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CdS (Cadmium Sulphide) has been studied as a buffer layer to form heterojunctions layer with an ab-

sorber layer in photovoltaic applications. Different techniques have accounted for deposition CdS layer. We 

had studied CdS thin film layer by thermal evaporation and chemical bath deposition (CBD) techniques. 

Structural, optical, electrical and Photoluminescense (Pl) analysis of CdS thin films have been studied. 

Urbach energy, dark resistivity and light resistivity also have been estimated.   
 

Keywords: Thermal evaporation, CBD, Urbach energy. 
 

DOI: 10.21272/jnep.10(2).02012 PACS numbers: 81.15. Ef, 61.43. – j, 78.55.Et, 73.61. – r 

 

 

                                                           
*cjpanchal_msu@yahoo.com 

1. INTRODUCTION 
 

Cadmium sulphide (CdS) plays key role in various 

solar cell system such as CdTe, Cu(In,Ga)Se2, 

Cu(In,Ga)S, Cu2ZnSnSe4. A certified power conversion 

efficiency of 22.8 % has been recorded for thin film 

based Cu(In,Ga)Se2 solar cell [1]. Cadmium sulphide is 

extensively used as n-type semiconducting layer in 

multi-layered Cu(In,Ga)Se2 solar cell. For p-n junction 

of solar cell, CdS as a buffer layer have explicit proper-

ties such as (a) high transparency, (b) thickness should 

not be too thick to avoid absorption, nor too thin to 

avoid short circuit with absorber layer, (c) highly con-

ductive to reduce electrical losses in solar cells and (d) 

highly photoconductive to not alter the solar cell spec-

tral response [2]. Many different techniques have been 

accounted for depositing CdS layer. Many researchers 

had deposited CdS using different techniques such as 

MOCVD [3], closed space sublimation [4], pulse direct 

current magnetron [5], combine dip [6], microwave as-

sisted CBD [7], electrodeposition [8], RF-sputtering [9], 

pulse laser deposition [10], spray pyrolysis [11], screen 

printing [12], and Chemical vapour deposition [13]. 

Among all deposition techniques, Chemical Bath Depo-

sition (CBD) technique is found most promising for 

achieving high efficient solar cell. In present study we 

have deposited CdS thin films on soda lime glass by 

two different method (a) thermal evaporation and (b) 

CBD. In CBD method, conformal coverage of compound 

takes place. 

 

2. EXPERIMENTAL DETAILS 
 

CdS thin films were deposited by two different 

techniques, (a) thermal deposition and (b) CBD on soda 

lime glass substrate. The soda lime glass substrates 

were organically cleaned by trichloroethylene, acetone 

and methanol. CdS thin films deposited by thermal 

evaporation at different substrate temperature (ST) 

[Room Temperature (RT), 100 °C, 125 °C, 150 °C, 

175 °C] with thickness of 50 nm. Pure CdS powder from 

SIGMA-ALDRICH (99.995 %), USA has been used for 

thermal deposition. The source to substrate distance 

was maintained at 8 cm. The substrate temperature 

was measured by chromel-alummel thermocouple using 

temperature controller. Rate of Deposition and thick-

ness of thin films deposited by thermal evaporation was 

estimated by thickness monitor Hind High Vacuum Co. 

India (HHV DTM-110). Cadmium sulphate (CdSO4), 

ammonia, thiourea (SC(NH2)2) were used as initial pre-

cursor for depositing CdS by CBD technique. CdS de-

posited by chemical bath deposition (CBD) with differ-

ent S/Cd ratio i.e. [1 (sol 1), 2.5 (sol 2), 5 (sol 3), 7.5 

(sol 4)]. The cadmium (0.02 M) concentration was kept 

constant while sulphur concentration was varied i.e. 

(0.2, 0.5, 1, 1.5 M) pH of bath was maintained to 10. 

The glass substrate was kept vertical in bath. The solu-

tion was continuously stirred to deposit homogenous 

CdS thin film. Total volume of solution was 100 ml and 

bath temperature were maintained 65 – 67 °C. The 

deposition time for CdS thin films was 20 min. Struc-

tural, electrical, optical, photoluminescence characteri-

zation of CdS thin films deposited by thermal evapora-

tion and CBD technique have studied. Optical parame-

ters such as transmittance, absorption have been 

measured using UV-Vis spectrometer (300 – 900 nm). 

Absorption has been calculated using equation (1),  
 

   
ln( )T

d
, (1) 

 

where T is transmittance of CdS thin films at and d is 

thickness of CdS thin films. Thickness of CdS thin film 

was 50 nm.  

Urbach Energy was also estimate in order to calcu-

late defect energy. Urbach energy is governed by the 

structural disorder, imperfection in stoichiometric and 

passivation at the surface. It has been estimated using 

following equation (2). 

 Urbach energy was estimated by plotting ( )ln  vs 

energy (hv ). The inverse of linear slope is known as 

Urbach energy ( UE ) and „‟ is the steepness parameter. 

Dark and light resistivity had been measured using four 

point probe method. Light resistivity has been measured 

under white light irradiation source 150 W metal halide 

lamp. The distance between lamp and CdS thin films 

was kept 20 cm. Both light and dark resistivity had 
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measured using high resistance meter (Keithley 

6517B). Indium was used as contact for measuring re-

sistivity. 

Photoluminescence analysis of CdS thin film was 

carried out at room temperature using frequency dou-

bled 532 nm Nd-YAG laser and CCD detector. 

X-ray analysis has been carried out using PANalyti-

cal X'Pert-Pro (Source: CuKα). 

 

3. RESULT AND DISCUSSION 
 

3.1 Structural Characterization 
 

Structural characterization of CdS thin films depos-

ited by (1) thermal evaporation at different substrate 

temperature and (2) CBD with different S/Cd ratio 

have been determined from X-ray analysis. X-ray anal-

ysis of CdS thin films deposited by thermal evaporation 

and CBD techniques are shown in Fig. 1(a) and (b). 

CdS exhibit two phases i.e. (a) hexagonal and (b) cubic. 

The preferable phase of CdS for n-type buffer layer to 

form p-n junction with p type CIGS is hexagonal. This 

is because CIGS possess tetragonal phase structure, so 

in order to avoid lattice mismatch hexagonal phase is 

preferred rather than cubic. Major peak at 26.7 was 

observed for CdS thin films which refer to the prime 

hexagonal phase (002) [14, 15]. At ST 150 °C, the in-

tensity of peak is highest which shows the homogene-

ous deposition of thin film with stoichiometric composi-

tion. No other phase had been found in CdS  
 

 
 

(a) 
 

 
 

(b) 
 

Fig.1 – X-ray analysis of CdS thin films deposited by (a) 

thermal evaporation at different ST and (b) CBD at different 

S/Cd ratio 
 

thin films deposited by thermal evaporation. XRD 

analysis of CdS thin films deposited by CBD technique 

reflects the presence of other phase also [16, 17]. The 

hexagonal phase has been confirmed with JCPDS card 

41-1049, -CdS phase. 

 

3.2 Optical Characterization 
 

Optical Characterization is one of the key parame-

ter to analyse the quality of deposited thin films. 

Transmittance of all CdS thin films deposited by (1) 

thermal at different ST and (2) CBD at different S/Cd 

ratio has been measured as shown in Fig. 2. 
 

 

 

(a) 
 

 

 

(b) 
 

Fig. 2 – Transmittance spectra of CdS thin films deposited by 

(a) thermal evaporation at different ST and (b) CBD at differ-

ent S/Cd ratio 
 

The average transmittance of CdS thin films depos-

ited at substrate temperature is nearly 75 – 90 % while 

those films deposited by CBD have transmittance 52 –

 74 %. The low transmission of CdS thin film deposited 

by thermal evaporation at substrate temperature RT, 

100 °C, 125 °C, and 175 °C is due to inhomogeneous 

deposition of CdS thin film. It is also well-known fact 

that Cd + 2 adheres faster than S – 2 ions, due to which 

large number of defects like vacancies, interstitials, 

dislocation, strain have been formed during deposition. 

Due to high vapour pressure and low adhesion of sul-

phur atoms, stoichiometric composition is not main-

tained at RT, 125 °C and 175 °C ST. CdS thin film with 

S/Cd ratio 1 and 7.5 has high transmission. This is due 

to ion-by-ion growth mechanism which leads to crystal 

growth. Low transmission in S/Cd ratio 2.5 and 5 is due 

to colloidal agglomeration cluster formation in the solu-

tion. Colloidal aggregates form due to ammonia com-

plex. CdS thin film with S/Cd ratio 7.5 has highest 

transmission due to less defect density and uniform 
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coverage of film. Similarly, film deposited at 150 °C ST 

has homogenous deposition with no pin holes have high 

transmission. The band gap has been estimated from 

(absorption coefficient x thickness) vs energy plot is 

shown in Fig. 3(a) and (b). Band gap of CdS thin films 

deposited by thermal evaporation is nearly in the range 

of 2.25-2.34 eV which is in good agreement with bulk 

CdS (2.42 eV). At 150 °C, substrate temperature band 

gap is nearly 2.34 eV which is due good crystallinity of 

the deposited thin films [14, 18]. For CdS thin films 

deposited by CBD has band gap nearly 2.25 eV with 

S/Cd ratio 7.5. This indicated higher S/Cd ratio has 

good crystallinity compare to lower S/Cd ratio. It has 

been noticed that at higher S/Cd ratio conformal cover-

age CdS over the glass substrate is good. 
 

 
 

(a) 
 

 
 

(b) 
 

Fig.3 – (Absorption coefficient x thickness) vs Energy spectra 

of CdS thin films deposited by (a) thermal evaporation at dif-

ferent ST and (b) CBD at different S/Cd ratio 
 

The blue shift in band gap energy of CdS thin films 

from the bulk CdS (2.42 eV) is due to formation of de-

fects. These defects are the traps which affect the opti-

cal absorption. The decrease in the optical band gap is 

due to defect- induced at band tailing. Band tailing 

below absorption edge is due to formation of location of 

localized energy states near band edges. It has also 

been reported that, decrease in optical band gap is due 

to confinement of charge carrier [18 – 20].  

 

3.3 Urbach Energy and Electrical Characteriza-

tion 
 

Urbach energy is also known as “band tail width” as-

sociated with localised states of amorphous structure in 

forbidden gap. Urbach energy is governed by the structur-

al disorder, imperfection in stoichiometric and passivation 

at the surface [21]. Urbach energy also indicates the dis-

order of phonon states in the film. Urbach energy „EU‟ is 

found below absorption band edge of compound. The gen-

eration of absorption edge at the band gap energy is due to 

exciton–phonon interaction or may be due to electron–

phonon interaction. This can be estimated from steepness 

parameter. The band bending causes reduction in optical 

band gap. The higher EU defines the high disorder of pho-

non states in the films. The high disorder of phonon states 

in CdS thin films is may be due to thermal disorder or 

occupancy level of phonon states. The Urbach energy (EU) 

and steepness parameter (σ) has been estimated for CdS 

thin film deposited by thermal evaporation and CBD as a 

function of ST and S/ Cd ratios shown in table 1. It has 

been found that CdS thin film deposited at 150 °C ST 

has 34.34 meVUE  , while that with S/Cd ratio 5 has 

54.46 meVUE  . The results indicate that, at RT, 

100 °C, 125 °C & 175 °C substrate temperature, high 

disorder in film is present due to improper stoichio-

metric composition [22]. For CdS thin films deposited 

at different S/Cd ratio, at higher S/Cd ratio the disorder 

decrease, due to uniform deposition of CdS. Some stud-

ies on the basis of correlation between Urbach energy 

open circuit voltage, short circuit current and quantum 

efficiency [23, 24]. Electrical resistivity of CdS thin 

films also had been measured and mention in table 2. It 

has been noticed the change in electrical resistivity of 

CdS thin film in light and dark condition. The electrical 

resistivity is in order of 105 cm [14].  
 

Table 1 – Urbach Energy & Steepness parameter for CdS thin 

films deposited by thermal evaporation & CBD techniques 
 

As grown sample 

Urbach 

Energy 

( UE ) 

Steepness 

parameter 

( ) 

At different 

substrate 

temperature 

(°C) 

RT 73.52 0.351 

100  43.76 0.590 

125  70.52 0.366 

150  34.44 0.750 

175  55.34 0.467 

At different 

S/Cd ratio 

Sol 1 82.98 0.311 

Sol 2 82.03 0.315 

Sol 3 54.46 0.474 

Sol 4 78.74 0.328 
 

Table 2 – Light and Dark resistivity of CdS thin films depos-

ited by thermal evaporation & CBD techniques 
 

As grown sample 

Light 

Resistivity 

( 5
x10 cm ) 

Dark 

Resistivity 

( 5
x10 cm ) 

At different 

substrate 

temperature 

(°C) 

RT 6.86 6.05 

100  6.12 8.64 

125  6.31 12.05 

150  5.31 18.34 

175  5.56 15.52 

At different 

S/Cd ratio 

Sol 1 2.72 5.98 

Sol 2 3.41 5.08 

Sol 3 4.46 6.42 

Sol 4 2.03 7.18 
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3.4 Photoluminescence Analysis 
 

In order to study the defect formation photolumines-

cence analysis has been carried out. Pl scrutinizes optical-

ly active recombination centers. Photoluminescence anal-

ysis provide information regarding impurities and defect 

centres which act as recombination centres for charge 

carrier which are responsible in degradation of efficiency 

of solar cell. In CdS material photocurrent is not generat-

ed due to radiative or non-radiative recombination, be-

cause it contains highly compensated with comparable 

densities of shallow donors and deep acceptors. Pl analysis 

of CdS thin films deposited by thermal evaporation and 

CBD technique has been studied. An emission peak 

around 1.74 eV has been found in all deposited CdS thin 

films. Fig. 4(a) and(b) shows the Pl analysis of CdS thin 

films deposited by thermal evaporation and CBD tech-

nique. Peak at energy 1.74 eV is known as „Red band‟. Red 

band‟ with energy 1.74 eV is due to sulphur vacancies. Pl 

intensity of CdS thin films decreases as substrate temper-

ature increase from RT to 150 °C. This indicates that as 

substrate temperature increase the defect density de-

creases. But at higher substrate temperature 
 

 
 

(a) 
 

 
 

(b) 
 

Fig. 4 – Photoluminescence analysis of CdS thin films depos-

ited by (a) thermal evaporation and (b) CBD at room tempera-

ture 

i.e. 175 °C, Pl intensity increased. This increase in Pl 

intensity is due to increase in defect density [25, 26]. Pl 

intensity of CdS thin film deposited by CBD technique 

decreased with the increase in S/Cd ratio. As the con-

centration of sulphur atoms increase, defect density of 

sulphur defect decrease. The Pl spectra of CdS thin 

films deposited by thermal evaporation and CBD tech-

nique have gaussian shape which is due to photo-

physical result of the band measurement of thin film at 

room temperature. The broadening of shape is due to 

in-homogenous distribution of cadmium and sulphur 

atoms and thermal energy associated with it. The Pl 

emission is not sharpened because of the presence of 

recombination sites, different impurity concentration is 

present in grains. It is also noted that red band of CdS 

thin films is generated due to transition of electrons 

trapped in surface states to valence band. This type of 

transition occurs on the formation of crystallographic 

defect [27].  

 

4. CONCLUSION 
 

N-type buffer layers CdS thin films were deposited 

on organically cleaned soda lime glass. CdS thin films 

were deposited using two different techniques i.e. 

thermal evaporation and CBD. CdS thin films deposit-

ed by thermal evaporation at different substrate tem-

perature with thickness 50 nm while CdS thin films 

deposited by CBD technique at different S/Cd ratios. 

From the analysis of structural, optical, Urbach energy, 

electrical and photoluminescence analysis, it has been 

found CdS thin film deposited at 150 °C shows good 

crystallinity quality with less Urbach energy. Similar-

ly, thin film deposited by CBD at S/Cd ratio 5, shows 

result good in agreement with thin film deposited by 

thermal evaporation technique. In Pl analysis, red 

band has been observed for thin film deposited at 

150 °C and S/Cd ratio 5 with less intensity. This also 

has been confirmed by Urbach energy estimation. 
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