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Abstract 
 

    Semiconducting Zinc sulphide (ZnS) thin filmwas deposited on glass substrate usingchemical 

spray pyrolysis technique.The suitable deposition temperature was 400 ±3°C, and the thickness of 

the films was found to be 420 ±5nm. The X-ray diffraction (XRD) analysis showed that the film 

was polycrystalline with grain size of crystallite 16 nm. The electrical properties were studied for 

prepared film, and the results showed a linear behaviour of I-V characteristics at the voltage range 

of 30 -100 V. Resistivity of ZnS sample decreases with temperature, and found to be 

               at room temperature while the conductivity was                    . The 

activation energies were found to be temperature dependent and showed two values 0.21(eV) for 

temperature range (293-453)K and 0.233(eV) for temperature range (463-513 )K. Hall coefficient 

(RH) was calculated, its value pointed that the films was n-type, and the carrier concentration was 

estimated as               
 

    , while the mobility  was     
   

   
 . 
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Introduction 
    Zinc sulfide (ZnS) is one of the first semiconductors discovered and be also an important 

semiconductor material, which has attracted much attention from the viewpoint of fabrication of 

many optoelectronics devices because of their unique properties such as quantum size effect and 

abnormal luminescence phenomenon 
[20]

. ZnS nanoparticles, several potential and actual 

applications were reported, i.e. in optoelectronic devices, light emitting displays, photocatalysis, 

solar cells and luminescent materials, and many of these applications require nanostructures with 

the high dispersion, stability and size uniformity
 [2, 17, 19].

. It has a high absorption coefficient in the 

visible range of the optical spectrum and reasonably good electrical properties in which the direct 

wide band gaps for cubic and hexagonal phases were 3.72 and 3.77 eV, respectively
[4]

. Besides, 

ZnS can be used as a light emitting diode in the blue to ultraviolet spectral region
[1].

, and also as a 

reflector, because of its high refractive index value. However, deposition of a high quality ZnS thin 

film over a large area is required for electroluminescent devices and solar cells. 
[4,12].

Many growth 

techniques have been reported to prepare ZnS thin films, such as sputtering, pulsed-laser 

deposition, and metal organic chemical vapor deposition, electron beam evaporation, 

photochemical deposition, thermal evaporation, chemical spray pyrolysis, sol-gel processing, co-

precipitation and chemical bath deposition
[1, 10, 12,15].

. There have been various studies on the bulk 

and thin film characteristics of ZnS by different methods, but in the present work, the chemical 

spray pyrolysis was used to prepare ZnS thin film and study its characterization for structural and 

electrical properties using XRD analysis, resistivity, electrical conductivity, activation energy and 

Hall measurements such as carrier concentration and its mobility. 
 

Theoretical consideration 
    The theoretical ideas of structural properties comes from X-ray diffraction analysis (XRD) in 

which their diffractogram peaks are performed as a result of instructive interference of diffracted 

wave front. The geometric explanation of this diffraction could be represented by the formulation 

of Bragg
 ,
s law:

[21]
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where λ is the wavelength of radiation , dhkl is the spacing between (hkl) planes, and θ is the 

diffraction angle. The crystallite size has been estimated, from the full width at a half of maximum 

intensity of the strongest diffracted peak (FWHM), by the Schrrer relation
[13]

: 

 

where, is the crystallite size, and  is the angular width (FWHM). 

The theoretical relations of electrical properties used in our workreturns to Ohms theory. 

The resistivity is calculated using the following equation:
[21]

 

 

where  is the resistivity,  is the thickness, and are the length and the width of the sample 

respectively.  IfW L   length of electrode, the Eq. (2.3) becomes   

 
    The above relation reveals that resistance Rs of square film does not depend on the size of 

square, it depends only on resistivity and thickness of the film, where Rs is known as sheet 

resistance of the film and is expressed in Ohms per square (Ohms/ ). It is very useful parameter 

for the evaluation of thin films for optoelectronic applications.
[6 , 9]

 

The electrical conductivity σ was investigated by the relation: 

 
    The electrical conductivity can be related with mobility by the relation; 

 

Where  is the carrier  concentration,  is the electron charge  

(e = 1.6x10
-19

C) and  is the mobility .The activation energy was obtained using the relation:
[14]

 

 
where, is a constant, the activation energy for conduction, K the Boltzman constant and T 

the absolute temperature.  can be calculated from slope of the curve (lnσ versus  ) . 

 The equations of Hall effect which can be used in this work are: 

 
    Where VH is the Hall voltage in the Y- direction, RH is the Hall coefficient, BZ is the magnetic 

field in Z-direction, t is the thickness of the film and Ix is the current in the X-direction. RH can be 

calculated by slope of the relation (2.8), while the carrier concentration n can be calculated from 

Hall effect by the following relation:        

 
The carrier mobility can be obtained from Hall effect by substituting (2.9) in (2.6). 

 
Experimental work 
 Zinc sulfide thin film was deposited on glass substrates (2.5 x 7.6 cm

2
) using spray 

pyrolysis technique, this technique is widely used for the large-scale production of films owing to 

its low production cost and simplicity of operation. The glass substrate was cleaned by distilled 

water and then by pure alcohol for 10 minutes. It was further cleaned in ultrasonic bath using 

distilled water for 20 minutes and dried by hot flowing air using blower. Solution containing Zinc 

Chloride (ZnCl2) and Thiourea (SC(NH2)2).of molar concentration 0.1 M/L were used to prepare 
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ZnS thin film. The prepared solution was sprayed at a spray rate of 5 ml/min onto clean glass 

substrates maintained at different temperatures 300
o
C, 350

o
C, 400

o
C

o,
 and 450

o
C, and the films 

have been checked for homogeneity and measuring thicknesses, by multiple beam interferometer 

method, using He – Ne laser with monochromatic wavelength 632 nm, therefore, the thickness 

measurements of these films could not be obtained if the film is not homogeneous, while the 

homogeneous film can be easily measured. So, the thickness of the film deposited at 400 C
o
 was 

found to be the most homogeneous film than theother films deposited at 300
o
C, 350

o
C and 450

o
C 

temp., and its thickness was found to be (420±5) nm. This is in agreement  with other previous 

studies which  have showed  that films deposited at 400
o
C has homogeneity

[22]
.The homogenous 

film was cut into  small square samples  with dimensions of 10x10 mm
2
 , and covered with clean 

clothes inside clean box to avoid contamination on the film surface before aluminium (Al) 

electrodes deposition, previous studies  have shown  the same sample preparing method
[9]

. Suitable 

masks were made from aluminum foil for depositing electrodes, where pure aluminium thin film 

electrodes were deposited on the square film by thermal evaporation technique with vacuum 10
-6  

Torr  and temperature 700
o
C to obtain Ohmic contact with two prope, according to equation (2.3), 

in which the length of both electrodes was the same, and equal  the dimensions of square sample. 

    The structures of the prepared thin films were obtained using the XRD techniques, using 

radiation from CuKα radiation target (λ=1.54 A
o
) in the range of 2θ between 20

o
–60

o
. The peaks of 

x-ray diffractogram were performed as a result of instructive interference of diffracted wave front 

from parall plane of crystal. The inter planer distance d(hkl) for different planes was measured by 

using equation(2.1). The grain size of crystallite can be calculated, using the equation (2.2). 

    The electrical properties studied in this work, such as I-V characteristics  resistance, activation 

energy and Hall measurements were measured, using the sensitive digital electrometer (Kiethley 

model 610 B) in which DC Resistivity and activation energy of the film can be calculated by the 

equations ( 2.4)  and (2.7),  respectively  and  carrier concentration and its mobility  can be 

calculated by equations ( 2.9 ) and (2.10 ) respectively. 

 

Results and Discussion 
    Figure (4.1) shows the x-ray diffraction of ZnS filmIn which the broad peaks were observed at 

2θ values of 28.8°, 33.5°, 48.2° and 57.8°. This schematic showspolycrystalline with cubic 

structure in nature with (111) plane in preferred mode, which closely matches with the (111), (200), 

(220) and (311) crystalline planes of the cubic structure of ZnS reported in the ASTM cards data , 

and is in agreements with previous studies also
[18]

. Since the  card does not show any new XRD 

peaks differences with ASTM cards peaks of ZnS film, that  mean the sample  is pure. The grain 

size of the crystallites is approximately 16 nm, which is different than the values obtained from 

other studies 
[3,22]

 because of the different preparation methods  and purity. 
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Figure (4.2) shows the linear I-V characteristic behaviour for ZnS in which the result 

indicates that the prepared films show ohmic behaviour. This result is in good agreement with the 

result of - Huang Jian et al.
[5]

 Besides, the linearity may be due to the decrease of  carrierstrapping 

processes, as a result of the increase in the applied voltage . 

 
    The electrical resistance of the film can be obtained by determining the reciprocal slope of the 

linear I-V curve (Fig. 4.2), and was found to be equal 32.6 M  and, therefore, the ZnS film is of 

high resistance which depends on the sample dimensions. The DC resistivity has been investigated 

by using equation (2.4) which is be found equal to atroom temperature. Also 

conductivity has been calculated by equation (2.5), and found to be . Such 

results of resistivity and conductivity of ZnSfilm belong to semiconductors range
[7,8]

. 

    Fig.(4.3) shows resistivity of ZnS sample decrease with increasing temperature, which indicates 

the semiconducting nature of thin film
[21].

. Also, the conductivity studies on film shows that the 

film exhibits two activation energies: (0.21 eV) at temperature region (293K-435K) and (0.233eV) 

at region (463-513) as shown in Figure (4.4). Such result is in agreement with other results.
[11]

, and 
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indicate that the conductivity  increases with  increasing  temperature.The results may be due to the 

presence of two donor levels- one deep and the other shallow near the bottom of the conduction 

band from which the thermal activated carriers is translated to conduction band to increase the 

conductivity.  

 
 

 
     

    The Hall results for ZnS thin films, such as Carrier concentration, type of carriers and hall 

mobility; have been determined from Hall measurements for ZnS thin film.  

    Fig.(4.5) shows the plot of Hall voltage versus the current for ZnS thin films, then the Hall 

coefficient (RH) has been calculated from constant proportionality of equation (2.8) (slope of the 

line curve). The RH value has obtained  and it indicates that the film was n-type 
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semiconductor, the carrier concentration was estimated as  and the Hall 

mobility was . Such results are in agreement with the results of previous studies. 
[7,,8,16]

 

 
 

Conclusion 
1-The deposition temperature (400°C) is a suitable degree to prepare homogenous ZnS thin film 

better than other deposition temperatures: 300C
o
, 350C

o
, and 450C

o
for thickness (420 nm ). 

2- The electrical measurements at room temperature showed that the film represent as n-type 

semiconductor with carrier density ( ), resistivity (  ) and 

mobility . 

3- The structural measurements showed that the film structure was polycrystalline with grain size 

16nm.      

4-The above obtained characteristics make the ZnS film as a good material for semiconducting 

devices. 

 

References 
1- Chiad, S.S.; Jabbar, W. and Habubi, N.F.; (2011) " Effects of Annealing on the Electronic 

Transitions of ZnS Thin Films",Journal of the Arkansas Academy of Science, Vol. 65, pp.(39-

42). 

2- Christya , R. Sheela ; Thanka, J.T.; Bansalb ,C. and Brightsonc, M.; (  2015), "structural 

optical and electrical properties of znxcu1-xs nanoparticle system  Chalcogenide Letters, Vol. 

12, No. 4, pp. (161 – 172)  
3- Hwang , D. H.  ;  Ahn, J. H.;  Hui, K. N.; Hui, K. S.;  and  Son ,Y. G.;(2012) ,"Structural and 

optical properties of ZnS thin films deposited by RF magnetron sputtering" , Nanoscale Res 

Lett. , 7(1): 26. 

4- Jasib , Asel. A. ; Yousif , Ali. A.; (2015), "The Effect of Thickness Nanoparticle ZnS Films 

on Optical Properties", International Journal of Basic and Applied Science, Vol. 03, No. 03, 

pp. (38-51)  

http://www.ncbi.nlm.nih.gov/pubmed/?term=Hwang%20DH%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Ahn%20JH%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Hui%20KN%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Hui%20KS%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Son%20YG%5Bauth%5D


Electrical and structural properties of ZnS thin film………...…………..Khaled Muthana Habib 

Univ. Aden J. Nat. and Appl. Sc. Vol. 19  No.2 – August 2015 449 

5- Jian ,H.; Lin-Jun ,W.; Tang, K.; Run, X.; Ji-Jun, Z.;  Xiong-Gang ,L. ; and  Yi-Ben,X.; (2011) 

, "Photoresponse Properties of an n-ZnS/p-Si Heterojunction" , chin. phys. lett. Vol. 28, No. 

12 : 127301   

6- Kumar, V.; . Khan,K.L.A; . Singh, G; Sharma,T.P.;  and Hussain, M.; (2007), Appl. Surf. Sci. 

Vol. 253,p. 3543.  

7- Madelung ,Otfried ; (2012), Semiconductors: Data Handbook , Publisher Springer Science 

& Business Media , 691 pages  

8- Martienssen, Werner ; Warlimont ,Hans;  (2006), Springer Handbook of Condensed Matter 

and Materials Data , Springer Science & Business Media, Sep 21, - Science - 1121 pages. 

9- Muhammad Ashraf, (2012), "Deposition and characterization of  II – VI binary and ternary 

semiconductor thin films", A dissertation submitted for the degree of Doctor of philosophy in 

the Department of Metallurgy and Materials Engineering, Pakistan Institute of Engineering 

and Applied Sciences, Islamabad, Pakistan. 

10-  Nasir ,  E. M. ; (2014) ," surface morphology and structural properties of zns and zns:al thin 

films" , International Journal of Innovative Research in Science, Engineering and Technology,  

Vol. 3, No.1,. pp.(8114- 8120 )   

11- Nasir, E. M.; (2013),  "characterization of zns and zns: al thin films" , International Journal of 

Advanced Research in Engineering and Technology (IJARET),, Vol. 4, Issue 7,  pp.( 266-

275).    

12- Peza,M.C.; Martı´na, Lo´ J.P.; Leinena, F. D.; Ramos-Barradoa, J.R. ; (2005), "Growth of 

ZnS thin films obtained by chemical spray pyrolysis :The influence of precursors" , Journal of 

Crystal Growth ,vol. 285 , pp.( 66–75)  

13- Qadri,S.B.,Yang,J.P.,Skelton,E.F., and Ratna,B.R.,  (1997) , "Evidence of Strain and Lattice 

Distortion in Lead Sulfiede  Nanocrystallites" , Appl. Phys. Lett.,Vol.70,   No.8,P.(1020).   

14- Sabay,P.P.,Tewari,S. and Nath,R.K.,(2007),"Optical and electrical studies on spray deposited 

ZnO thin films",Cryst. Res. Technol.Vol. 42, No.7,PP.(723-729).   

15- Sachin, H. D. ; Patil,A.K.; Lad, J. S. ; and Bhagwat, M.; (2013), Optical study of ZnS Solid 

thin film prepared by spray pyrolysis technique,  Suryavanshi Arch. Phy. Res.,, Vol.4, No. 

3,pp.(7-11 ) 

16- Shaban, S. M.;  Saeed ,N. M.; and AL-Haddad, R. M. S. ; (2011) , "Fabrication and study zinc 

sulfide schottky barrier detectors" , Indian Journal of Science and Technology Vol. 4, No. 4 , 

,pp.(384-386).  

17- Shinde, M. S.; Ahirrao, P. B.;  and Patil R. S.( 2011), “Structural, Optical and Electrical 

Properties of  Nanocrystalline ZnS thin films Deposited by Novel Chemical Route”Archives 

of Applied Science Research", Vol.3, No.2 : pp. (311-317).  

18- Soltani, N. ; Saion, E.; Hussein, M. Z.; Erfani, M.; Abedini ,A; Bahmanrokh ,G.; Navasery,M. 

and Vaziri, P.; (2012) ,"Visible Light-Induced Degradation of Methylene Blue in the Presence 

of Photocatalytic ZnS and CdS Nanoparticles" , Int. J. Mol. Sci., 13, 12242-1225. 

19- Soltania ,N. ; Dehzangib , A.; Kharazmia ,  A.; Saiona , E.; Yunusa ,W. M.; Majlisb , B. Y. ; 

zarecd, M. R.; Gharibshahia , E.; and  Khalilzadeha , N.;( 2014)," structural, optical and 

electrical properties of zns nanoparticles affecting by organic coating" , Chalcogenide Letters, 

Vol. 11, No. 2, , pp.( 79 – 90).  

20- Vishwakarma1,R.; (2015) ," Effect of substrate temperature on ZnS films prepared by thermal 

evaporation technique" , J Theor Appl Phys,Vol. 9, pp.(185–192).  

21- Vlack, V., (1970) , “Materials Science for Engineers”, Addison-Wesley     Publishing 

Company, ,PP.(1-545). 

22- Yousi
f 
,A. A. ; Jasib,A. A.,  (2015), " Growth of Nanopartical Zinc Sulfide Films by Chemical 

Spray Pyrolysis Technique "IJISET - International Journal of Innovative Science, Engineering 

& Technology, Vol. 2 ,No. 3, pp.(886-902). 

 

 

https://www.google.com/search?tbo=p&tbm=bks&q=inauthor:%22Otfried+Madelung%22&source=gbs_metadata_r&cad=6
https://www.google.com/search?tbo=p&tbm=bks&q=subject:%22Science%22&source=gbs_ge_summary_r&cad=0


Electrical and structural properties of ZnS thin film………...…………..Khaled Muthana Habib 

Univ. Aden J. Nat. and Appl. Sc. Vol. 19  No.2 – August 2015 450 

 

 الرقيق (ZnS) كبريتيد الزنك التركيبية والكهربائية لغشاء  الخواص
 خالد مثنى حبيب

 ، جاٍعت عذُاىفُسَا، ميُت اىخربُت/ طبرقسٌ 

DOI: https://doi.org/10.47372/uajnas.2015.n2.a17 

 الملخص
 

باسخخذاً حقُْت اىرش اىنَُُائٍ اىحرارٌ عيً شرَحت  (ZnS)رُسب اىغشاء اىرقُق ىَادة مبرَخُذ اىسّل     

. حٌيو اىغشاء باسخخذاً  حُىد 5nm±420)بسَل )( 3ºC±400زجاجُت عْذ درجت حرارة حرسُب ٍْاسبت )

ًُ اىغشاء  ََخيل بُْت ٍخعذدة اىبيىراث,  حجٌ اىحبُبت اىبيىرَت  فُه( XRDالأشعت اىسُُْت )  16وأظهرث اىْخائج أ

nm .ًجهذ   -. دُرسج اىخظائض اىنهربُت ىيغشاء اىرقُق  وبُْج اىْخائج وجىد سيىك خطٍ  ىَْحًْ حُارحقرَبا

غج قَُخها وقذ بي ،( وحْاقض اىَقاوٍت اىْىعُت بسَادة درجت اىحرارةV 100- 30فٍ اىَذي  )

فٍ حُِ ماّج اىخىطُيُت اىنهربائُت  ،اىغرفت عْذ درجت حرارة               

. أظهرث اىْخائج أَضاً  اعخَاد طاقت اىخْشُظ عيً درجت اىحرارة  واىخٍ فُها حٌ                    

   K( 513-463)و   K(453-293)عْذ ٍذَُِ ٍِ درجاث اىحرارة    0.233eVو   0.21eVاىحظىه عيً قَُخُِ

وماُ حرمُس اىحاٍلاث  ، nوحبُِ إُ  اىغشاء هى شبه ٍىطو ٍِ ّىع  (RH) عيً  اىخىاىٍ . حُسب  ٍعاٍو هىه 

              َساوٌ 
 

     اىخحرمُتفٍ حُِ بيغج       
   

   
  . 

 

 ، اىخىاص اىخرمُبُت.، غشاء رقُق، اىخىاص اىنهربُتZnSمبرَخُذ اىسّل  الكلمات المفتاحية: 
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