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ZnSSe thin films were thermally evaporated on unheated quartz substrates using
ZnS/ZnSe thin film layers. The prepared films were subjected to post deposition
pulsed laser annealing (PLA) at different powers of 15, 20 and 30W. XRD
analysis indicates that all ZnS/ZnSe layers after annealing possess a single phase
cubic structure with a strong preferred (111) orientation. The evaluated average
crystallite size as deduced from the FWHM of the XRD layer peaks was varied
from 26.5 nm for the as deposited sample to 34.80 nm for the sample annealed at
PLA power of 30 W. The optical characteristics of the samples were studied by
measuring the spectral transmittance and reflectance. The optical energy gap as
well as refractive index were measured and then correlated with the PLA power.
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1. Introduction

I1-VI semiconductors are extensively studied due to their numerous applications in light-
emitting as well as laser diodes [1-3]. Due to wider band-gap, II-VI compound multilayer
structures are candidate to be applied in numerous optoelectronic devices [4-6]. ZnS is wide-band-
gap semiconductor that can be used for the detection, emission and modulation of visible and UV
light [7,8]. When ZnS combines with other materials such as ZnSe, it produces a stimulating and
potentially effective heterostructures such as ZnS/ZnSe systems. The presence of sulfur in ZnSSe
widens the band gap, which increases the blue response of devices [9]. ZnSSe can be used as a
wavelength tunable UV photo detector, light emitters, visible laser diodes and light emitting
diodes [10].

Pulsed laser annealing (PLA) of semiconductors was first carried out to eliminate the
damage caused by the ion implantation [11-12]. Nevertheless, laser crystallization techniques were
far more successful in converting amorphous Si or polycrystalline Si into a single-crystal Si
because the kinetic energies of laser power are able to improve the crystallinity of the as grown
films [13,14]. Moreover, PLA process has the ability of producing materials with impurities
concentration over the natural solubility limit. This is due to the rapid heating and cooling
occurrence in the material which causes recrystallization, where substitution impurities diffuse into
native lattice sites. In this work, the growth of ZnSSe thin films on quartz substrates by the
physical evaporation technique was carried out using a ZnS/ZnSe heterostructures. The as
deposited films were subjected to post deposition pulsed laser annealing (PLA) of different
powers to get a single phase of ZnSSe. The film microstructure were described by X-ray
diffraction and the optical properties was also studied and discussed.
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2. Experimental work

ZnSSe samples of the same film thickness were thermally deposited on unheated
ultrasonically cleaned quartz substrates using bilayers of ZnS and ZnSe of high purity (99.999%)
using Edwards coating unit (type E306A). A tungsten boat was used as a heating filament . The
evaporation process has been performed at a vacuum of about of 8.2 x 10*Pa.

In order to study the effect of PLA on the structure and optical properties of the
investigated films, the annealing process was carried out at different pulsed laser powers namely
15, 20 and 30W.

A quartz crystal oscillator are used to monitor both the film thickness and deposition rate.
The ratios of individual layer thicknesses were 1.0:1.48 to achieve a 1:1:1 stoichiometric ratio for
Zn, S and Se, respectively. The total film thickness of each sandwich was about 335nm (thickness
of ZnS=135nm and ZnSe=200nm).

A JEOL X-ray diffractometer (Model JSDX-60PA) with a Ni filter Cu-k, radiation (» =
0:15418 nm) was used. Continuous scanning was applied with a slow scan speed of 1°/min with
a relatively small time constant (1sec). A scanning range of 20 from 6 to 72° was used. The
crystallite size as well as microstrain of the films were estimated using Debye-Scherrer formula
[15]. The diffraction plane (111) characterizing the XRD patterns of the annealed films were used
for the calculation.

A Jasco double beam spectrophotometer (V-570) was used to perform the
spectral transmittance, T(A), and reflectance, R(A), in the spectral range from 280 to 800
nm. All optical measurements have been performed at room temperature (300 K).

The following relation [16] is used to calculate the absorption coefficient (o)

o=t [Wj (1)
T

where t is the film thickness.

3. Results and discussion:

3.1. Formation of ZnSSe single phase:

The XRD diffraction patterns for some ZnS/ZnSe samples in the as deposited state and
after annealing at different laser powers are shown in Fig. 1. For the as-deposited sample, a major
peaks are seen at about 27.25° and 28.64° which corresponds to (111) plane reflections from cubic
type zinc blende for both ZnSe and ZnS phases. Also, two other peaks are observed for free phases
of both of ZnSe and ZnS at about 45.35° 47.62° , 53.72° and 56.35° corresponds to (220) and
(311) plane respectively. Comparing the observed ‘d’ values with standard ‘d’ values (PDF
number 05-0566 and 05-0522) indicates that the ZnS and ZnSe samples are polycrystalline and
possess a cubic (zinc blende) structure. This fact indicates that the two layers of ZnS and ZnSe
are stacked without solid reactions. After pulsed laser annealing, a major peak is observed at 20 =
27.80° (111) at different PLA powers. Furthermore, the structure is improved and the degree of
orientation of crystallites increases (an increase of peak intensities corresponding to (111) planes
of ZnSSe take place). It can be, also, revealed from the spectrum that the layers possess only
ZnSSe phase. Also, no considerable change in the position of the (111) peak was noticed with
increasing PLA power.

The evaluated inter-planar spacing and lattice constant were 3.209A and 5.558A,
respectively. These values showed a relatively small variation if compared with single crystal
ZnSSe [17], which may be attributed to the misfit of thermal strain between the film and the
substrate. This result is analogous to that reported on ZnS,Se;, films [18-23].
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Fig. 1: X-ray diffraction pattern for the as-deposited sample as well as for samples
annealed at PLA powers of 15, 20 and 30W

The average crystallite size, D, of the ZnSSe films formed at 15, 20 and 30W along the
direction of the (111) plane was estimated using the full width at half maxima (FWHM) values
using Debye-Scherrer formula [15];

0.944
D= o @
pcosé

where B is the value of FWHM of (111) peak of XRD pattern, A is the wavelength of x-ray (A =
0.154184nm)

The dislocation density (8) can be defined as the length of dislocation lines per unit
volume, and is calculated using the following equation [24, 25]

S 1
o D2 3)
The values of the dislocation density of matter are a measure of amount of defects in the
crystal. The number of crystallites per unit area (N) and the microstrain (&) of the investigated
samples were estimated using the following formulas [26]:

t
N=77 @
_pcosd
T ®)

where t is the film thickness.

The effect of PLA power on the average crystallite size and internal microstrain are shown
in Figs. 2 and 3 respectively. It can be noticed that the average crystallite size is varied from 26.5
nm in the as-deposited state to 34.8 nm for films annealed at PLA of 30W. The increase in the
average crystallite size with the laser power indicates an improvement in crystallinity. In contrast,
the amount of internal microstrain is found to decrease with increasing PLA power as shown in
Fig. 3. The value of microstrain is decreased from 1.37x10° for the as-deposited sample to
1.04x10°® for the sample annealed at PLA of 30W. This is because the microstrain is equivalent
to variations in the d-spacing within domains by an amount depending on the elastic constants of
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the material and the nature of internal stresses, which is decreased with increasing annealing
powers.
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Fig. 2: The average crystallite size with annealing power
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Fig. 3: The microstrain with annealing power

The calculated values of structural parameters of the as-deposited and annealed samples
are depicted in Table (1). It can be noticed from the table that the dislocation density, §, is
decreased from 14.24x10" for the as-deposited sample to 8.26x10™ (lines/m?) after annealing at
PLA of 30 W. Also, it can be noticed from Table (1) that the number of crystallites per unit area
(N) is decreased with increasing PLA power and its value is ranged between 18x10% and
7.95x10™ crystallite/m?,

Table (1): Structural parameters of ZnSSe thin films as a function of annealing power

annealing Average crystallite | Broadening Microstrain [line’ Dislocation Number of
Power Size (nm) (radian) ’m*] x107 density x10* | crystallite
(line/m?) (x10"°)/m?
As-deposited 26.5 5.634x10° 1.367 14.240 18.00
15W 29.4 5.078 x10°° 1.232 11.570 13.18
20W 31.7 4.710 x10° 1.143 9.951 10.52
30W 34.8 4.290 x10° 1.041 8.257 7.95

3.2. Optical properties:

3.2.1. Trnsmittance and reflectance measurements:

The variation in spectral transmittance and reflectance for the as deposited sample as well
as for the annealed samples are shown in Fig. 4. It was observed that multiple interference fringes
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are obtained in the transmittance of the investigated films. This is a result of multiple reflections at
the substrate/film interface, i.e. due to different refractive index of ZnSSe and substrate. Moreover,
the increase of annealing powers decreases the transmittance, which means that the crystallization

improves the absorption. Furthermore, a small variation in the reflectance value with wavelength
is noticed for all samples.
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—A— Annealed at 20 W
[—w— Annealed at 30 W
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Fig. 4: Dependence of spectral transmittance and reflectance on wavelength

3.2.2. The absorption coefficient:

Equation (1) is used to calculate the absorption coefficient and its variation with
wavelength for samples annealed at different PLA powers is obtained in Fig.5. There is
no appreciable change in the values of the absorption coefficient is observed for
wavelengths > 450 nm . For A < 450 nm, the value of o is remarkably dependent on

wavelength. The dramatic increase in, a, in this range can be attributed to the transition
across ZnSSe band gap.
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Fig. 5: Variation of absorption coefficient with wavelength

3.2.3. Optical energy gap:

The optical energy gap (Eg) of the investigated samples is calculated from the
following classical relation

A _ 1/2
oo (hv-E) ©)
hy

where A is a constant.

The dependence of (ahv)®> on the photon energy (hv) is depicted in Fig. 6 for
the as-deposited sample and for the samples annealed at PLA power of 15, 20 and 30 W,

respectively. The value of the energy gap is obtained from the extrapolation of the linear
portion with the photon energy axis. This plot indicates a direct allowed transition. The
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correlation of the energy gap value with PLA power is shown in Fig. 7. An increase in
E, value from 3.05 for the as-deposited sample to 3.3 eV for the sample annealed at
PLA power of 30W. These values for E4 are similar to those reported elsewhere [20-22].
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Fig. 6: (ahv)? with photon energy (hv) for a) As-deposited sample b)sample annealed
at PLA power of 15W  ¢) sample annealed at PLA power of 20W  d) sample
annealed at PLA power of 30W.
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Fig.7: Variation of optical energy gap with PLA power.

The increase in the value of band gap energy could be attributed to the
existence of high-density levels within the band gap [27] and the quantum

confinement effects caused by the structural changes in the films with annealing
[ 28-30].
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3.2.4. Refractive index

The refractive index, n of the investigated samples is estimated from the corrected T(A)
and R(A) using Murmann’s exact equation [31].

The dependence of the fitted values of refractive index on wavelength at
different laser powers is shown in Fig. 8. It is noticed that the value of refractive
index is quite high at low wavelengths (strong absorption) for all samples. This
behavior may be attributed to the equality between the frequency of incident
electromagnetic radiation and the a frequency [32]. At longer wavelengths, A >
600nm, no appreciable change was observed. This behavior is in good agreement
with the data obtained elsewhere [33-35] for like phase.

The dependence of n (at A = 550 nm) on annealing power is depicted in
Fig.9. it can be noticed that the value of refractive index increases with
increasing annealing power. This increase could be attributed to the increase of
crystallite size and the reduction of dislocation density with annealing [36].
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Fig. (8): Refractive index (n) with wavelength at different PLA powers.
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Fig. (9): Refractive index (n) at 550 nm as a function of annealing power.

4. Conclusion

Polycrystalline ZnSSe films of the same film thickness (335 nm) were grown by
thermal evaporation technique on quartz substrates at room temperature. The films were
subjected to post-deposition pulsed laser annealing (PLA) at different powers in the
range 15-30W. The XRD analysis demonstrated that, all the ZnS/Se layers after
annealing were polycrystalline, single phase with cubic structure. These films possess a
strong preferred (111) orientation. The average crystallite size was varied in the range
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26.54 — 34.80 nm for the as grown sample and that annealed at PLA power of 30W
respectively.

A slight increase in the energy gap value is achieved from 3.05 eV for the as-
deposited sample to 3.3 eV for the sample annealed at PLA power of 30 W. The
refractive index (n) was found to be affected by annealing power. An increase in the
value of n as PLA power increases. This increase was attributed to the increase of
crystallite size as well as the decrease in dislocation density with increasing
annealing power.
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