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A B S T R A CT  

Studies of pulsed laser annealing (PLA) on semiconductor thin films were performed to examine 

changes of the optical and structural parameters due to the laser heat. Thin films of ZnS/ZnSe were 

deposited on quartz substrates at a pressure of  108.2 -6 mbar using PVD technique. These thin films 

were annealed at different laser powers using CO2 pulsed laser. Transmission and reflection spectra 

were recorded before and after the annealing process. A decrease in the transmission and reflection 

spectra after annealing is observed. The absorption coefficient, refractive index, damping coefficient 

and dielectric constant were calculated before and after the annealing process. Changes in the optical 

parameters are found after the annealing process. The energy band gaps of ZnS and ZnSe have been 

determined. Upon annealing, an increase in the absorption coefficient is observed which is due to an 

improvement in the granular nanostructure of the ZnS/ZnSe thin films. XRD patterns of the prepared 

samples were obtained before and after the annealing procedure and revealed an enhancement in the 

crystallite structure upon annealing. 
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1 Introduction 

II-VI compound semiconductor heterostructures 

have currently draw considerable attention due to 

their outstanding electronic and optoelectronic 

properties [1,2]. Wide bandgap II-VI structures 

are excellent candidates for electronic and 

optoelectronic devices. ZnS has always been a 

promising material for blue and UV light emitting 

diodes and laser diodes [1-4]. When ZnS 

combines with other materials such as ZnSe, it 

produces a stimulating and potentially effective 

heterostructures such as ZnS/ZnSe systems [5-

8]. Such systems are used as phototransistors in 

the UV detection [4]. ZnS and ZnSe exist in two 

crystal forms, cubic zincblende and hexagonal 

wurtzite crystal structures. ZnS has wide direct 

bandgap of about 3.50 eV in the UV region; it is 

used as a key material for blue light emitting 

diodes and other optoelectronic devices [1,2]. On 

the other hand, ZnSe is also a compound direct 

bandgap semiconductor with a bandgap energy 

of 2.7 eV [5]. The transmittance of ZnSe is about 

(0.5-15) m and for ZnS is up to 10 m. These 

facts make both ZnS and ZnSe useful in the field 

of optical applications such as excellent filters in 

the IR spectrum and coatings for high power 

laser windows and as antireflection coatings for 

solar cells fabrication [2]. 

The advance of altering surface layers of 

multilayer structures using pulsed lasers has 

produced a unique branch of material science. 

The spatial and temporal control over the heat 

flow and the energy deposition by these beams 

has opened a wide range of new applications 

varying from growing crystals to quenching alloys 

into metastable states, and from depositing films 

to purifying surfaces. Pulse laser annealing of 

semiconductors was first carried out to remove 

the damage caused by the ion implantation. 

Nevertheless, laser crystallization techniques 

were far more successful in converting 

amorphous Si into a single-crystal Si which in 

turn led to a new production of semiconductor 

devices [9]. Moreover, pulse laser annealing 
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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 substitutional 

impurities diffuse into native lattice sites [10].  

The main objective of this research is to 

investigate changes in the optical and structural 

properties of ZnS/ZnSe heterostructure upon 

annealing at different laser powers using pulsed 

laser annealing technique.  

2 Materials and Methods 

Thin films of ZnS/ZnSe were deposited on 

quartz substrates (USA-pat.3636589) using 

Physical Vapor Deposition (PVD) (Auto 306 

Edwards Coating Unit). First, highly cleaned 

quartz substrates were utilized to prepare the 

ZnS/ZnSe structures. Pure powder of ZnS and 

ZnSe were used for preparation of the structures. 

Table (1) shows the deposition parameters of the 

thin films. The thickness of the multilayer was 

estimated using (FTM) films thickness 

measurement provided inside the PVD Auto 306 

Unit which uses Quartz crystal covered with a 

thin layer of Gold (electrical vibration) connected 

directly into a programmed unit to provide the 

correct reading of the thickness. All of the 

samples were of good quality. 

Table 1: Deposition parameters of ZnS and ZnSe 

thin films at a temperature of C030 . 

Thickness pressure Material 
200 A mbarx 6108 −  ZnS 

500 A mbarx 6108 −  ZnSe 

Several samples of these thin films were then 

annealed using CO2 pulsed laser provided with 

Q-Switch (single pulse) at a wavelength of 10600 

nm and three different laser powers 15, 20 and  

30 W. 

3 Optical Measurements 

Transmittance and reflectance spectra of the 

deposited samples were carried out at room 

temperature in the spectral range from (250-

2250) nm using Jasco V-570 UV-VIS-NIR 

double beam spectrophotometer. Figure (1) 

displays the transmission spectra of the prepared 

structures before and after the annealing 

procedure, where we observe a decrease in the 

overall transmission after annealing. As revealed 

in Fig. (1), a shift in the interference peaks to 

higher wavelengths is seen in addition to a 

decrease in the amplitude with increasing the 

annealing power, which can be attributed to the 

disparities of the structure, morphology and 

composition of the prepared samples after 

annealing due to the heat effect. 

 
Figure 1: Transmission vs. wavelength of the 

deposited heterostructures before and after the 

annealing process. 

Figure (2) illustrates the reflectivity spectra of the 

deposited samples before (control sample) and 

after annealing. An overall decrease in the 

reflectivity after annealing is also observed. 

 

 
Figure 2: Reflectivity vs. wavelength of the 

deposited heterostructures before and after the 

annealing process. 
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The absorption coefficient of a direct transition  
d is related to the photon energy of light as [10]- 
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For h E Eg p  + , where A is a typical 

parameter for particular transitions, Eg is optical 

energy bandgap and hν represents the photon 

energy. The complex refractive index is given by: 
(4)                                             kinn +=~ 

The real part of the refractive index is n and the 

imaginary part which is known as the extinction 

coefficient is k. 

Material response to light can be described by 

both n and k using the following equation [11]: 
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The absorption coefficient and the extinction 

coefficient of the thin films can be determined 

using: 






K

d
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where d is the thickness of the thin film and A is 

the absorption. 

To estimate the energy bandgap of the 

semiconductor thin films, equation (1) was used 

and then plots of 
2)(  h vs. photon energy 

of ZnS and ZnSe were carried out as shown in 

figures (3-a and b). 

 
Figure 3a: A plot of 

2)(  h vs. photon energy 

of ZnS structures. 

The energy bandgap for ZnS thin film was 

estimated as 3.68 eV as depicted in figure 3a. 

 
Figure 3b: A plot of 

2)(  h vs. photon energy 

of ZnSe structures. 

On the other hand, the energy bandgap for ZnSe 

was found 2.69 eV as presented in figure 3b. 

Table (2) shows the direct energy bandgap Eg of 

the prepared heterostructures. 

Table 2: The direct energy band gap Eg of the 

deposited thin films. 
Material ZnSe ZnS 

   

The energy bandgap 

from ref. [4-6] 

 

2.68 

(300K) 

 

3.67 (300K) 

 

The experimental 

values of energy 

bandgap 

 

 

2.69 

(300K) 

 

3.68(300K) 
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These results are in good comparison with 

references [12,13]. Figure (4) shows the 

absorption coefficient vs. wavelength before and 

after annealing. As shown in the figure below, 

when laser power increases the absorption 

coefficient increases too for the whole 

wavelength range. Again this increase is 

accompanied with a shift towards higher 

wavelengths. 

 
Figure 4: Absorption coefficient vs. wavelength 

before and after annealing. 

When comparing the absorption coefficient 

values before and after annealing, we find that the 

greatest change occurs at 30 W laser power. 

The real 1 and imaginary 2 parts of the 

dielectric constant were determined using:  

(7)                                 22

1
Kn −= 

(8)                                     nK2
2
= 

Figures (5-a) and (5-b) show 1 and 2 vs. 

wavelength of the deposited samples before and 

after annealing. We observe a decrease in 1() 

and 2() upon annealing at different laser 

powers. 

 
Figure 5-a: An illustration of the real part of the 

dielectric constant 1 vs. wavelength of the 

deposited samples before and after annealing. 

 
Figure 5-b: An illustration of the imaginary part of 

the dielectric constant 2 vs. wavelength of the 

deposited samples before and after annealing. 

This decrease in 1() and 2() can be attributed 

to a decrease in the damping (extinction) 

coefficient k, as shown in figure (6). 

 
Figure 6: The damping coefficient vs. wavelength 

before and after annealing. 

Moreover, a decrease in the refractive index (n) is 

witnessed after the annealing process at different 

laser powers as can be seen in figure (7). 

 
Figure 7: The refractive index (n) vs. wavelength 

before and after annealing at different laser 

powers. 
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4 X-ray Diffraction Measurements 

The x-ray diffraction spectra XRD of the 

prepared heterostructures were recorded using 

Ni-filtered Cu-Kα radiation (λ=0.154184 nm) 

Philips X-ray diffractometer (model PW 1840). A 

range of 2θ was selected from 200 to 1000 in order 

to detect all possible diffraction peaks. The XRD 

spectrum of the ZnS thin film is presented in Fig. 

(8), while Fig. (9), demonstrate the XRD 

spectrum of the ZnSe thin film. By comparing 

our experimental data with the ASTM cards of X-

ray powder, the peaks are categorized.  

 
Figure 8: XRD spectra of ZnS powder and ZnS thin 

film. 

 
Figure 9: XRD spectra of ZnSe powder and ZnSe 

thin film. 

The formed data of the ZnS and ZnSe thin films 

revealed good agreements with the data of ZnS 

and ZnSe powder file (JCPDS data number 09-

0387 and 09-0345) corresponding to a cubic 

crystalline structure. Certainly, the typical peaks 

of the polycrystalline phase of ZnS and ZnSe 

films can be seen in XRD spectra. The ZnS thin 

film showed a Sphalerite structure [F43m (216)] 

with lattice parameter of 5.401 Å as can be seen 

in Fig 8. Moreover, the ZnSe thin film displayed 

a Stilleite structure [F43m (216)] owing a lattice 

parameter of 5.668 Å as illustrated in Fig 9. 

Likewise, a preferred growth along the <111> 

direction is obvious [10]. Using Scherrer’s 

formula, the crystallite sizes of the examined 

heterostructures were estimated: 

CS = 




cos

k
               (9) 

where λ is the wavelength of the X-ray (0.154184 

nm), k is the shape factor (k= 0.94), CS is the 

crystallite size, β is the corrected FWHM and θ is 

the corresponding angle. The average value of 

the crystallite size of ZnS has been estimated as 

15±1 nm. However, the results showed minor 

crystallite size about 12±1 nm in the case of ZnS 

powder. The average crystallite size of ZnSe has 

been determined as 13±1 nm and the results of 

the powder showed small value around 10±1 nm. 

The x-ray diffraction spectra of ZnS/ZnSe 

heterostructures before (control) and after the 

annealing procedure at different laser powers 

(15W, 20W, and 30W) are shown in figure 10. 

 
Figure 10: XRD spectra of the ZnS/ZnSe thin films 

before (control) and after the annealing at different 

laser powers. 

XRD spectrum of the control sample shows an 

intense peak at an angle of 27.225 which is 

attributed to the (111) plane of ZnSe and also 

another peak at 45.196 attributed to the (220) 

plane of ZnSe. Two peaks concerning the ZnS 

layer exist, one at 27.513 for the (111) plane and 

another at 33.088 for the (200) plane. Upon 
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annealing at 15 W, no changes are witnessed in 

the x-ray spectrum. At 20 W, little changes start 

to appear in the spectrum with a decrease in the 

intensities of the peaks. At 30 W, the peaks 

become more noticeable as shown in the figure. 

Moreover, new peaks start to appear especially 

those remarked by Se at 29.704 for the (111) 

plane and another at 43.644 for the (102) plane of 

Se. The appearance of Se peaks is mainly 

attributed to the segregation of Se ions from their 

places leading to small islands within the film. 

This quite reasonable where Se melts at 

temperatures less than Zn therefore Se diffusion 

into the inner layer of ZnS occurs. This diffusion 

may lead to a new structure of ZnSSe [15,16]. 

5 Results and Discussion 

Pulse laser annealing is a powerful technique for 

annealing out the damage in thin film structures 

and converting amorphous structures into 

polycrystalline or even single crystalline form [9]. 

When performing the annealing process, rapid 

heating and cooling occurs at the surface layers of 

the thin film which depends mostly on the laser 

pulse time which is in nanoseconds. More, the 

laser pulse penetrates only a very small distance 

into the film, therefore melting takes place at the 

surface area of the sample due to the large 

amount of heat delivered by the laser pulse. This 

melting is usually followed by recrystallization of 

the molten layer. Therefore, good annealing 

occurs only to the surface layers while the rest of 

the sample is unchanged. Moreover, pulsed laser 

annealing has the advantage over furnace 

annealing where the temperature rise is sufficient 

enough to dissociate the material [9-11].  

Several samples of these thin films were annealed 

at three different laser powers 15, 20 and 30 W 

using CO2 pulsed laser provided with Q-Switch 

(single pulse) at a wavelength of 10600 nm. We 

can see from the previous experimental results 

that reflection and transmission study of the 

prepared samples are very useful and powerful 

methods for studying phase transitions and 

knowing the influence of pulsed lasers on the 

optical properties of thin films. When the laser 

pulse is absorbed at the surface region of the 

target, it produces heat. This localized heat, which 

depends on the absorbed power, the laser pulse 

time and characteristics of the sample structure, 

can cause melting followed by recrystallization of 

the surface layers in extremely short times if the 

total pulse energy is sufficient to raise the 

temperature of the solid up to the melting 

threshold. Upon annealing at different laser 

powers, a decrease in the transmission (and 

reflectivity) occurs (figures 1 and 2) which means 

an increase in the absorption. A shift to higher 

wavelengths of the interference peaks is noticed 

and a decrease of the amplitude with increasing 

laser power (Fig.1), which is ascribed to the 

alterations of the morphology, structure and 

composition of the heterostructures after 

annealing. Figure (4) illustrates that when the 

laser power increases the absorption coefficient 

increases too for the whole wavelength range. 

This is mainly due to the heat effect of the pulsed 

laser on the ZnS/ZnSe structure [16,17]. Again, 

this increase is accompanied with a shift towards 

higher wavelengths. This increase indicates that 

the quality of the samples is enhanced.  X-ray 

diffraction spectra of the deposited thin films 

showed a polycrystalline phase of ZnS and ZnSe 

films [17, 18]. The ZnS thin film showed a 

Sphalerite structure with lattice parameter of a= 

5.401 Å while the ZnSe thin film showed a 

Stilleite structure having the lattice parameter of 

a = 5.668 Å. Upon annealing at different laser 

powers of the ZnS/ZnSe structures, little 

changes occur at 15 and 20 W. The greatest 

change occurs at a power of 30 W, where new 

little peaks start to appear in the x-ray diffraction 

pattern. This is due to the rapid heating and 

cooling of the surface which in turn led to 

recrystallization and another modified structure 

such as ZnSSe may start to appear [16]. 

6 Conclusion 

Pulsed laser annealing was carried out on 

ZnS/ZnSe thin films. Upon annealing, an 

increase in the absorption coefficient is observed 

which is due to an improvement in the granular 

nanostructure of the ZnS/ZnSe heterostructures. 

The optical energy bandgaps of ZnS and ZnSe 

have been determined and estimated as 2.69 eV 

for the ZnSe and 3.68 eV for the ZnS 

respectively. XRD patterns of the deposited 

heterostructures before and after annealing 
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showed an enhancement in the crystal structure 

where a preferential orientation with the (111) 

planes parallel to the substrate surface are 

observed.  
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