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Abstract: 
A thin film of Zinc Sulfide (ZnS) nanoparticles was deposited on quartz substrate under vacuum using thermal 

evaporation technique at room temperature. The X-ray diffraction pattern was used to analyze the surface 

morphology and find the particle size.  

The optical transmission and reflection spectra have been measured in the wavelength range 190 – 2400 

nm.The optical constants were estimated at different photon energy in the range between 0.5 and 3.5 eV. 

Besides, the absorption coefficient, type of optical transition, type of optical gap and energy gap of ZnS thin film 

were revealed. 

The photoluminescence spectrum study of the as prepared ZnS thin film was found to exhibit a broad peak, with 

different emission peaks, which may be attributed to different defectlevels. 
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I. Introduction: 
One of the most attractedsemiconductor materials(among the II-VI compound materials) is Zinc sulfide 

(ZnS) which has awide energy bandgap (3.6 eV) and direct optical transition at room temperature[1-3].  

Zinc sulfide can be formed in two different crystal structures with the same bandgap energy (zinc 

blende and wurtzite). ZnS has been used in many application aspects  such as field emission display, the cathode 

ray tube and the scintillator as one of the most frequently used phosphors [4, 5].Besides, thin films of ZnS can 

be used as an active emitting material in such a device, termed the hot electron cold cathode[6].For all that 

mentioned, the potential applications such as optoelectronics, solar cells, and ultraviolet light-emitting diodes, 

sensors, flat panel displays, antimicrobial activities, electroluminescent and photocatalytic are applications of 

ZnS thin film[7-9]. 

Many laboratory techniques have been used to deposit ZnS as a thin film like thermal evaporation, 

electrochemical deposition, spray pyrolysis, sputtering [10],, Molecular beam epitaxy, RF reactive sputtering, 

Chemical bath deposition, ultrasonic spray, . . . etc. Among these techniques, the most interesting technique is 

the thermal evaporation technique because it hasthe advantages depend on the high stability [11], high 

deposition rate, high reproducibility, large-area deposition, and non-expensive. The thermal evaporation 

technique has helpful economical and providesevaporation of material bya constant rate of deposition.  

The aim of this research is to illustrate the preparation of ZnS monocrystalline thin films using the 

thermal evaporation method. Study the optical properties of the monocrystalline material.To investigate the 

crystal structure and morphology of the prepared ZnS compound. 

  

II. Experimental: 
Chemicals: 
For the preparation of stoichiometric semiconducting ZnS thin films, the material used as a source is a 

nanoparticles powder of ZnS nanocrystal prepared in our lab using co-precipitation technique. 

 

Substrate cleaning: 

Theimportant role of having high quality thin film by deposition is the substrate cleaning. The substrates were 

washed by hot distilled water and soap several times. By using the Branson-120 device, the substrates were 

exposed to ultrasonic waves for 15 minutes in a solution of distilled water and ethyl alcohol. Finally, the 

substrates were washed with distilled water and ethyl alcohol then, put in dry oven. 

 

Preparation of ZnS thin films: 

Particles of ZnSnanocrystals were prepared, before the deposition using theco-precipitation technique using the 

above chemicals. 
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The ZnS thin films of 630 nm thickness have been deposited oncleaned glass substrates at 

roomtemperature by the thermal evaporation technique. The filmwasfabricated under a vacuum of (5x10
-5

 Torr). 

The nanoparticles of zinc sulfide are used as the source material. The stoichiometric starting source materials 

(ZnS) were loaded in a molybdenum boat and evaporated in a vacuum (5x10
-5

 Torr) in the chamber system 

equipped with a nitrogen liquid trap.  

At a distance of 140 mm, the source materials were kept far from the substrate holder in a vacuum 

chamber. During the deposition processes,the substrate was placed normal to the line of sight from the 

evaporation surface at different polar angles to obtain a uniform deposition.  

 

Characterization of thin films; 

Structural characterization: 

The X-ray diffraction (XRD) pattern of the deposited thin film have been recorded by XRD, (Philips X’ pert 

MPD, Panalytical, Netherlands) Nickel–filtered copper radiation with λ=1.540 Å.The crystallite size, D, and 

dislocation density of deposited thin film were calculated by using Debye–Scherer’s formula [12]. 
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where λ is wavelength of radiation used, Ө is diffraction angle of the concern diffraction peak, β is the full width 

at half maximum (FWHM) of the diffraction peak corresponding to a particular crystal plane and  is the 

dislocation density. 

 

Optical characterization: 

Theoptical transmission, reflectionspectra were recorded by the spectral distribution of transmittance 

and reflectance of the film was measured using V-670 UV-VIS-NIR Spectrophotometer. The wavelength range 

was(190 – 2500 nm) at room temperature for the optical characterization of thin filmthat was deposited on a 

quartz substrate. The absorption coefficient (𝛼) was calculated for the deposited thin film in the region of strong 

absorption using the relation. 

 

2 4 2 2(1 ) (1 ) 41
ln

2

R R R T

d T


   
  

  

(3) 

where α is the absorption coefficient at particular wavelength, T is the transmittance at same wavelength, and d 

is the film thickness.The band gap of thin film has been calculated by using Tauc relation [13]. 
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where hν is photon energy, Eg is band gap, A is constant, and n =2 for direct band gap material. 

 

Photoluminescence characterization: 

Absorption and photoluminescence measurements have been carried out using a spectrophotometer and a 

spectrofluoremeter (Jasco FP 6300) equipped with a xenon lamp. 

 

III. Results and discussion: 
Structural analysis of thin films: 

The X-ray diffraction pattern of the deposited ZnS thin film is shown in Fig. (1). The XRD 

measurement reveals that the peak broadening in the XRD pattern clearly indicates the formation of ZnS 

nanocrystal of small size. The cubic phase of the crystals has identified and confirmed the agreement of peak 

position with standard (ICDD) reference card No. 04-004-3804. The nanocrystals of ZnS have different planes 

(111), (220) and (311)[14]. The calculated average size using equation (1) was found to be 19.3 nm. The crystal 

structure gleaned from the x-rays investigated is cubic. 

The pattern of ZnS nanocrystal as deposited  thin film with thickness of 630 nm on a cleaned glass 

substrate obtained from X-ray diffraction is shown in Fig. (1), which confirms broad peaks indicating the 

formation of the film nanocystallinity. 
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The standard (ICDD) reference card No. 04-004-3804 gives a goodconfirmation with the X-ray pattern peaks 

position indicating the main peak occurs at 2Ө = 28.69with plane (111).The other peaks occur at 2Ө = 48.70and 

50.09 with different planes (220) and (311) respectively with preferential orientation along (111) plane and 

illustrate the cubic phase of nanocrystalline particles. 

The experimental and standard d values of ZnS thin film are given in Table 1. The calculated average grain size 

was 19.3 nm and dislocation density of the thin film was 5x10
11

line/m
2
. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1 : XRD patterns of ZnS Thin films. 

 

Table 1: Experimental d spacing and lattice parameter a value compared with data card 

(04-004-3804) for ZnS: 
  Plane 

  (h k l) 

Size 

(nm ) 

Experimental 

d  value (A˚ ) 

Lattice 

Parameter a (A˚) 

 

Standard 

d value (A˚) 

Card Lattice 

 parameter (A˚) 

 

( 111 ) 10  3.109                                 5.369               3.1236  
 
 
 
        5.4102 

 

( 220 ) 8.7      1.868 5.283   1.9128 

( 311 ) 39.3      1.640 5.439 1.612 

 

Optical analysis of thin film: 

Theoptical transmission and reflection spectra of ZnS thin film in the wavelengths range from 200 to 

2500 nm are shown in Fig. (2). It is clear from Fig.(2) that all transmittance spectrum show interference fringes 

in all range of wavelength with a sharp fall at the band edge in the range of 300-400 nm; whereas the 

interference effects disappear below this rang. The intensity value of the interference fringe is around 90% in the 

transparent region.This value was found to be gradually decreasing when the wavelength approaches the 

absorption edge region. 
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Figure 2 the spectral distribution of transmittance and reflectance of as-deposited ZnS film. 

 

The absorption coefficient 𝛼(ℎ𝜐) was calculated from the experimental values of transmittance 𝑇(𝜆) and 

reflectance 𝑅(𝜆) by using equation (3) [15]. 

The optical band gaps (𝐸𝑔) of ZnS film was evaluated from the optical transmittance and reflectance data using 

the Tauc’s relation equation (4)[16, 17] 

 

 
Fig.(3)Direct optical band gap of ZnS film deposited on quartz substrate. 

 

The value of the optical band gap is calculated by extra-plotting the linear part of (αhυ)
1/2

 vs. hυ graph 

in the strong absorption region as shown in  fig.(3). The obtained band gap value of the sample is 3.3 eV[18, 

19]. Such value seems to be consistent with the previously reported values [4, 20] 
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Evaluation of the refractive index and absorption coefficient:  

The extinction coefficient, k, and the refractive index, n, of ZnS material thin film are pivotal 

parameters to determine the optical parameters and play a vital effect for the optoelectronic applications and 

device fabrication. They were estimated utilizing the following relations [21]:  
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The dispersion curve of refractive index, n, and the extinction coefficient, k, versus photon energy in the range 

from 0.5 eV to 3.5 eV, is shown in Fig.4. It demonstrates that the anomalous dispersion in the energy range hν ≤ 

3 eV exists at all peaks, which be a function in refraction fringes. 

 

 
Figure 4The spectral distribution of the refractive index and extinction coefficient for ZnS thin films. 

 

Photoluminescence analysis: 

The photoluminescence, PL, spectra of ZnS thin filmis shown in fig.(5). The PL spectra of the ZnS thin 

film is recorded at room temperature for the excitation wavelengths 340 nm. 

The emission spectrum shows a maximum at 340 nm and the asymmetric curve implies superposition 

of multiple emission bands. With 340 nm excitation, the PL spectra show an intense peak at 399 nm and two 

weak peaks at 435 nm 525 nm beside peak at 640 nm for the film. The violet-blue emission at 399, 430 and 468 

nm may be ascribed to a transition involving vacancy states of ZnS films [22]. The luminescence peak around 

399 nm is associated with the zinc vacancies [23] while the emission at 435 nm may be ascribed to S vacancies 

[24]. The  peak centered at (486 nm) is due to the recombination between CB to a trap states emission of ZnS 

(Vzn) [25]. The 525 nm emission has been attributed to elemental sulfur species on the surface of the sample 

[26]. The orange emission at 585 nm may be due to the nanoparticles [27, 28]. The 640 nm emission may be due 

to the lattice defect [29]. 

In different material of semiconductors, the luminescence can occur due to excitonic and trapped 

emissions. The inter impurity may induce effects on the intensity luminescence peaks observed in the spectrum 

of the measured film. Besides, most of peaks occur at an energy lower than the optical band gap indicating the 

presence of impurity states in the mid band gap region. This type of luminescence is due to emissions associated 

with the vacancy states [30]. 
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Figure 5 Photoluminescence (PL) emission spectra of ZnS films. 

 

IV. Conclusions: 
Thin film of ZnS of nanocrystallite size has been successfully produced from ZnS nanocrystals 

synthesized by co-precipitation technique. The XRD pattern of ZnS exhibits the main strong reflection peak at d 

value = 3.1 A˚. Such peak corresponds to the (111) plane. Two other reflection peaks with weak intensity were 

observed and referred to planes (220) and (331) at d = 1.868 A˚ and 1.640 A˚ respectively. Such peaks confirm 

the formation of ZnS in a cubic zinc blend structure with a lattice constant ~ 5.3460 A˚. The average crystallite 

size is about 19.3 nm. The optical properties of ZnS thin film were manifested through T and R measurements. 

Direct allowed optical transitions with energy gap of about 3.3 eV. Maximum emission was observed at 399 nm 

was attributed to Zn vacancies while theemission noticed at 435 nm was attributed to the Svacancies. 
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