]:
1 1 − R(λ)
α = ln
,
(7)
t
T (λ)

Fig. 3. Reectance spectrum as a function of wavelength of as-deposited ZnSe sample and two samples
annealed at laser powers of 20 and 30 W.

Fig. 4. Variation of absorption coecient with wavelength 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 reectance and
transmittance at wavelength λ and t is the lm thickness.
The dependence of absorption coecient on wavelength 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 coecient 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 transition across the semiconductor band gap in ZnSe [20].
A dramatic increase in the absorption coecient with
decreasing wavelength is observed for the as-deposited
sample. However, a slow and slower increase in the absorption coecient 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 coecient was found to follow the relation:
A(hν − Eg )n
α=
,
hν
where A is a constant and n is a constant, equal to 1/2
for direct band gap semiconductors.

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 annealing 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 PhaeNgam et al. [19]. They found that the energy gap is
decreased from 2.72 to 2.69 eV when the annealing temperature 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.

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

Sample

Crystallites
size [Å]

as-deposite
annealed by 20 W
annealed by 30 W

281.42
368.54
437.60

Dislocation
Energy
density δ
15
2 gap [eV]
[×10 lines/m ]
1.26
2.8
0.74
2.74
0.52
2.67

The decrease in Eg value is possibly due to the increase in crystallite size and the decrease in the number 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 energy band gap) [42, 43]. The optical absorption edge
shifts towards shorter wavelength. This shift may be due
to the improvement of the crystalline structure transformation occurring with PLA. The increase in crystallinity
can reduce the energy gap of the lms [44, 45].
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 annealed at PLA of 30 W indicate a direct allowed transition and are illustrated in Figs. 57. The energy gap
can be determined from the extrapolation of the linear portion with the photon energy axis. It is noticed

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 structure is improved and the orientation degree of crystallites increases. The crystallite size value increases from
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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 coecient for λ ≤
500 nm is a result of transition across the semiconductor 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 annealed 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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