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Tin oxide (SnO) thin films is one of the most extremely studied oxides because of its 

usefulness in UV-detector. SnO is known for wide bandgap of 3.6eV which makes it a 

good candidate for window layers in heterjunction solar cells. Transition metal 

chalcogenides (TMCs) exhibits unique properties such as high conversion efficiency, good 

absorption coefficient and good bandgap energy which make their thin films versatile as a 

coating materials. Spray pyrolysis have been used to deposit SnO (core), SnO/ZnS, 

SnO/CrS, SnO/CoS and SnO/CuS (biphasic) at 0.1M concentration and different substrate 

temperatures of 100
o
C, 150

o
C and 200

o
C. The effect of varying substrate temperatures on 

the optical and structural properties of the SnO (core) and SnO/TMCs (biphasic) films 

were examined and analysed. The result showed that the optical transmittance decreased 

with increase in substrate temperature for SnO (core). The result showed that the 

absorbance of the SnO thin films at various substrate temperatures vary from 0.10 – 0.7. 

For the biphasic films, SnO/ZnS, SnO/CrS, SnO/CoS and SnO/CuS the absorbance 

decreases in the neighbourhood of 300nm-350nm, increases from 350nm-600nm and 

decreases between 600-100nm for the different substrate temperature of 100
o
C, 150

o
C and 

200
o
C. The reflectance spectra of SnO films were found fluctuating between maxima and 

minima while biphasic films altered the reflectance which showed very low reflectance as 

observed. The bandgap energy for SnO are 2.00eV, 2.10eV, and 2.20eV at 100
o
C, 150

o
C 

and 200
o
C substrate temperature. The energy band gap increased with substrate 

temperature. Whereas for biphasic films, the bandgap was in the neighourhood of 1.10eV-

1.60eV for the different substrate temperature. The extinction coefficient (k) of SnO films 

increased with increase in substrate temperature while in biphasic films, the extinction 

coefficient showed significant reduction in magnitude irrespective of the substrate 

temperature. The refractive index of all the film samples were generally low irrespective 

of the substrate temperature. The films:SnO and biphasic displayed low value of dielectric 

constant irrespective of the substrate temperature. The result equally reveals that the 

optical conductivity for SnO decreases with increase in the substrate temperature. 
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1. Introduction 
 
As one of the most extremely studies, the usefulness of tin oxide (SnO) thin films in UV 

detector is known for its wide band of 3.6eV. This makes it a good candidate for window layers in 

heterjunction solar cells. Transition metal chalcogebides (TMCs); Zinc (II) sulphide (ZnS), 

chromium (ii) sulphide (CrS), cobolt (ii) sulphide (CoS) and copper (ii) sulphide (CuS) are 

refractory compounds. These films exhibit unique properties such as high conversion efficiency, 

good absorption coefficient, good bandgaps and corrosion resistance. These properties make their 

films versatile as coating materials. Cadium Sulphide (Cds) thin films which are widely used as 

window layers in CIGS are toxic. Therefore, an alternative window layers are currently being 
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researched to replace CdS. Thus, SnO and biphasic composites are potential materials for possible 

incorporation in CIGS solar cells. 

 
 
2. Methodology 
 

Deposition of biphasic nanostructured composite materials of the form SnO/TMCs enables 

us to produce thin films which combined with the unique properties of transition elements and that 

of oxide of tin. This chemical combination is for wider range of applications using spray pyrolysis 

technique. The solutions were prepared using analytical grade reagents. Biphasic composites 

(SnO/TMCs) were deposited on the substrate using spray pyrolsis. The data obtained from the 

characterization were analysed to ascertain their Structural, optical and solid state properties for 

possible device applications.  

 
 
3. Results 
 

3.1.Transmittance 
Figures 1-5 are plots of transmittance Vs wavelength for SnO, SnO/ZnS, SnO/CoS, 

SnO/CrS, SnO/CuS deposited at substrate temperature of 100 
0
C, 150 

0
C and 200 

0
C. 

 

 
 

Fig. 1. Transmittance Vs Wavelength for SnO @ 100 
0
C, 150 

0
C, and 200 

0
C. 

 

 
 

Fig. 2. Transmittance Vs Wavelength for SnO/ZnS @ 100
O
C, 150

O
C & 200

o
C. 
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Fig. 3. Transmittance Vs Wavelength for SnO/CoS @ 100
O
C, 150

O
C & 200

o
C. 

 

 

 
 

Fig. 4. Transmittance Vs Wavelength for SnO/CrS @ 100
O
C, 150

O
C & 200

o
C. 

 

 

 
 

Fig. 5. Transmittance Vs Wavelength for SnO/CuS @ 100
O
C, 150

O
C & 200

o
C. 

 

 

3.2.Absorbance 

Figures 6-10 are plots of Absorbance Vs Wavelength for SnO, SnO/ZnS, SnO/CoS, 

SnO/CrS, SnO/CuS deposited at substrate temperature of 100
o
C, 150

o
C and 200

o
C. 
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                                   Fig. 6. Absorbance Vs Wavelength for SnO @ 50
o
 100

o
 150

o
. 

 

 

 
 

Fig. 7. Absorbance Vs Wavelength for SnO/ZnS @ 100
O
C, 150

O
C & 200

o
C. 

 

 

 
 

Fig. 8. Absorbance Vs Wavelength forSnO/CoS@ 100
O
C, 150

O
C & 200

o
C. 
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Fig. 9. Absorbance Vs Wavelength for SnO/CrS @ 100
O
C, 150

O
C & 200

o
C. 

 

 

 
Fig. 10. Absorbance Vs Wavelength for SnO/CuS @ 100

O
C, 150

O
C & 200

o
C. 

 

 

3.3.Reflectance 

Figures 11-15 are plots of Reflectance Vs Wavelength for SnO, SnO/ZnS, SnO/CoS, 

SnO/CrS, SnO/CuS deposited at substrate temperature of 50
o
C, 100oC, 150

o
C and 200

o
C. 

 

 
 

Fig.11. Reflectance Vs Wavelength for SnO @ 100
 0
C, 150 

0
C and 200 

0
C. 
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Fig. 12. Reflectance Vs Wavelength for SnO/ZnS @ 100
O
C, 150

O
C & 200

o
C. 

 

 

 
 

Fig. 13. Reflectance Vs Wavelength for SnO/CoS @ 100
O
C, 150

O
C & 200

o
C. 

 

 

 
 

Fig. 14. Reflectance Vs Wavelength for SnO/CrS @ 100
O
C, 150

O
C & 200

o
C. 
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Fig. 15. Reflectance Vs Wavelength for SnO/CuS @ 100
O
C, 150

O
C & 200

o
C. 

 

 

3.4.Refractive Index 

Figures 16-20 are plots of Refractive Index Vs hv (eV) for SnO, SnO/ZnS, SnO/CoS, 

SnO/CrS, SnO/CuS deposited at substrate temperature of 50
o
C, 100oC, 150

o
C and 200

o
C. 

 

 
 

Fig. 16. Refractive Index Vs h v (e V) for SnO @ 100 
o
C, 150 

o
C and 200 

o
C. 

 

 

 
Fig.17. Refractive index (n) Vs hv(eV) for SnO/ZnS @ 100

O
C, 150

O
C and 200

o
C. 
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Fig. 18. Refractive index (n) Vs hv(eV) for SnO/CoS @ 100
O
C, 150

O
C and 200

o
C. 

 

 

 
 

Fig. 19. Refractive index (n) Vs hv(eV) for SnO/CrS @ 100
O
C, 150

O
C & 200

o
C. 

 

 

 

 

Fig. 20. Refractive index (n) Vs hv(eV) for SnO/CuS @ 100
O
C, 150

O
C & 200

o
C. 
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3.5 Extinction coefficient 

Figures 21-25 are plots of Extinction coefficient Vs hv (eV) for SnO, SnO/ZnS, SnO/CoS, 

SnO/CrS, SnO/CuS deposited at substrate temperature of 50
o
C, 100

o
C, 150

o
C and 200

o
C. 

 

 
 

Fig.21. Extinction Coefficient Vs hv(eV) for SnO 100,150  and 200 
o
C. 

 

 

 
 

 

Fig. 22. Extinction Coefft Vs hv(eV) for SnO/ZnS @ 100
O
C, 150

O
C & 200

o
C. 

 

 

 
 

Fig. 23. Extinction Coefft Vs hv(eV) for SnO/CoS @ 100
O
C, 150

O
C & 200

o
C. 
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Fig. 24. Extinction Coeff. Vs hv(eV) for SnO/CrS @ 100
O
C, 150

O
C & 200

o
C. 

 

 

 
 

Fig. 25. Extinction Coeff. Vs hv(eV) for SnO/CuS @ 100
O
C, 150

O
C & 200

o
C. 

 

 

3.6. Band gap energy 

Figures 26-30 are plots of (αhv)
2
 (eV

2
m

-2
) Vs hv(eV) for determination of Band gap 

Energy for SnO, SnO/ZnS, SnO/CoS, SnO/CrS, SnO/CuS deposited at substrate temperature 

of100
o
C, 150

o
C and 200

o
C. 

 

 
Fig. 26. (αhv)

2
 (eV

2
m

-2
) Vs hv(eV) for SnO for 50

o
 100

o
 150

o. 
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Fig. 27. (αhv)
2
 (eV

2
m

-2
) Vs hv(eV) for SnO/ZnS @ 100

O
C, 150

O
C & 200

o
C. 

 

 

 
 

Fig.28. (αhv)
2
 (eV

2
m

-2
) Vs hv(eV) for SnO/CoS @ 100

O
C, 150

O
C & 200

o
C. 

 

 

 
 

Fig. 29. (αhv)
2
 (eV

2
m

-2
) Vs hv(eV) for SnO/CrS @ 100

O
C, 150

O
C & 200

o
C. 
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Fig. 30. (αhv)
2
 (eV

2
m

-2
) Vs hv(eV) for SnO/CuS @ 100

O
C, 150

O
C & 200

o
C. 

 

 
4. Discussions 
 

4.1. Optical and solid state properties  

The optical and solid state properties such as absorbance, transmittance, reflectance, 

energy band gap, extinction coefficient, refractive index, real and imaginary parts of dielectric 

constant including optical conductivity of SnO, SnO/ZnS, SnO/CoS, SnO/CrS and SnO/CuS thin 

films were examined and analysed as follows: 

Optical transmittance measurements of SnO thin films showed that the transparency 

decreased with increase in bath temperature (Fig. 1). The three layers recorded maximum 

transmittance in the UV region (shorter wavelength) and minimum in the infrared region (longer 

wavelength). This optical transmittance behaviour is averse to the report of high transmittance 

recorded at longer wavelength region by (Saeidehet al., 2011;  Igwe and Ugwu, 2010) for SnO 

thin films all deposited by chemical bath deposition technique. The observed optical behaviour 

could be attributed to the deposition conditions. The transparency generally varies from 55-98%, 

31-95% and 19-93% for substrate temperatures of 100
o
C, 150

o
C and 200

o
C, respectively. The 

transmittance is generally high compared to reported values (Shadmani and Rozati, 2012). As 

stated earlier, the deposition conditions and other variables may be responsible for this optical 

behaviour. From the study of SnO/ZnS core-shell thin films, all samples exhibit high transmittance 

more than 90% in the ultra violet region (Fig. 2). The transparency varies from 28-95% at 100
o
C 

substrate temperature to 34-95% at 150
o
C substrate temperature and 48-95% at 200

o
C substrate 

temperature. When compared with the core, the core-shell did not show improvement in optical 

transmittance. The range of optical transmittance observed here is similar to those of Shadmani 

and Rozati (2012) for SnO:Zn nanostructures prepared by spray pyrolysis and Mishra et al (2015) 

for SnO2-Al2O3nanocomposite synthesized via sol-gel route.In the case of SnO/CoS, SnO/CrS and 

SnO/CuS core-shell thin films, the transmittance spectra exhibit similar trend, maintaining a 

maximum in the UV region and minimum in the visible region. The peak transmittance are within 

the range reported elsewhere (Shadmani and Rozati, 2012; Doyanet al., 2019). In the Literature, 

the transmittance of thin films can be greatly modified by different deposition variables. 

Concentration dependent-optical transmission of Mn3O4/Pb1-xS, Zn1-xO, Sb2S3, CuO/Pb1-xS, etc. 

have been reported (Augustine et al., 2018; Kaluet al., 2018; Onyishiet al., 2018; Augustine et al., 

2019). Agbo and Nnabuchi (2011) reported on the transmittance of TiO2-ZnO core-shell thin films 

at various annealing temperature. Many authors have investigated the optical transmission 

behaviour with respect to annealing temperature variations (Agbo, 2011; Agboet al., 2013; Onyia 

and Nnabuchi, 2014; Onahet al. 

The absorbance of SnO thin films at various bath temperatures decreases between 300-350 

nmand then increases continuously up to 1000 nm(Fig. 6). This behaviour is not supported by 

many research works in the literature (Saeidehet al, 2011; Patilet al., 2012; Onyia and Nnabuchi, 
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2012). The survey of literature showed that the absorbance of thin films generally decreases with 

wavelength across the electromagnetic spectrum. The deposition conditions and variation of 

growth parameters attributed for this optical behaviour exhibited by SnO film samples deposited 

here. The absorbance of SnO film samples generally vary from 0.10-0.70. These range of values 

are within the limit stipulated by Lambert-Beer’s law (online: http://www.wikilectures.eu/index-

php).  Our values agree with values of 0.35-0.78 by Saeidehet al. (2011) for SnO thin films but at 

variance with values 2.20-2.70 obtained by Suresh and Jiban (2015) for SnO2 thin films all 

deposited by chemical bath method. The films had higher absorbance value in the infrared region 

as compared to other regions, which is not in agreement with higher absorbance in the UV region 

reported by Onyia and Nnabuchi 2015);  Florian et al., 2019) for chemically deposited SnO thin 

films subjected to different annealing temperatures.  

The observed optical behaviour could be attributed to the deposition conditions. SnO/ZnS 

biphasic thin films were found to exhibit absorbance decreases in the neighbourhood of 300-350 

nm, increases from 350 nm to 600 nm and then decreases between 600-1000 nm (Fig. 5). Three 

major absorbance peaks of 0.35, 0.45 and 0.55 at 100
o
C, 150

o
C and 200

o
C respectively were 

observed. The overall absorbance decreases with the coating of ZnS films on the core binary 

component implying zinc ion incorporation into SnO matrix. This is an indication that the optical 

properties of the SnO can be tuned by controlling the growth parameters of the coating materials.  

The absorbance spectra of SnO/ZnS biphasic thin films also showed that it absorbs the 

visible region better compared to other regions unlike in the core where better absorption was 

observed in the infrared region. As suggested earlier, the incorporation of Zn ion into SnO film 

lattice which will in turn change the grain size could have accounted for the observed difference in 

optical behaviour. Again, there was better absorbance in thr visible region when compared to other 

regions whereas in the SnO, the infrared region were absorbed better compared to other regions. 

As explained earlier, the formation of the biphasic composites which leads to the reorientation of 

the cyrstal lattice and deposition conditions could have accounted for the observed optical 

behaviour.  

This clear optical behaviour showed that we can tune the optical properties to suit a 

specific application by varying growth parameters. In the case of SnO/CrS biphasic thin films, the 

absorbance spectra followed similar trend exhibiting a maximum in the visible region and 

minimum in the UV region. The absorbance varies from 0.05 to 0.57 spanning the entire UV-VIS-

NIR regions. The average absorbance of the biphasic composites is lower than those of the SnO. 

This is indication that the formation of the biphasic composites modified the absorbance spectra of 

the SnO. Our absorbance values are lower than those of Al-Saadi et al. (2019) for SnO:Cr thin 

films synthesized by sol-gel method. Again, the deposition conditions and growth parameter 

variations could have accounted for the difference. The absorbance spectra of SnO/CuS biphasic 

thin films depicting peaks of 0.45, 0.42 and 0.70 for 100
o
C, 150

o
C and 200

o
C layers respectively. 

The absorbance spectra followed similar trend with those of SnO/ZnS, SnO/CoS and SnO/CrS 

biphasic thin films discussed above.  

The reflectance spectra of SnO thin films exhibited a similar trajectory, fluctuating 

between maxima and minima (Fig.11) while those of the biphasic composites exhibit similar trend 

as well (Fig. 12-15). The formation of the biphasic composites completely altered the reflectance 

spectra of binary core component. Very low reflectancewere observed for SnO/ZnS, SnO/CoS, 

SnO/CrS and SnO/CuSbiphasic thin films.  

The high transmittance and high refractive index accounted for the observed low reflection 

for the biphasic thin films. 

The index of refraction of a material is a physical parameter that shows the effect of the 

electric field component of light wave on the distribution around each of the atom in the crystal 

structure. Materials/atoms with high polarisable electron give rise to a high value of the index of 

refraction and vice versa (Agbo, 2014).The values of the index of refraction of all the film samples 

are not only generally low but exhibit similar trend. 

The extinction coefficient (k) of the un-coated SnO thin films increased with bath 

temperature (Fig. 21), which differed in magnitude with those of Saturi et al. (2007) for SnO thin 

films deposited by radio frequency sputtering technique. Islam and Podder (2009) reported 
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extinction coefficient decreases with increasing substrate temperature. The deposition conditions 

could have accounted for the disparity in extinction coefficient behaviours. When coated with ZnS 

films to form SnO/ZnSbiphasic thin films, the extinction coefficient showed significant reduction 

in magnitude irrespective of the bath temperature (Fig. 25). In the case of SnO/CoS, SnO/CrS and 

SnO/CuSbiphasic thin films, the extinction coefficient exhibit similar behaviour.  

The bandgap energy calculated from the absorption spectra are 2.00 eV, 2.10 eV and 2.20 

eV at 100
o
C, 150

o
C and 200

o
C substrate temperatures, respectively which is not exactly matching 

with reported bandgap energy (3.00-3.60 eV) of SnO (Patilet al., 2102; Suresh and Jiban, 2015;). 

However, our values agree with the work of other research group in the literature (Nwodo et al., 

2010). The energy band gap increases with substrate temperature indicating a blue shift. Thus the 

enhancement in band gap could be ascribed to enhancement of structure ordering resulting from 

enhancement of relative intensity of the major diffraction peak as a result of increase in substrate 

temperature (Ayan and Partha, 2017). The energy band gap for SnO/ZnS core-shell thin films is 

1.30 eV, 1.20 eV and 1.10 eV at substrate temperatures of 100
o
C, 150

o
C and 200

o
C, respectively. 

The energy band gap of SnO/ZnS thin films decreased with substrate temperature indicating a red 

shift unlike in the core-SnO where the reverse is the case. This is a clear indication that the 

combination of the individual binary SnO and ZnS components to form SnO/ZnS biphasic thin 

films modified the SnO with fascinating synergetic properties or multi functionalities offered by 

the composite nanostructures. The band gap decreases of SnO/ZnS biphasic thin films with 

substrate temperature could also be due to many body effects like the exchange energy due to 

electron-electron and electron-impurity interactions which occurs when the carrier density exceeds 

a certain value and causes narrowing (red shift) of the band gap energy (Augustine et al., 2018). 

The band gap tenability property makes SnO/ZnS biphasic thin films suitable for application in 

different optoelectronics devices. Our energy band gap values agree with those of Al-Saadiet al. 

(2019) while they do not agree with band gap values of 3.69-3.90 eV (Ayan and Partha, 2017), 

3.75-3.9eV (Shadmani and Rozati, 2012) and 3.75-3.95 eV by Shadmani and Rozati (2012). The 

energy band gap values of 1.60 eV, 1.50 eV and 1.60 eV at 100
o
C, 150

o
C and 200

o
C, respectively 

were obtained for SnO/CoS biphasic thin films while those of SnO/CrS biphasic thin films are 

1.60 eV, 1.40 eV and 1.50 eV at 100
o
C, 150

o
C and 200

o
C, respectively. The energy band gap 

values of SnO/CuS biphasic thin films vary from 1.50 eV at 100
o
C to 1.40 eV at 150

o
C and 1.60 

eV at 200
o
C. The energy band gap of the biphasic composite are slightly lower than those of the 

SnO. This is an indication that the synergetic properties of the biphasic composites affected the 

band gap of the SnO. In other words, the narrowing of the bandgap of baphasic thin films could be 

a consequence of hetrojunction which were formed with SnO film matrix. The biphasic 

composites shifted the fundamental absorption edge of the SnO thin films, thus providing tuning 

effect of the bandgap for specific application. The evaluated bandgap showed a red shift upon 

biphasic formation with the energy badgap decreasing from 1.30 – 1.10eV, 1.60 – 1.60 eV, 1.60 – 

1.50eV, and 1.50 -1.60eV for the investigated biphasic films of SnO/ZnS, SnO/CoS, SnO/CrS and 

SnO/CuS respectively. Generally, the bandgap energy exhibited by these films make them ideal 

for use as window layer in heterojunction solar cells. CdS thin films are widely used as window 

layer in CIGS solar cells.  

 

 
5. Conclusion 
 

The observable breaks in the plotted graph are seen in figures 1 – 45 could be attributed to 

change in phase arising from the combination of SnO and TMCs coating materials during 

chemical bonding. It can equally be caused by quantum size effects associated with the phase 

transition resulting to deposition at different substrate temperatures of 100
o
C, 150

o
C and 200

o
C. 

The results of the research findings are stated as follows: (i) SnO/TMCs nanostructured 

composites configuration were successfully deposited on glass substrate using spray pyrolysis 

deposition technique at different substrate temperature. (i)The results of optical and solid state 

characterization showed that all the optical and solid state parameters varied greatly with the 

biphasic films of SnO/TMCs in all different substrate temperature. (ii) From the results optimal 

film deposition was obtained at angle of 35
o
, height of 34.3m and substrate temperature of 200

o
C. 
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(v) The evaluated band gap obtained for SnO films are 2.00 - 2.20 eV while for biphasic 

(SnO/TMCs) films is 1.10 - 1.60 eV. These values of bandgap make these films potential materials 

for window layers in CIGS solar cells or photovoltaic devices.  
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