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Abstract 

The effect of lasing energy of Q –Switched Nd: YAGlaser (1064 nm) on the structural and optical properties of Zinc 
sulfide nanofilms synthesized by pulsed laser deposition has been studied. The prepared films are to be employed in 
the preparation of p-ZnS/n-Si photodiode. Laser pulse energies of (600, 750, and 900) mJ with fixed number of pulses 
of 700 and pulse duration of 6 Hz have been utilized. The patterns of X- ray diffraction confirm that all the films have 
polycrystalline and hexagonal structure with three notable preferred planes of (100), (002), and (101). The intensities 
of the notable peaks increase as the laser energy increases. The crystallite size of the preferred orientation (002) plane 
of (ZnS) films has been decreased as lasing energy increases to be 28 nm at 900 mJ. The films have a transmission of 
(70-90%) in visible and NIR region of solar spectrum. The optical band gap increases with increasing of lasing energy 
to be 3.9 eV at 900 mJ of lasing energy. The efficiency of the p-ZnS/n-Si diode has been calculated to be 14.8 % using I-
V characteristic measurement. 
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Introduction 

Zinc sulfide (ZnS) thin films have special 
importance in several optoelectronic applications, 
e.g. photoluminescent and photodiode [1] due to 
their significant properties. (ZnS) is a II-VI binary 
semiconductor material and have a large band gap 
(~3⋅5 eV) [2]. ZnS thin films have been 
demonstrated as one of the talented materials for 
photodetector, emitter, reflector layer, filter, and 
planar wave guide due to their high values of 
effective dielectric constant, refractive index, and 
transition in the visible part of the spectrum [3].  

Among the other sulfides, (ZnS) is the most 
common due to the multiply of preparation 
between chemical and physical methods. (ZnS)Thin 
films can be prepared by chemical methods such as 
chemical bath deposition [4,5], spray pyrolysis 

[6,7], chemical vapor deposition [8, 9], SILAR [10] 
and by physical methods such as sputtering [11], 
thermal evaporation [12], pulsed laser deposition 
[3, 13]. 

Today, pulsed laser deposition (PLD) has been used 
to synthesis films of high structure quality at low 
temperature due to the high kinetic energy of the 
ionized atoms that produced plasma. In the present 
study, we studied the influence of lasing energy on 
the characteristics of (ZnS) thin films that prepared 
by PLD. We focus our study on the optical and 
structural characteristics. The results are to 
prepare p-ZnS/n-Si photodiode. 
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PLD technique has been carried out to study the 
influence of lasing energy on the characteristics of 
(ZnS) thin films and to synthesis a p-ZnS/n-Si 
photodiode for solar cell application. 
The energies of laser pulse are (600,750,900 mJ). 
The laser used is a Q –Switched Nd: YAG laser (10 
ns, 6 Hz, 1064 nm). A pellet of 5 gm 4.420 of (ZnS) 
pressed powder (purity of 99.9 %) with a thickness 
of 4 mmwas used to deposit ZnS thin films of 
different thickness (335,360, 368 nm) respectively 
due to the variation of the laser energy (600, 
750,900 mJ) on glass substrates. (ZnS)Thin film 
(900mJ, 368 nm) has been grown on wafer silicon 
substrate to study electricalcharacteristics for solar 
cell application. 
XRD- 6000 SHIMADZU has been utilized to study 
the crystallite structure and calculate the important 
structural parameters.The optical properties have 
been investigated using UV/VIS, Cecil, Cez200, 
7000 Series, Metertec. The electrical features of the 
p-ZnS/ n-Si junction were calculated using Current-
Voltage (I-V) characteristics by Keithley 
electrometer under light source (halogen lamp) 
100 mW illumination. 
 

Results and Discussions 

Crystallite Structure  

The XRD charts of as deposited (ZnS) of different 
lasing energy are given in Figure 1. The patterns 
show that the ZnSare having a polycrystalline 
structurewith three notable peaks due to the 
diffraction of the (100), (002), and (101) planes of 
the hexagonal phase (JCPDS card no. 036-1450). As 
shown in the figure, the intensities of the notable 
peaks have been increased as the energy lasing 
increasing. The (002) plane of (ZnS)films has been 
grown more than the other planes.One can observe 
that there are peaks of very low intensities at (100), 
(002), and (101) at (31.5°, 34.1°, and 36.1°) 
corresponding to (ZnO) (JCPDS card no. 036-1451) 
which have been reduced as lasing energy 
increased. The reduction of (ZnO) crystallite 
structure by increasing the lasing energy is due to 
the disparity of the atomic ionic radius. The 
evaluated data from XRD patterns of (ZnS) thin 
films has listed in Table 1. 
 
 

 
Figure 1. XRD patterns of (ZnS) thin films of different lasing energy 
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Table 1. XRD data of (ZnS) thin films 

(ZnS) thin films 2θ (deg.) θ (deg.) ϴ(rad) B(deg.) B(rad) d Å (hkl) 

600 mJ 

26.89 13.445 0.234541 0.192 0.003349 3.311 (100) 

28.514 14.257 0.248705 0.207 0.003611 3.127 (002) 

30.49 15.245 0.265941 0.265 0.004623 2.928 (101) 

750 mJ 

26.9 13.45 0.234628 0.194 0.003384 3.31 (100) 

28.52 14.26 0.248758 0.213 0.003716 3.127 (002) 

30.5 15.25 0.266028 0.238 0.004152 2.928 (101) 

900 mJ 

26.88 13.44 0.234453 0.29 0.005059 3.313 (100) 

28.49 14.245 0.248496 0.29 0.005059 3.13 (002) 

30.467 15.2335 0.26574 0.35 0.006106 2.931 (101) 

To have more information about the environment 
of the films structure, the important structural 
parameters of preferred plane (002) that can be 
calculated from the XRD datahave been calculated 
such as size of crystallite (D) eq. 1,density of 
dislocations (δ) eq.  2, thestrain (ε) eq.3, lattice 
parameters (a)eq. 4and (c)eq. 5 [3, 14, 15,16]. The 
calculated values have been tabulated in Table 2. 

D=                                       (1) 

where λ is the incident Cu Kα radiation wavelength 
(λ= 1.5406 Ǻ), ϴ is the diffraction angle  and β is the 
full width at half maximum. 

δ=          (2) 

a =  λ/ sinϴ                (3) 

c = λ/ sinϴ                              (4) 

ε = β cosϴ /4                          (5) 
Table 2. The important calculated structural parameters of preferred 
plane (002)of (ZnS) thin films 

(002) plane 
of ZnS thin 
films 

D 
(nm) 

δ×10-3 

(1/nm2) 
a (Ǻ) c (Ǻ) 

ε ×10-

3 

600 mJ 39.6 0.637156 3.61 6.258 0.875 

750 mJ 38.5 0.67461 3.61 6.257 0.9 

900 mJ 28.2 1.250682 3.61 6.260 1.226 

It can be seen from Table 2 that the crystallite size 
valuesare within the nanoscale. The calculated 
values of crystallite sizehave been decreased as the 
lasing energy increasing due to the increasing of 
film thickness; hencethe dislocations (δ) and the 
strain (ε) have been increased. The values of the 

dislocations (δ) and the strain (ε) indicate that the 
imperfections have been reduced and the films of 
high crystalline quality. The values of lattice 
constants (a) and (c) are very close to the lattice 
constant values (a= 3.82 Ǻ, c= 6.257 Ǻ) of standard 
data card of (ZnS) (JCPDS card no. 036-1450). 
These closed calculated values indicate that the 
films of low lattice distortion. 

 

Optical Properties 

The optical studies have been investigated to fix the 
suitable application of (ZnS) thin films. The 
absorbance and transmittance spectrums have 
been measured at room temperature in spectral 
region of (300 nmto 1mm). Figure 2 shows the 
dependence of the absorption on wavelength of 
(ZnS) thin films of different lasing energy. The light 
absorption increases with the increment of the film 
thickness according toto Beer – Lambart law. It is 
clearly that the absorbance edge of all films lies in 
the UV region at 340 nm. 
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Figure 2. The absorption spectrum of (ZnS) thin films prepared with different lasing energy 

Figure 3 showns the transmittance of (ZnS) films 
that prepared with different lasing energy. The 
figure shows the films have a transmission of (70-
90%) in visible and NIR region of solar spectrum so 

the (ZnS) films can be used for optoelectronics 
devices as window layers. Thesharp edge of the 
transparent films indicate high crystalline structure 
and surface homogeneity. 

 

Figure 3. The transmittance spectrum of (ZnS) films that prepares with different laser energy 

The absorption coefficients (α) of (ZnS) films were 
calculated by using eq.6 [17] and plotted against 
wavelength in Figure 4. As can be seen in the figure 

the films are of absorption coefficients < 104 cm-1in 
the UV region (absorbance edge). 

α = 2.303 A/t                   (6) 
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Figure 4. The dependence of the absorption coefficient on the wavelength of(ZnS) films synthesized with different laser energy 

 

Figure 5. Plot of (αh𝜈)2 vs. (h𝜈) of ZnS films thin films of different lasing energy 

The energy gap of (ZnS) films is calculated from the 
intersect of linear portion of (αh𝜈)2 versus (h𝜈) as 
shown in figure 5. It can be seen that the energy 
gap of the lowest energy is about 3.8 eV and 
increases to be about 3.88 eV and 3.9 eV for the 
lasing energy of 750 mJ and 900 mJ respectively. 
The energy band gap increases as the laser energy 
increasing may be due to the decreasing in the 
crystallite size [18] with increasing of lasing 
energy. 
 

I-V Characteristics  

The current–voltage (I-V) properties of p-ZnS/ n-Si 
junction oflasing energy of 900 mJunder dark and 
illumination conditions areshowed in Figure 6. As 
shown in the figure, the dark current increases as 
the applied voltage rise up. The reverse current 
grows up with the increment of the intensity of 
illumination lamp. The diode gives a maximum 
open circuit voltage Voc of 168 mV and short-
circuits current Isc of0.18 mA. 
The Imax and Vmax values have been found using the 
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plotted rectangular in Figure 7. The fill factor (FF) 
and the efficiency (η) of the ZnS/Si diode have been 
calculated using (7) and (8) equations respectively 
[19]. 

FF = Imax .Vmax / Isc .Voc              (7) 
η = Pmax/ Pin                                 (8) 

 

Figure 6. The current–voltage properties of p-ZnS/ n- Si junction of 
lasing energy of 900 mJ under dark and illumination conditions 

The calculated values of I-V characteristics of p-
ZnS/n-Si have been listed in Table 3. The low 
calculated fill factor value of 0.29 may be due to the 
presence of high series resistance [20]. The 
efficiency is found to be 14.8 %. 

 

Figure 7. I-V properties of p-ZnS/ n- Si junction under illumination 

Table 3.  I-V measurements of p-ZnS/ n- Si junction of lasing energy of 
900 mJ 

Voc(mV) Isc(mA) Vmax(mV) Imax(mA) F.F η% 
168 0.18 87 0.1 0.29 14.8 
 

Conclusion 

(ZnS) thin films have been synthesized by PLD 
technique with different laser energy values (600, 
750, 900 mJ). The crystalline structure and the 
optical characteristics of the films have been 
investigated.XRD patterns indicate that all the films 
have a hexagonal and polycrystalline structure with 
highest three peaks along (100), (002), and (101) 
planes. The films have transmission of (70-90%) in 
visible and NIR region of solar spectrum so the 
(ZnS) films can be used for optoelectronics devices 
as solar cell window layers. The optical band gap 
increases with increasing of lasing energy to be 3.9 
eVat 900 mJ of lasing energy. The efficiency of the 

synthesized p-ZnS/n-Si diode has been calculated 
to be 14.8 % using I-V characteristic measurement. 
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