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Abstract: In this work, ZnS thin films have been deposited by developed laser deposition technique on 

glass substrates at room temperature. After deposition process, the films were annealed at different 

temperatures (200ºC , 300 ºC and  400ºC ) using thermal furnace.The  developed technique  was used to 

obtain homogeneous thin films of ZnS depending on vaporization of this semiconductor material  by 

continuous CO2 laser with a simple fan to ensure obtaining  homogeneous films. ZnS thin films were 

annealed at temperature 200ºC, 300 ºC and 400ºC for (20) minute in vacuum environment. Optical 

properties of ZnS thin film such as absorbance, transmittance, reflectance, optical band gap, refractive 

index extinction coefficient and absorption coefficient have been investigated.  From this measurements, 

the bandgaps energies at room temperature, 200ºC ,  300 ºC and  400ºC were found to be 3.7eV, 3.6eV, 

3.4eV and 3.3eV respectively. The band gap decreased as the annealing temperature increased. The two 

point probe method was used for the investigation of electrical properties of the ZnS films such as 

current voltage characteristics and sheet resistance properties. From these measurements it was found 

that current decreased as the temperature increased, thus, the annealed films were found to be more 

resistance than the as-grown films. 

 

 

 

Introduction 

 

Zinc Sulphide (ZnS) is an important II–VI 

semiconductor materials with large direct 

energy band gap (3.50-3.70) eV in the UV 

range, direct energy band gap (~3.65 eV) in the 

bulk ZnS [1, 2]. Due to the large energy band 

gap of ZnS, it can be used for fabrication of 

optoelectronic devices such as blue light-

emitting diodes, electroluminescent devices, 

electro optic modulator, optical coating, n-

window layers for thin film heterojunction solar 

cells, photoconductor, cathode-ray tubes and 

buffer layers in photovoltaic cells [3]. 

The study of material properties lead to draw 

attention physicians toward this technique, from 

the second half of seventeenths centaury, many 

of researches were taken out in the field [4,5]. In 

the nineteenth century there has been an 

improvement in the experimental part of thin 

film [6,7]. The thin film is one layer or many 

layers for specific material in the range of tens 

nanometers thickness in some of micrometers 

[8]. 

ZnS thin films have been found useful in 

various devices. The applications of ZnS thin 

films which cover a wide area of interest are: 

antireflection coating for the solar cell, 

environmental friendly buffer layer as compared 

to CdS layer in CIGS based thin film solar cell, 

wide band gap material for electroluminescent 

and opto-electronic devices, photosynthetic 

coatings, blue light emitting laser diodes and asα 

- particle detector [9-12].  
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The high level of efficiency with CO2 laser, 

made it the greatest practical importance among 

different molecular lasers in which laser 

radiation can be generated in continuous wave 

(CW) and pulse operation is its most fascinating 

feature [13]. 

In the present work ZnS thin films have been 

prepared by using   CO2 laser deposition 

technique. The optical and electrical properties 

of the deposited ZnS thin films with different 

annealing temperature were studied.  

 

Experimental Work 
 

Preparation Technique 
  

ZnS thin film was prepared by using CO2 

laser deposition technique on glass substrates at 

normal atmospheric pressure and room 

temperature. The glass substrates of   

dimensions (26×76×2) mm were cleaned by 

distiled water and alcohol respectively. 

Continuos CO2 laser with maximum output 

power (10W) and wavelength (10.6 µm) is used 

to deposited the zinc sulphide on glass 

substrates. The specification and parameters of 

CO2 laser can be listed in Table 1.  

 

Table (1): CO2 Laser Specification and 

Parameters 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ZnS powder with density 4.09 g/cm
3 

and 

molar mass 97.47 g/mol is used as a target 

material which the laser beam was directed with 

angle of 45
0
 on this material [14]. Table 2 shows 

the properties of ZnS   material which is used in 

this work.   

Table (2) : ZnS Properties 

 

 

 

 

 

 

Thickness of the films has been measured by 

weighting   method   which     used a digital 

balance with accuracy of   (± 0.1 × 10
–3

 gm) for 

weighting the needed materials and for 

measured the thickness of the prepared films. 

From this method the thickness of all  prepared 

films were varied between  (350-400) nm with 

the arrangement uses a fan to get  homogeneous 

films, then the samples were annealed at 200 C
o
, 

300 C
o
 and 400 C

o
 to examine the annealing 

effect on the optical and electrical properties of 

the films by using thermal furnace.  

The resulting vapors passed through the fan 

with controlled speed of rotation placed above 

the ZnS target and deposited on the glass  

Substrates which covering the top hole of the 

evaporation system horizontally. The 

evaporation system can be shown in figure 1, 

which explains the mechanism of evaporation 

and precipitation. 

 
Fig.(1): System of Evaporation and Precipitation 

 

Before perform the evaporation process, CO2 

laser was calibrated in addition to measure the 

fan speeds using a flasher process. All 

evaporation process was done without heating 

the substrates with normal atmospheric pressure.  

The process of preparing the system has been 

achieved by measuring the distance between the 

target, substrates and the fan using a simple 

ruler, from this measurement the most suitable 

values are: 

Model ULR10-O-IA-x 

Manufactured 

company 

Sintec Optronics 

Technology Pte Ltd 

Laser mode quality >95% TEM00 Electric 

Field Purity 

Maximum peak power  10W 

Power stability ±10% 

Wavelength 10.6um 

Beam size(near field) 4±1mm 

Beam divergence(full 

angle) 

5±1mrad 

Optical pulse rise or 

fall time 

120±40μS 

Optical modulation 100% up to 5kHz 

Modulation signal type TTL compatible 

Mode of operation pulsed 

 

Molar Mass 97.47g/mol 

Density 4.09 g/cm
3 

Solubility in water negligible 

Band gap 3.5-3.7 
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Z1 = 75 mm (distance between the target and 

substrates) Z2 = 34 mm (distance between the 

target and the fan) 

The evaporation conditions of the system such 

as: laser power, evaporation time and the speed 

of the fan has been assigned. 

 

Experimental Measurement 

The optical transmission spectra of the 

deposited thin films were measured by UV/VIS 

spectrophotomitric (Shimadzo, 1650PC, Japan) 

with (1cm) matched quartz  cell, the optical 

properties where calculated as a function of the 

wavelength in the range (200-1200) nm from 

equations (1) to (4). 

The electrical properties of the ZnS films 

such as current voltage characteristics and sheet 

resistance properties was measured using two 

point probe method as shown in figure 2. 

 

 
 

Fig.(2): Two Point Probe Method 

 

Results and Discussion 
 

The optical properties of ZnS thin films 

which deposited on glass substrates and 

annealed at different temperature were measured 

from the transmission and absorption 

measurements in the range of (200-1200) nm. 

 The Transmission spectra of ZnS thin films 

that prepared at different annealing temperature 

are shown in figure 3; this figure shows that the 

tranmittance of the ZnS thin films increased as 

annealing temperature increased. 

All ZnS thin films show  that a high 

transmittance in the visible and near- infrared 

region and low transmittance in the ultraviolet 

region, because of the high optical transmission 

of ZnS thin  films in the visible and near- 

infrared region , These results obtained compare 

favourably with high transmittance (60 – 99%) 

in the visible and   near infrared  region obtained 

by [15] and 96% obtained by [16] so ZnS      

have a significant role in photovoltaic and 

optoelectronic devices as a window layer. 

Fig.(3): Transmittance of ZnS thin films as a 

function of wavelength for different annealing 

temperatures 
 

Figure 4 shows the absorbance of ZnS thin 

films at different temperatures. This figure 

shows that all samples have good absorbance in 

the ultraviolet regions and low absorbance in 

near-infrared regions. While in the visible 

regions, it absorbed slightly .This make the 

material to be useful in several coating process. 

This figure also shows that the absorbance of 

the ZnS thin films will decreased when the 

temperature of annealing will be increased. The 

result obtained by [15] and [17] on the optical 

absorbance of ZnS thin films for wavelength in 

the infrared region showed that ZnS is 

practically non-absorbing in these regions which 

compares favorably with the result obtained in 

this present work. Similar behavior was 

observed by [18]. 

 

Fig.(4): Absorbance of ZnS thin films as a function 

of wavelength for different annealing temperatures 

 

The reflectance (R) of ZnS film can be 

calculated from the absorbance and the 

transmittance spectrum using the following 

relation: 

                   R+T+A = 1                                   (1) 
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Where A is the absorbance and T is the 

transmittance of the film. 

Figure 5 shows the reflectance of ZnS film as 

function of the wavelength. This figure shows 

that there is a rapid reduction will appear in the 

range of  (310-500)  nm that mean the 

absorption of the film will be very little amount 

at the photon energy less than the value of the 

energy gap ( hυ< Eg) ,while there is a small 

change in the values of reflectance for all 

samples in the range of ( 450-1000 )nm ,this 

results is compare favorably with [19]. 

 

Fig.(5): Reflectance of ZnS thin films as a function 

of wavelength for different annealing temperatures 
 

The energy bandgaps, Eg, were determined 

from the linear part of the optical absorption 

spectral. To determine the energy bandgap, 

(αhυ)
2
 will be plotted  against hυ and from the 

intercept of the straight-line portion of  (αhυ)
2
 

against hυ energy gap was determined  as shown 

in figure 6. From this figure the values of the 

energy bandgap of ZnS thin films has a value of 

3.7 (eV) of the as-grown thin film at room 

temperature, while  the  films were annealed at 

200C
o
, 300 C

o
 and 400C

o
 showed that  the 

energy bandgaps  have a values of 3.6 (eV) , 3.4 

(eV) and 3.3 (eV) respectively. The energy band 

gaps ranging from (3.3-3.7) eV obtained in this 

work compare favorably with (3.73-3.57) eV 

obtained by [20], (3.51-3.84) eV obtained by 

[15], 3.68eV obtained by [21] and 3.5eV by 

[22]. It could be observed that for each 

annealing temperature, the optical band gap was 

decreasing with increasing annealing 

temperature as shown in figure 7. 

 

Fig.(6): Optical Spectral of ZnS thin Films for 

different annealing temperature 

 

Fig.(7): Energy bandgap of ZnS thin film as a 

function of temperature. 
 

The absorption coefficient α of ZnS film was 

determined from the absorbance measurements 

and calculated using the following relation; 

 

                            α =2.303A/t                          (2) 

 

where (t) is the thickness of the film. 

Figure 8 shows the absorption coefficient as 

a function of the photon energy for the annealed 

ZnS films; the absorption coefficient (α) 

decrease in the law photon energy because the 

probability of the electrical transfer between 

valance band and the conduction band is very 

rare and it will increase in the edge of the 

absorbance toward the high energy (hυ>3eV) at 

different annealing temperatures. This figure 

also shows that the absorption coefficient of the 

ZnS thin films will decreased when the 

temperature of annealing will be increased, this 

results is compare favorably with [19]. 
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Fig.(8): Absorption coefficient of ZnS thin films as a 

function of photon energy for different annealing 

temperature. 
 

The extinction coefficient (k) can be 

determined from the absorbance measurements 

as a function of photon energy as shown in 

figure 9. It can be calculated by using the 

following equation: 

                             k = α λ/4π                            (3) 

where λ is the wavelength. 

Figure 9 shows there is a little increased in 

the extinction coefficient in the range (200-800) 

nm, then the rapid increase appeared within the 

range (800-1000) nm, and it was decreases with 

increasing the annealing temperature. The 

increased values of extinction coefficient in the 

ultraviolet and visible region is due to the high 

absorbance of ZnS thin films in that regions. 
 

 
Fig.(9): Extinction coefficient of ZnS thin films as a 

function of photon energy for different annealing 

temperature 

 
The refractive indices of the ZnS thin films 

at various temperatures were determined using 

Moss rule: 

                              n
4
 Eg = 77                          (4) 

 

where n is the refractive index, Eg is the energy 

band gap. Figure 10 shows that the ZnS films 

has a refractive index of 2.19 for film grown at  

room temperature, 2.18 for film annealed at 

200C
o
, 2.15 for   film  annealed  at  300C

o
 and  

2.13 for film annealed at 400C
o
,   respectively. 

The reported value of the refractive index in the 

visible region is 2.35 obtained by [23, 24]. The 

I-V characteristics for as-grown and annealed 

ZnS thin films at 200 C
o
, 300 C

o
 and 400 C

o
 

were shown in Figures (11 to 14). Current of 

(4.2 x 10
-9 

A) was recorded for as-grown film, (3 

x 10
-9 

A) for 200C
o
 annealed ZnS film, (4 x 10

-10 

A) for  300C
o
 annealed   film and  (2.1 x 10

-10 
A) 

for 400C
o
  annealed ZnS film. It was found that 

the current values decreased with increase the 

annealing temperature. Therefore the annealed 

films were more resistance than as-grown films. 

These values of current compares favorably 

with the result obtained by [25]. Current of 3.1x 

10
-9

A was recorded for as-grown film, 1.7x10
9
A 

for 373K annealed ZnS film, 3.02x10
-10

A for 

423K annealed film, 2.26x10
-10

A for 473K 

annealed ZnS film and 4.71x10
-11

A for 523K 

annealed ZnS film. This could be explaining by 

the presence of elemental Zn in the as-grown 

film. The as-grown film was more conductive 

than the annealed films due to high current 

value possessed by the sample. The average 

voltage measured for all samples are (8V).  

 
Fig.(10): Refractive index of ZnS thin film as a 

function of temperature 

 
Fig.(11): The I-V characteristics for as-grown ZnS 

thin films 
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Fig.(12): The I-V characteristics of 200C
o
 annealed 

ZnS thin films 

Fig.(13): The I-V characteristics of 300C
o
 annealed 

ZnS thin films 

Fig.(14): The I-V characteristics of 400C
o
 annealed 

ZnS thin films 
 

The sheet resistance was determined using the 

following equation: 

                             Rs =                            (5) 

Where Rs is the sheet resistance, V is the 

voltage and I is the current. 

K=  = 4.53 , where k is a geometric factor. 

The values of the sheet resistance as a 

function of temperature can be shown in figure 

15. It shows that the sheet resistance increases 

when the annealing temperature increases, this 

results is compare favorably with [25].  

Fig.(15): Sheet resistance of ZnS thin film as a 

function of temperature 
 

Conclusion 
 

Zinc sulfide thin films were successfully 

deposited onto glass substrates by using a 

developed laser deposition technique. From the 

results of the prepared films and measurements, 

it was observed that the prepared films have 

wide direct energy gap, the estimated value of 

the energy gap is in good agreement with the 

recent reported value. The wide band gap makes 

these films good material for optoelectronic 

devices. Increasing the value of annealing 

temperature will increase the value of 

transmittance and sheet resistance of prepared 

films and decrease the value of absorption 

coefficient, refractive index and current. The 

results obtained were in agreement with the 

literature. 

References 
 

[1] Kuma. V.,  Sharm M., Gau. J. and Sharm .T, 

"Polycrystalline ZnS thin films by screen 

printing method and its characterization", 

Chalcogenide Letters, 5 (11): 289– 295 (2008).  

[2]  Gao.X  and  Yu.W, “Thin Solid Films” 468, 

43, (2004). 

[3] Yamamoto.T and Kishimoto.S,  Iida, Phys. 

B 308–310, 916 (2001). 

[4] Al-Ani.S ,  Makadsi.M  and Al Shakarchi.I  

“Journal of materials science”, 28 (1993). 

[5] Smith.R , “Semiconductors”, Cambridge 

University, Press 2
nd

 Ed. (1987). 

[6] Al-Ameen. A,  “optical properties of CdS 

and PbS thin films and theirmixture” M.Sc. 

Thesis, University of Baghdad, (1992). 

[7] Segger. K, "Semiconductor physics", 2
nd

 Ed. 

New York (1980) 

[8] Ckertor L., “Physics of thin films” Plenar 

Press, New York, (1977). 

[9] Bloss.W, Pfieterer. F., and Schock .H, 

”Advances in Solar Energy”, Annual Review of 



Abduljabbar L M., Iraqi J. Laser A 13, 29-35 (2014)  

 

03 
 

Research and Development. Amer.Solar Energy 

Soc. Inc.: New York, 4:275, (1988). 

[10] Katsumi K., Jpn. J. Appl. Phys. 35:4383 

(1995). 

[11] Tong. W, Wagner , Tran.T, Park. W and 

Summer. C, Crystal. Growth. 164:202, (1996). 

[12] Kashani. H., “Thin Solid Films”, 288 (1-2) 

(1996).  

[13] Wood .J and Pearson. P, Repetitively 

pulsed, Journel De Physique, 351 (1990).  

[14]  Wells. A, Structural Inorganic 

Chemistry (5
th
Ed.), Oxford: Clarendon Press,  

(1984). 

[15] Nadeem. M., and Ahmed. W, Turk. J.Phys. 

24:651 (2000).  

[16] Yamanishi. K, Tsukasaki. H  /m .mlm, and 

Hashimoto, Proceedings of 5th International 

Conference on Ion and Plasma Assisted 

Techniques. May 13-15. Munich, Germany, 

(1985).  

[17] Ndukwe. I, “Solar Energy Materials and 

Solar Cells”. 40:123, (1996).  

[18] Hammer.K , Techn.Phys. 24:169 (1943).  

[19] Nada.M, ” Structural and Optical Properties 

of ZnS Thin Films Prepared by Spray Pyrolysis 

Technique”, Department of Physics, College of 

Science, University of Baghdad, Baghdad-Iraq 

(2010). 

[20] Yildrim A., Aytunc A., and Aykut A., 

“Annealing Effect on Structural, Optical and 

Electrical Properties of ZnS Thin Films”. 

41:1365-1372. (2009). 

[21] Biswass S., Pramanik P., and Basu P., 

Mater. Lett. 4 (2):81   (1986).  

[22] Nomura. R, Murai. T., Tokosaki T., and 

Matsuda H., “Thin Solid Films” 271:4 (1995).  

[23] Fathy .N, Kobayashi .R, Ichimura .M, 

Mater. Sci. Eng. B., 107, 271 (2004). 

[24] Liu.X, Cai.X, Mao.J, and Jin.C, 

"ZnS/Ag/ZnS nano-multilayer films for 

transparent electrodes in flat display 

application". Appl. Surf. Sci. 183, 103-110 

(2001). 

[25] Ates, A., Yildrim, M.A., Kundakci, M., and 

Astam, A. Master. Sci. Semicond. Process 

10:281 (2007). 

 

 

 

 

 

 

دراست تأثير التلذيه على الخىاص البظريت والكهربائيت لأغشيت كبريتيذ الزوك المحضرة باستخذام 

 تقىيت الترسيب بليزر ثىائي اوكسيذ الكاربىن

 
 عبذالجبارمخلض ليث 

 

 انعشاق ،تغذاد  ، كهيح دجهح انجايعح

 

أسرخذاو ذقُيح انرشسية تانهيضس انًطىسج عهى في هزا انثحث  ذى ذشسية اغشيح سقيقح يٍ يادج كثشيريذ انضَك ت الخلاطت :

ذى اسرخذاو هزِ انرقُيح انًطىسج نهحظىل عهى اغشيح سقيقح ويرجاَسح يٍ يادج . سكائض يٍ انضجاج تذسجاخ حشاسج يخرهفح

ىٌ كثشيريذ انضَك ورنك ترثخيش هزِ انًادج انري ذعرثش يٍ اشثاِ انًىطلاخ انًهًح تاسرخذاو نيضس ثُائي اوكسيذ انكاست

ذى ذهذيٍ الاغشيح انشقيقح يٍ يادج كثشيريذ انضَك في .انًسرًش يع يشوحح تسيطح نضًاٌ انحظىل عهى اغشيح يرجاَسح

وقذ ذى دساسح انخىاص انثظشيح  .دقيقح  02( دسجح سيهيضيح ونًذج 022, 022, 022انفشاغ تذسجاخ حشاسج  يخرهفح )

يٍ  .يعايم الايرظاص والاَكساس وانخًىد ,فجىج انطاقح ,َعكاسيح الا ,وانُفاريح  ,نلاغشيح انًحضشج يثم الايرظاطيح 

( دسجح 022, 022, 022هزِ انقياساخ ذى حساب فجىج انطاقح نًادج كثشيريذ انضَك انغيش يهذٌ وانًهذٌ تذسجاخ حشاسج )

ًح فجىج انطاقح يع حيث وجذ َقظاٌ تقي  ,(انكرشوٌ فىند عهى انرىاني0.0  ,0.0 , 0.3, 0.3سيهيضيح وقذ وجذ قيًرها )

ذى اسرخذاو طشيقح انًجساخ نقياط ودساسح انخىاص انكهشتائيح لاغشيح كثشيريذ انضَك يثم .صيادج دسجح حشاسج انرهذيٍ

وجذ يٍ هزِ انقياساخ َقظاٌ تقيًح انرياس يع صيادج دسجح حشاسج انرهذيٍ نزنك .انفىنريح وخىاص انًقاويح  -خظائض انرياس

 . يقاويح اعهى يٍ انغشاء انغيش يهذٌ الاغشيح انًهذَح ذًرهك
 


