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Introduction 

Cadmium sulfide (CdS) has received wide attention due to 

its important role as the best heterojunction buffer layer for CIS, 

CdTe, CIGS photovoltaic solar cells [1-3]. A thin CdS 

intermediate buffer layer is would deposit to improve the 

interface properties with the other layers; like active and ZnO 

thin layers. The buffer layer can also serve as an optical window 

with higher and lower optical energy band gaps and refractive 

index for the increasing coupling of light into the absorber [1-3]. 

In practice performance of the buffer layer in multilayer solar 

cell depends on theses parameters; i) charge carrier diffusion 

length Lm=(Dmtm)
1/2

 in absorber layer  (here Lm – diffusion 

length, Dm- diffusion constant and tm- life time); it has suggested 

reduction in diffusion content Dm result of the reduction in 

diffusion length Lm: ii) reduction in Lm results an exclusive drop 

in life time τm : iii) buffer layer key function to block the 

minority charge carriers motion through the barrier and allow 

majority carriers free flow across obstacle [4]. Therefore the 

prime benefit of buffer layer it can essentially remove the 

contact which may come from the higher minority-carrier 

recombination losses in the absorber. Such optical enhancement 

of the buffer layer can be reduced the absorption and reflection 

losses, this can result enhanced open-circuit voltages (VOC) due 

to reduction in carrier mobilities.  Thus optimization of the 

buffer layer thickness is a crucial parameter [1,4]. The several 

techniques including electrodeposition [5], spray pyrolysis [6], 

vacuum evaporation [7], and chemical bath deposition CBD [8] 

CdS thin layer properties have been reported by the 

investigators. But a very few reports on CdS layer thickness 

optimization or properties with pulse laser deposition (PLD) 

technique. Therefore goal of this work, to present CdS thin films 

thickness dependence study like surface morphology, cross 

sectional view, EDS with elemental mapping, AFM surface 

roughness parameter, Raman spectra, photoluminescence, UV-

Visible range FT-IR,  I-V and R-V characterizations, under an 

applied voltage range 0 – 10 V  with the varying laser pulses. 

 

 

 

Experimental Details 

To make a PLD target the proper amount (around the 4-5 g) 

of the CdS (50:50%) composition was taken. CdS material 2 

inch circular PLD target pellet was made by employing the 10 

ton load; after that, it was sintered at temperature 2000C to 

harden the surface. The made material PLD target and ITO 

coated 3.0 × 3.0 mm substrates were mounted in a high vacuum 

chamber for the film deposition under the pressure 4 × 10
-2

 Torr. 

The excimer pulse laser energy, current and frequency were 

used 300 mJ, 10 Hz/sec respectively. The PLD deposited thin 

films crystallographic structure, surface morphology, cross 

sectional view, energy dispersive X-ray patterns and elemental 

mapping, roughness and depth profile, Raman spectrum, 

photoluminescence (PL), Fourier Infrared Transmission 

Radiation (FT-IR) spectrum, I-V and R-V characteristics were 

characterized by employing the relevant 

Results and Discussion 

X-ray crystallographic structure of the 1000, 2000 and 3000 

laser pulses deposited thin films, in respect to the JCPDS CdS 

data is given in Fig.1. CdS prominent 2θ value peaks 26,  

30, 43 and 52 0, corresponding to (111), (200), (110) and 

(112) crystallographic planes are appearing in the laser 

deposited thin films. Additionally laser deposited CdS thin films 

are also showing 2θ peaks at 25 and 480 corresponding to (100), 

(103) crystallographic planes. Here it is noticed with the 

increasing thickness of the film, the (100) and (112) 

crystallographic plane peaks intensities in increasing order, 

while, the (103) crystallographic plane seems to remain 

unchanged. Thus, the varying pulse laser deposited CdS thin 

films crystallographic structures are altered with the increasing 

thickness.   

CdS buffer layer surface morphology can also play 

substantial role in determination of its working performance. 

Usually the CdS buffer layer even surface morphology would 

have required for higher performance photovoltaic solar cell [9].
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ABSTRACT 

Report demonstrates pulse laser dependence CdS thin films thickness variation and 

properties. Variable thickness properties like; surface morphology, cross sectional view, 

EDS with elemental mapping, AFM surface roughness parameter, Raman spectrum, 

photoluminescence, UV-Visible range FT-IR, I-V and R-V characteristics is discussed. It 

has been noticed with increasing laser pulses thickness, structure, surface morphology, 

Raman spectra, FT-IR band, I-V and R-V characteristics are changed. With the increasing 

number of laser pulses, the increase in surface roughness parameter, shift in FT-IR band tail 

toward the lower wave number side and higher current growth with lower resistance is 

observed for the thicker films.      
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Figure 1. XRD patterns for the 1000, 2000 and 3000 

pulses deposited CdS thin films 

 

Figure 2. (a b, c d, e f). FESEM morphologies and cross 

sectional view for the 1000, 2000 and 3000  laser pulses 

deposited CdS  thin films 

The FESEM surface morphologies and cross sectional view 

of the 1000, 2000 and 3000 laser pulses deposited CdS thin 

films is exhibited in Figure 2 ( a- f). The 1000 laser pulses 

deposited thin film surface morphology appears smoother (see 

Fig. 2 a) with the thickness around 82 nm (see Fig. 2 b), while, 

the 2000 laser pulses deposited film seems to fewer homogenous 

(see Fig. 2 c) and thickness around 230 nm (see Fig. 2 d). 

However, 3000 laser pulses deposited thin film has developed a 

distinct surface morphology (see Fig. 2 e) with the thickness 

around 730 nm (see Fig. 2 f). During the morphological analysis 

it has observed 3000 pulses deposited thin film exhibited the 

sharp cracks at the several places. With the smooth surface 

morphology the stiochimetric presence of the elements is also an 

important parameter [10]. Therefore, Fig. 3 (a - i) exhibits EDS 

mapping and EDS patterns for the 1000, 2000 and 3000 laser 

pulses deposited thin films. The varying laser pulses deposited 

thin films have exhibited almost homogenous distribution of the 

Cd and S, while, the respective film EDS patterns confirms the 

presence of elements in compositional amount.     

AFM surface morphological view of the developed thin 

films could provide the valuable information about formed 

grains; however, AFM 3D view can provide the roughness of the 

respective films. The relevant depth profile peak can be related 

to the percentage of the developed minimum and maximum size 

grains within the thin films. Figure 4 (a- i) represents AFM 

surface grains morphologies, roughness and depth profile for the 

varying laser pulses deposited CdS thin films.  It is noticed with 

the increasing films thickness (or laser pulses) the fine grains 

formed in the morphology. A slightly larger grain sizes are 

appearing for the 3000 pulses deposited thin film (see Fig. (a, d, 

g)). With the additional information 3000 laser pulses thin film 

has several sharp cracks within the surface morphology. The 3D 

view of the corresponding thin films gives roughness parameter 

in increasing order with the increasing thickness, it obtains 

highest (0.391 to 1.10) for the thicker film (see Fig. 4 (b, e, h)). 

The average size particle distribution for the 1000 and 2000 

laser pulses deposited thin films seems to identical. But 3000 

laser pulses deposited thin film particle distributions are wider 

than other two discussed thin films (see. Fig. 4 (c, f, i)).  
 

Figure 3. (a b c, d e f,  g  h i). EDS Mapping and EDS 

patterns for the 1000, 2000 and 3000 pulses deposited CdS 

thin films 

 

Figure 4. (a b c, d e f,  g  h i). AFM surface morphology,  

roughness parameter and depth profile for the 1000, 2000 

and 3000 pulses deposited CdS thin films 

Hence AFM morphological view of the developed CdS thin 

films reveals with the increasing thicknesses roughness of the 

surfaces are also increased. The appearance of cracks in thickest 

film surface morphology may be due larger grain size and a 

reduction in adherence between the element Cd and S.  

Raman spectroscope can also provide structural changes in 

these laser pulses varying thin films. The recorded Raman 

spectrum of the CdS thin films is given in Fig. 5. It is evident, 

with the increasing thin films (or increasing laser pulses) 

thicknesses the spectral peak counts value is also increased. The 

lowest and highest counts values are obtained for the 1000 and 

3000 pulses films, while, 2000 laser pulses deposited thin film 

counts value fall in-between. The CdS prominent Raman peaks 

302 cm
-1

, 603 cm
-1

 with other low intensity peaks at 150 cm
-1

and 

389 cm
-1

 are appeared in each film. The thicker CdS films 

higher counts values can be directly correlated to the existence 

of large numbers of Raman active modes [11] in comparison to 
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thinnest film. Thus with the increasing laser pulses or thickness 

of the CdS films there is no sharp structural change has observed 

except obvious enhancement in peak counts value for the thicker 

films. Moreover, a good buffer layer material should have high 

order incident light transmission property toward the active layer 

with the minimal optical loss. By mean buffer layer material 

should have high order intrinsic optical transmission. 

Photoluminescence optical property can reflect a large number 

of sub bands formation within the optical forbidden gap in 

buffer layer material [12]. The existence of such a large number 

of sub layers makes the efficient transmission of the incident 

photon from top to bottom in a buffer layer.  
 

 Figure 5. Raman spectra for the 1000, 2000 and 3000 

pulses deposited CdS thin films 
 

Figure 6. (a, b, c). Photoluminescence profile for the 

1000, 2000  and 3000 pulses deposited CdS thin films 

The thickness dependence photoluminescence optical 

property of the CdS thin films is given in Fig. 6 (a, b, c). The 

1000, 2000 and 3000 laser pulses deposited thin films are 

exhibiting a strong photoluminescence signal in the wavelength 

range in between the 450 nm to 650 nm. It is noticed with the 

increasing films thicknesses the photoluminescence peak 

position seems to unaffected.  

The FT-IR transmission property in optical wavelength 

range could be useful to define the optical properties of the 

buffer layer. Cause we have received on earth a large amount (~ 

65%) of sun energy in IR range [13]. Therefore, it is worth to 

explore the CdS buffer layer material IR light transmission 

ability in UV/Visible optical range. The CdS thin films recorded 

FT-IR transmission spectra in UV/Visible range is exhibited in 

Fig. 7. The obtained spectrum is showing band tail thresholds 

shifted toward the higher wave number side. This is higher and 

lower for the 1000 and 3000 pulses deposited thin films. This 

means the optical energy band gap for the 1000 deposited thin 

film is slightly lower than other two films. 

 

Figure 7. UV/Visible range FT-IR spectrum for the 

1000, 2000 and 3000 pulses deposited  CdS thin films 

 

Figure 8. I-V and R-V for the 1000, 2000 and 3000 

pulses  deposited CdS thin films in the applied voltage range 

0-10V 

I-V and R-V characteristics of the 1000, 2000, 3000 laser 

pulses fabricated CdS/ITO/substrate devices is given in Fig. 8. It 

is evident; with the increasing CdS thin films thickness the 

current growth and resistance in increasing and decreasing order. 

Almost nearly identical current growths and resistance drops are 

appearing for the 2000 and 3000 laser pulses deposited devices, 

while, least current growth and resistance drop is observed for 

the 1000 laser pulses device, under the applied voltage range 0- 

10 V. This reflects upto certain thickness charge carrier creation 

in CdS thicker film increases afterward it become approximately 

constant (see I-V profile 2000 and 3000 pulses). Thus free 

charge carrier creation centers in a CdS thin film is would affect 

upto certain thickness limit but not beyond that.      

Conclusions  

In conclusive remarks, this study has demonstrated the 

pulse laser dependent thickness and structural, optical and 

electrical variations of the CdS/ITO/substrate devices. 

Specifically alteration in structure, surface morphology and 

cross sectional view, alloying elements existence and their 

distribution throughout the configuration for the CdS thin films 

have verified. Further, in view of possible use of the developed 

CdS thin films for the buffer layer in multi layers photovoltaic 

cells the AFM surface grain morphology, roughness parameter 

and average particle size depth profile have been examined. It 

has observed the lowest and highest roughness parameter and 

depth profile for the 1000 and 3000 laser pulses deposited thin 

films. With an additional feature 3000 film has several sharp 

cracks within the surface morphology. The increasing laser 

pulses deposition of CdS thin films also affected the Raman 
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active vibration mode, which has appeared in the form of low 

and high intense peaks. The strong photoluminescence has 

appeared in these thin films. This is one of the essential 

requirements for a buffer layer material. The FT-IR transmission 

spectra in the UV/Visible range can reveal the buffer layer 

material interaction of the IR light. The outcome revealed 

developed CdS thin films have a strong IR transmission ability 

with the band tail shifting lower wave number side for the 

thicker films. To explore the critical parameters for the buffer 

layer material this report also includes alteration in I-V and V-R 

electrical properties, in the crucial voltage range (0- 10 V). This 

result has given with the increasing thicknesses of the films 

current growths and resistance drops in these films.  The 

electrical parameters have obtained lowest and highest visa 

versa for the 1000 and 3000 laser pulses deposited thin films. 

Thus, structural, surface morphological and cross sectional view, 

roughness parameter, optical and electrical properties of the 

developed CdS/ITO/substrate devices has revealed 1000 laser 

pulses suitable for the buffer layer fabrication.          
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