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ABSTRACT 

Strontium doping  indium sulfide thin films (In2S3:Sr) were deposited 

by spray pyrolysis technique on glass substrate at temperature 310C
0
.The 

films were prepared by varying the( Sr) ratio from (0.1 , 0.5, 1.5 )% .The 

effect of Strontium concentration on  optical and electrical properties  of 

In2S3:Sr thin films have been studied in detail visible (UV-Vis) 

transmittance spectroscopy measurements revealed that the optical 

transmittance of films exceeds 70% in the visible and near infrared 

region and also the direct band  gap energy of the films it  decreases with 

doping Strontium from (2.9ev) to (2.4ev).the mobility and conductivity  

is  increases with doping Strontium  and resistivity decreased from (8.5 

to 1.74) ᾩcm . 

 

 

Introduction 
In2S3  has a wide band gap, which can reduce the 

optical transmission loss at short wavelength [1] 

Indium sulfide is one of the potential materials for 

various device application due to its stability. This 

includes development of photovoltaic[2,3], 

potoelectrochemical solar cells, electronic and 

acoustic [4,5]. In2S3 is an n-type semiconductor that 

belongs to the III-VI group of compounds.  [6] 

Depending upon synthesis temperature and pressure, 

it exists in three crystallographic phases such as β ,α 

and ϒ[,7]. Among These phases β - In2S3   is the most 

stable crystalline phase at room temperature with 

tetragonal structure [8]. Variety techniques were used 

to preparation In2S3 films such as chemical bath 

deposition CBD, spin coating[9], solvothermal, 

hydrothermal, [9] thermal evaporation[10], 

electrodeposition, pulsed laser deposition [11]. 

In the present work, we study the effect of doping Sr 

element at different volume ratio on properties of 

In2S3 films prepared by chemical spray pyrolysis 

tchniques. 

Experimental work 
Indium sulfide (In2S3) thin films doped by (Sr) at 

different percentage (0.1,0.5, and 1.5)% were 

deposited on to glass substrate from aqueous solution 

containing indium chloride (InCl3) (98.99%), 

thioacetamide (NH3CSNH2) (98.99%), (SrCl3. 

.6H2O).The concentration of In2S3 was fixed at  

0.05M.The substrate temperature was kept at 

310C
0
for all films ,the air compressed pressure 3 bar 

and the distance between the glass substrate to nozzle 

was kept to 29cm.(it was noted after the experiments 

that it is the best distance  if  it decreases the material 

will  agglomerate on the glass substrates) 

The glass substrate (2.5cm*2.5cm*1mm) were 

washed with alcohol, acetone and distilled water for 

30 minutes respectively and dried. 

Results and discussion 
0ptical properties 

The optical transmittance spectra were recorded in the 

wavelength rang (300-1100) nm in order to 

investigate the effect of( Sr) content on the optical 

properties. Fig.1 shows the transmittance of In2S3 

films doped with different ratio of (Sr). Transmittance 

of In2S3: Sr thin films varies from 70% to 60% 

explaining by good crystallinity of samples. we noted 

that when the amount of() Sr) increase above (o.1%) 

the transmittance of sample decrease .This is due to 

the fact that the  Strontium atome are localized  in the 

volum  near the surface. Then excess of (Sr) increases 
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the absorption of our samples. The highest 

transmitted was obtained at low percentage of (Sr) 

doping element. 

 

 
Fig. 1: Transmittance versus wavelength spectra of In2S3:Sr at different sr doping 

    

The optical energy band gap of the as-deposited thin 

films was measured using the relation [13] 

Αhvϑ=A(hϑ-Eg)
n
.  

Were A is energy independent constant, n is an 

integer which is (1/2) for a direct allowed transition. 

Optical band gap Eg of films was deduced from(αhv)
2 

versus hv extirpation straight line portion of the graph 

in the absorption regime. The value of energy gap 

befor deformation is (Eg=3.1)ev,the highest energy 

band gap was obtained with parentage of doping 

o.1% Eg=2.9ev.Fig.2 show the decrease of gap energy 

over 0.1% of Sr-doping. This is consistent with the 

research[12]. In this study both the improvement in 

the particle size and the stoichiometric deviations 

could contribute to the decrease of energy band gap 

of the films with the increase in the precursor 

concentration. 

 
Fig. 2: plot of (ahv)

2
 versus( hv) for In2S3 thin films for precursor concentration,  

(0.05M,0.1%.0.5%,1.5%) 
 

Table 1: Energy gap of In2S3 thin films befor and after 

doping 

Volume ratio Eg(eѴ) 

o.o5M 3.1 

o.1% 2.9 

0.5% 2.75 

1.5% 2.4 

 

Electrical properties 

The electrical  mobility, conductivity ,resistivity of 

In2S3 thin films deposited at different volume 

ratio(0,1,0.5,1.5)% were determined by Hall effect 

measuring  instrument and the corresponding values 

were listed in table 2 The Hall coefficient values 

affirm that the films had an n –type characteristic. 
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The mobility value was 2.07 at 0.05 M and the 

mobility increases with increased volume ratio of 

(Sr)element. fig3 shows the mobility value changes 

with the volume ratios of In2S3  thin films. The 

mobility increases as result of reconstituting and the 

crystallinity prosperity of the material. This result is 

close to what the researcher fount [14].  
 

Table 2: Electrical properties of In2S3:Sr thin films with 

different doping level. 

Concentration Mobility 

(cm2/vs) 

Conductivity 

(ᾩcm)-1 
Resistivity 

(ᾩcm) 

0.05M 2.07 1.17 8.55 

0.1% 2.7 1.71 5.82 

0.5% 3.2 5.72 2.41 

1.5% 4.09 9.51 1.74 
 

 
Fig. 3: mobility values of In2S3 thin films with different volume ratio of Sr element. 

 

 Fig.4 shows the resistivity of the as-deposited films 

decreases with increases in volume ration of Sr. The 

resistivity of In2S3 thin films is (8.55ᾩcm) when 

focusing (0.05) M and when deformed, its value 

decreased to (5.82,2.41,1.74) at volume ratio 

(0.1,0.5,1.5)% straight. There reason for this is the 

increase in the granular size and the thickening of the 

films. The electrical resistivity decreased 

exponentially with increasing film thickness[15]. 

 

 
Fig. 4: Resistivity values of In2S3 thin films with different volume ratio of Sr element 

 

Fig5. explained the conductivity of In2S3:Sr thin films 

is improves as concentration  increases of ratio. It is 

well known that the n-type conductivity in In2S3 is 

owing to Sulphur vacancy and intertie tail indium 

atoms. The enhancement in conductivity with 

increasing precursor concentration may be ascribed to 

the increase in crystallite size. This is agreeing with 

the researcher [15]. 
 

 
Fig. 5: conductivity values of In2S3 thin films with different volume ratio of Sr element. 
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Conclusion 
The obtained thin films In2S3:Sr  were uniform with 

good adherence. A high transmittance in the visible 

region is a good indication of In2S3:Sr thin films as a 

window in some applications  such  as solar cell  and 

others. Also, the direct energy gap and the 

deformation of Sr activator decreased its value with 

increasing proportion. Studied optical propertied 

showed this films have a direct band gap in the rang 

(2.9,2.4)ev acceding to the different ratio. The electric 

properties (mobility, conductivity, resistivity) showed 

In2S3:Sr semiconductor n-type and both mobility and 

conductivity will be increases offset a decreases in 

values of resistivity with increases the volume ratio 

the doping Sr. 

References 
[1] LS Sharath Chandra, V. Ganesan (2008)’’Do 

the grain boundaries of B-In2S3 thin films have 

aband gap photosensitivity to 632.8nm),PP(BGPH), 

American institute of physics),Vol103,(5) p.053106. 

 [2] r.jayakri hnan. TTgohn(2015)’’Defect analysis of 

spraysis Bin2S3 thin films using photoluminescence 

studies’’(DAPH)20(12)1162. 

[3] Fatma G., Serdar Unlu (2018) ’’Nickel doping 

effect on the structural and optical properties of 

indium sulfed thin films’’ (E D  S O TH F)   Open 

Access 16;757-764. 
[4] M. Kilani, B.Y hmadi, N.K. Turki, and M. 

Castagne, (2011), ’’Journal of Materals Science, 

46,19 (6293-6300.). 

[5] L. Bhiram H. Essaidi, (2016) ’’Structure and 

Photoelectrical Properties 0f B- In2S3thin films (S O 

T F) VOL.181,I(2) p.427-435. 

[6] M. Calixto, Rodriguez (2014) ’’Optoelectronic 

Properties of indium sulfide thin films pyrolysis for 

photovoltaic applications, (0 p th Ph A) Vol.480 (-

481) P(133-137) 

[7] T, T, John, S. Bini, Y. Kashiwaaba et al. (2003), 

Semiconductor Science and Techn0logy, 186 491-

500. 

[8] K Pvijayakumar, C. Sudha Kartha (2007) 

’’Photoconductivity in sprayed B-In2S3 thin films 

under sub-band gap excitation of 1.9ev’’ Journal of  

applied physical Vol 100(3)033707 

[9] S. Elfarrass, B. Hartiti, A. Ridah, P. Thevenin. 

(2015). J. Mater. Environ. Sci. vol .6(2)(48790) 

 [10] G.R. Gopinath, R.W. Miles and K.T. 

Ramakrishna Reddy (2013) 34(399-406. 

[11] Anita R.W Aarrier, K.P. Vijaykumar 

(2009)’’Structural and) ptical Properties of In2S3 

Thin Films’’(S O P Th F) Matter Physics Journal. 

Vol2(9)9-14. 

[12] A.Timoumi, H. Bouzouia, R.Brini, M.Kanzari, 

Appl. SDuer. Sci. 253(2006)306. 

[13] M.Lajnef and H .Ezzaouyita (2009), Open Appl. 

Phys. JVol .2(23(P154-160. 

[14] T. Sall, A. Raidou, S. Elfarras, B. Hartitim B. 

Mari (2013.), “Structure, morphological and optical 

properties of In2S3 thin films obtained by Salar 

method ,.opt.Quan.Electron,vol45, November  

[16] L.Oja, A.Belaidi, L.Dioczik, M.Ch. Lux-

steinerand ThDitteich, semicond.sci. Technol, 

21,502-526(2006). 

[17] M. Keraini, N.Bouguila, I. Halidou, A. Timoumi 

(2013). Mater. sci. semicond.proc. 16,1388-1396 

[18] M. Mahmood, Abedullah (2020)’’The Effect of 

Spin coating paramteres on Nanostructures thin films 

Properties deposit on different substrates(E PN S T P) 

15(2) 587-591. 

[19] Shann0n C. Riha, Richard D Shaller (2014). 

’’photoexcted Carrier Dynamics of thin films’(Ph C 

D)’Phys.chem.Lett,Vol.,5(22),4055-4061 

 

 

 
 
 
 
 
 
 
 
 



  
 

  
Tikrit Journal of Pure Science Vol. 26 (4) 2021 
 

75 

المحضرة بتقنية الانحلال الحراري  Srالمخدرة ب  In2S3:Srالخواص البصرية والكهربائيةلاغشية 
 بالرش الكيميائي

 1، نديم خالد حسن 2رائد عبد الوهاب إسماعيل،  1نيران فاضل عبد الجبار

 قسم الفيزياء ، كلية التربية للعلوم الصرفة ، جامعة تكريت ، تكريت ، العراق 1
 قسم العلوم التطبيقية ، الجامعة التكنولوجية ، بغداد ، العراق 2

 

 الملخص
 310بتقنية الانحلال الحراري بالرش الكيميائي على  ركىائز زجاجيىة عنىد درجىة حىرار    In2S3:Srتم ترسيب الاغشية الرقيقة المنشطة لكبريتيد الانديوم

  .( 0.1,0.5,1,5%) درجة مئوية. درس تاثير تغير النسب الحجمية للماد  المخدر  عل  الخصائص البصرية والكهربائية وبنسب حجمية
% وىمن المنطقىة المرئيىة والقريبىة مىن الاشىعة تحىت الحمىراء  كمىا 70ان النفاذيىة الوىوئية للاغشىية  تتجىاوز  (UV-VISاظهىرت قياسىات مطيىا  )

ومىن خىلال نتىائي قياسىات تىاثير   ev(2.4----2.9)وجد ان قيم  نطىاق فجىو  الطاقىة المباشىر  للافىلام تىنخفه قيمتهىا مىا تعىاطي المنشىطات بحىدود 
   .هول

وقىىيم كىى  مىىن التحركيىىة والتوصىىلية تىىزداد بزيىىاد  النسىىب الحجميىىة  للمىىاد  المخىىدر    n-typeالسىىالب  شىىبم موصىى  مىىن النىىو  In2S3:Srتبىىين ان مىىاد  
 .Ωcm(8.5-1.74 )  ويقابلها انخفاه حاد بقيم المقا ومية  بحدود 


