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In this work, a p-n junction was created by preparing a thin layer of ZnS, an n-type 
semiconductor, on a p-type silicon substrate. The 200°C temperature. The ZnS thin 
films' polycrystalline nature of the wurtzite-hexagonal type and favored growth 
direction (100) were revealed by the X-ray diffraction. The direct optical energy gap of 
3.64 eV for ZnS thin films was demonstrated using optical properties. The cross-
sectional measurement of the ZnS film revealed that its thickness was 322.45 nm. 
Voltage-current characteristics show the behavior of the diodes and the built-in voltage 
was also ascertained by capacitance-voltage measurements. The constructed 
heterojunction's band diagram (np) is assumed in this investigation. 
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1. Introduction 

The Greek term "sphalerite," which suggests that it 

has no common resemblance to other minerals, 

describes zinc sulfide (ZnS), a mineral sulfide 

compound. Its yellow, clear, or semi-transparent 

chemical formula is ZnS [1]. In addition to being low 

toxicity, when its sublimation is low, it does not 

dissolve and dissolves in acids but not in water. With 

appropriate grafting, ZnS may be created in the almost 

visible range, making it an ideal illuminating material 

with a broad energy gap [2]. Two types of ZnS are 

distinguished by their composition: The most stable 

phase at room temperature is the cubic phase 

(zincblende) and the hexagonal phase (wurtzite) can 

be reached by heating it to 1293K at pressure of air. 

The hexagonal phase, also known as wurtzite, is the 

most preferred form of ZnS due to its superior visual 

characteristics and ability to function as a sulfide. ZnS 

is utilized in lasers, the industry for diodes that 

generate blue light, as well as coatings that are anti-

corrosive and anti-reflective. Additionally, television 

and X-ray displays may be made using it [3]. 

 

2. Experimental Part 

In order to prepare solutions for the production of 

zinc sulfide (ZnS) films, aqueous zinc nitrate 

(Zn(NO3)2.6H2O) is a powder material with a 

molecular weight of 297.384 g/mol, a white powder of 

rapidly water soluble masses, a purity of 99.9%, and 

thiourea (SC(NH2)2), a material that is 98% pure and 

has a molecular weight of 76.614 g/mol. In order to 

create the first solution, 1.486 g of zinc nitrate were 

dissolved in 100 ml of distilled water at room 

temperature at a concentration of 0.05 M. 0.1 M was 

the concentration at which the second solution was 

prepared. 0.076 g of thiourea was dissolved in 100 ml 

of distilled water to create the second solution, which 

was at room temperature and had a concentration of 

0.01 M. After mixing the solutions, a magnetic stirrer 

was employed to make sure the solutions were 

completely dissolved. The solutions are left on the 

magnetic mixer for ten minutes until they are uniform 

and plankton-free. The two solutions are then 

combined in an identical volumetric ratio (1:1). To 

guarantee full dissolve and produce a homogenous 

solution, the mixture is left on the magnetic mixer for 

an additional ten minutes. 

Because it is cost-effective due to the low cost of 

the manufactured devices used in the preparation of 

these membranes and appropriate for the preparation 

of oxides and sulfate materials, the thermal chemical 

spraying method has been used to create thin films, 

which can be achieved by combining two or more 

materials with different melting points. Under typical 

circumstances, the thin films are made. At a 

temperature of 200 °C. The ZnS solution is applied to 

p-Si and glass substrates. Substrates and the spray 

device (nozzle) should be 28 cm apart since any closer 
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and the material will evaporate before it reaches the 

substrate. 

The thin films were deposited on substrates of p-

type silicon with electrical resistivity (1-10 Ω.cm), 

orientation of (111), and thickness of 500 nm. These 

were then cut into pieces measuring 1.25x1.25 cm2, 

cleaned with HF acid diluted with methanol in a ratio 

of (1:9), and left the slices with Si substrate in this 

acidic solution for a minute. The samples were then 

rinsed with distilled water three times to ensure that 

the solution remnants were disposed of, and finally 

dried thoroughly using cloths meant for cleaning 

lenses, The samples were annealed at 300 °C. After 

ZnS thin films were deposited at a substrate 

temperature of 200 °C, A FE-SEM device was used 

for 30 minutes to measure the cross-sectional 

thickness of the films. Aluminum electrodes were 

formed using a thermal evaporation method at low 

pressure (5x10-5 mbar) and thickness of 200±20 nm, 

and the structure of the films was analyzed by X-ray 

diffraction. All prepared films were optically 

measured using a Shimadzu 1800 UV-Visible 

spectrophotometer in the wavelength range of 180–

1100 nm, a 2450 Keithley electrometer for the 

investigation of current-voltage (I-V) characteristics, 

and an LCR meter (HP-R2CC4274) for the 

measurements of capacitance-voltage (C–V) 

characteristics. 

 

3. Results and Discussion 
A hexagonal system in the favored growth 

direction (100) was shown by the XRD findings for 

ZnS film at a different substrate temperature of 200 °C 

annealed at 300 °C for 30 minutes. The thin film X-

ray diffraction patterns are displayed in Fig. (1). At 

angles 2θ = 26.02°, 48.167°, and 58.168°, the peak 

locations are (100), (110), and (201), correspondingly 

[4,5]. When the peak positions are compared to the 

zinc sulfide standard card (ICDD) 00-036-1450, table 

(1) displays the structural characteristics for standard 

peaks. According to the result, when the full-width at 

half maximum (FWHM) increases, the average 

crystallite size falls. 

A decrease in the FWHM of the most-intensitve 

peak and an increase in the intensity of the ZnS peaks 

are also seen. Using the Scherer’s equation (1) [7], the 

average crystallite size was determined, and it was 

between 28.42 and 44.58 nm. 

𝐷𝑎𝑣𝑒 = 0.9𝜆 𝛽𝑐𝑜𝑠𝜃⁄     (1) 

The Bragg's diffraction angle is represented by 𝜃, the 

FWHM (in radians) by 𝛽, and the X-ray wavelength 

(Kα-line) by λ = 1.5406 Å 

 
Table (1) Structural parameters of ZnS thin film 

 

(hkl) FWHM (rad) (2θ)exp. (deg) (2θ)ICDD (deg) 

(100) 0.22805 26.023 26.915 

(110) 0.22843 48.167 47.562 

(201) 0.22884 58.168 57.583 

 

 
 

Fig. (1) XRD pattern of prepared ZnS thin film 

 

By examining the surface morphology of the 

prepared thin films using field-emission scanning 

electron microscopy (FE-SEM), figure (2) 

demonstrates that the thin film structure is composed 

of highly ordered nanostructures with a cauliflower-

like morphology, indicating controlled nucleation and 

uniform growth [4-6]. It was determined that the film's 

thickness is 322.45 nm, as illustrated in Fig. (3), and 

that the film's characteristics are uniform and 

considerably deposited using the cross-section 

technique in the scanning electron microscope 

apparatus. 

 

 
 

Fig. (2) FE-SEM image of prepared ZnS thin film 

 

 
 

Fig. (3) Thickness of the deposited ZnS thin film 
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Using Eq. (2), the absorption coefficient of the 

prepared films was determined, and the absorption 

spectrum as a function of wavelength is displayed in 

Fig. (4a). The findings indicated that the visible region 

of the electromagnetic spectrum (300-700 nm) has the 

highest absorption; nevertheless, its energy gap is 

more substantial. The aforementioned remark implies 

that the film demonstrates elevated permeability and 

finds use in heterojunctions, reagents, and solar cell 

construction [17]. Figure (4b) shows the variation in 

the absorption coefficient as a function of the incident 

photon energy. The absorption coefficient's highest 

notable values are obtained at high photon energies (4-

4.3 eV), indicating that electronic transitions between 

the valence and conduction bands may take place and 

that the absorption process takes place in this range, 

including the edge of optical absorption. The findings 

showed that when the produced films' photon energy 

increased, so did the absorption coefficient. 

 

 
(a) 

 
(b) 

Fig. (4) (a) The absorption spectrum, and (b) the variation of 

absorption coefficient with incident photon energy for the 

prepared ZnS thin film 

 

This aligns with the findings of other 

investigations [13,14]. Estimating the difference 

between the valence and conduction bands — which 

may be used to ascertain the electrical, thermal, and 

electronic characteristics of materials — was done by 

calculating the energy gap value. Equation (2) uses the 

Tauc formula to do the direct energy gap calculation. 

[11]. Taking into account that The permitted 

transitions are of the direct kind, meaning that the 

constant value (r = 1/2), and by showing how ((αhv)2) 

and the incident photon energy are related, as well as 

by extending The magnitude of the optical energy gap 

is shown by the straight portion of the curve that 

intersects the photon energy axis at ((αhv)2) = 0, as 

seen in Fig. (5). It was found that the optical energy 

gap value for the zinc sulfide (ZnS) films with a 

thickness of 322.45 nm was 3.64 eV, which is 

consistent with [12,13] 

𝛼ℎ𝜈 = 𝛽(ℎ𝜈 − 𝐸𝑔)
𝑟
   (2) 

In this case, β stands for a constant, α for the 

absorption coefficient, hν for incident photon energy, 

Eg for the optical bandgap, and r=1/2 for the allowed 

direct transition 

 

 
 

Fig. (5) Tauc’s plot of the prepared ZnS thin film 

 

The relationship between reciprocal temperature 

and conductivity is seen in Fig. (6). The conductivity 

rises with temperature between 313 and 453 K, 

indicating that the films are semiconductors. 

The activation energy decreases as the temperature 

rises and hence the conductivity rises. This may be 

attributed to the large particle sizes and good 

crystallization. Generally, the crystallinity and carrier 

charge mobility of films are significantly affected by 

grain boundary scattering. The charge carrier transport 

mechanism in thin case caused the grain expansion to 

lower the grain boundary scattering [18]. This 

electrical conductivity may be found by using the 

relationship that follows: 

𝜎𝑑𝑐 = 𝜎0𝑒𝑥𝑝 (−
𝐸𝑎

𝑘𝐵𝑇
)   (3) 

The activation energy for conduction is 

represented by 𝐸𝑎, the temperature-independent 

constant by L, the Boltzmann's constant by kB, and the 

absolute temperature by T. In table (2), the 
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conductivity and activation energy values are 

displayed. The activation energy (𝐸𝑎) is calculated 

using the linear relationship between Ln(σ) and 

1000/T, is seen in Fig (6). Due to the presence of two 

interconnected areas in the ZnS thin film, the 

conduction mechanism is altered. Low temperatures 

(313–413K) are found in the first zone, whereas 

higher temperatures (313–453K) are found in the 

second [19]. 

 

 
Fig. (6) Variation of Ln(σ) with 1000/T for ZnS thin film 

 
Table (2) The activation energy and optical energy gap of the n-

ZnS/p-Si structure 

 

𝑽𝒃𝒊(𝒆𝑽) 𝑬𝒈𝟐 𝑬𝒈𝟏 ∆𝑬𝒗 ∆𝑬𝒄 𝑬𝒂𝟐 𝑬𝒂𝟏 Sample 

0.3 3.64 1.12 1.96 0.56 0.7843 0.3722 np 

 

Variation in capacitance has been investigated for 

the n-ZnS/p-Si heterojunction at a frequency of 10 

kHz as a function of the forward and reverse bias 

voltages in the range from -1V to 1V. The junction 

was abrupt, as shown by the straight-line relationship 

between the voltage and the reciprocal squared 

capacitance (1/C2), which is displayed in Fig. (6). 

Figure (7) shows that the value of built-in potential 

(Vbi) can be determined from the C-V measurement as 

the intersection of a straight line with the voltage axis. 

The optical energy gap and DC measurement are 

used to create the energy beam diagram for the n-

ZnS/p-Si heterojunction, as seen in Fig. (8). The n-

type and p-type semiconductors will diffuse the holes 

from n-ZnS to p-Si at an asymmetric heterojunction (a 

junction) in the absence of an external voltage. While 

the band bends upward in p-Si due to a reduction in 

valence band energy, the band bends downward in 

ZnS because the positive ions will continue to be 

diffused in ZnS close to the junction [14]. Using 

Anderson's model, the conduction band change equals 

the valence band change, which is equal to ΔEV, as 

seen in Fig. (8). 

Plotting the energy band diagram requires the 

following parameters, which can be determined using 

equations (1) and (2) [12]: 

∆𝐸𝑐 = χ1 − χ2        (4a) 

∆𝐸𝑣 = (χ2 + 𝐸𝑔2) − (χ1 + 𝐸𝑔1) = ∆E𝑔 − ∆χ   (4b) 

For p-Si, the optical energy gaps is Eg1, and for n-

ZnS, it is Eg2 [14]. The two semiconductors are 

determined to have distinct energy gaps (Eg) and 

electron affinity values for p-Si and n-ZnS, 

respectively, based on experimental observations. The 

differences between the n- and p-type valence bands, 

conductivity bands, and optical energy gaps are 

displayed in table (2). 

 

 
Fig. (7) Determination of built-in voltage of the n-ZnS/p-Si 

heterostructure 

 

 
 

Fig. (8) Suggested band diagram of n-ZnS/p-Si heterojunction 
 

4. Conclusion 

An n-ZnS/p-Si heterojunction was successfully 

fabricated by depositing a polycrystalline ZnS thin 

film with wurtzite-hexagonal structure and preferred 
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(100) orientation onto a p-type silicon substrate at 

200°C. The film exhibited a direct optical band gap of 

3.64 eV and a thickness of 322.45 nm. Electrical 

measurements confirmed diode-like behavior and 

enabled determination of the built-in potential. These 

results demonstrate the potential of ZnS thin films for 

optoelectronic applications, particularly in UV 

detection and photovoltaic devices 
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