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In this study, the influence of laser annealing on the structural, optical and electrical 

properties of thermally evaporated CdTe thin films has been investigated. CdTe thin films 

were deposited by thermal evaporation at different power. Thermally evaporated CdTe 

thin films were then subjected to post deposition laser annealing. The laser annealing was 

done by illuminating the films by pulsed laser beam with combined wavelengths of 

1064nm and 532nm. Both the as-deposited and laser-annealed CdTe thin films were 

characterized using XRD, AFM, FESEM integrated with EDS, UV-Vis spectroscopy and 

Hall Effect measurement system. The as-grown and laser-annealed CdTe thin films 

deposited on soda lime glass showed polycrystalline nature with a mixture of zinc-blende 

(cubic, C) and wurtzite (hexagonal, H) phases. AFM images on the other hand showed 

increase in R.M.S roughness value after laser annealing. FESEM micrographs revealed the 

increase in grain size and the EDS results showed that the CdTe films became tellurium 

rich upon laser annealing. The band gap of the films increased after laser annealing due to 

the quantum confinement effect as revealed from optical analysis. Hall Effect 

measurement found different electrical nature of the CdTe thin films after laser annealing. 
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1. Introduction 
 

Thin film semiconductors are one of the most promising materials for the fabrication of 

optoelectronic semiconductor devices. The group II-VI chalcogenides are of the very important 

series of thin film semiconductors that are well matched for thin film optical devices due to their 

large optical absorption coefficients and also they can be prepared from inexpensive raw materials 

by several methods [1-6]. Cadmium telluride (CdTe) is a very attractive and popular photovoltaic 

material because of its high potential properties which includes high absorption coefficient 

(5.1×10
5
/cm) and ideal energy band gap (Eg) of 1.45eV-1.5eV [6-9]. CdTe has drawn considerable 

attention in the recent past because of their wide range of use in optoelectronic and photovoltaic 

applications such as solar cells, infrared and gamma ray detectors, field effect transistors etc [7]. 

Furthermore, owing to its high absorption coefficient only a thin layer of CdTe of approximately 

2μm thickness is required for nearly complete absorption [10]. In thin film heterojunction solar 

cell fabrication, CdTe can be deposited by various deposition techniques which includes physical 
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vapour deposition (PVD) such as close spaced sublimation (CSS), thermal evaporation, RF 

magnetron sputtering, vapour transport deposition (VTD), metal organic chemical vapour 

deposition (MOCVD), electro-deposition and screen printing [11-12]. Heterojunction thin film 

solar cells with multilayer structure require precise annealing process to minimize the inter-

diffusion with the layers beneath during the annealing process [13-14]. Laser annealing for thin 

films has several advantages in comparison to conventional thermal annealing which includes 
localized high thermal treatments, excellent annealing selectivity to the under layers or substrate, 

short process duration and precise control of the heating time and zone [15-19]. 

In this study, CdTe thin films were deposited by thermal evaporation technique which is a 

physical vapour deposition method (PVD). The films were then subjected to post deposition laser 

annealing under low vacuum condition. Pulsed Nd:YAG laser system was used to anneal the CdTe 

thin films at a laser output energy of 60J/pulse and with a combined wavelengths of 1064nm and 

532nm. The effect of laser annealing on the structural, optical and electrical properties of CdTe 

thin films was then investigated.     

   

 

2. Methodology 
 

CdTe thin films were deposited by thermal evaporation technique on to the commercially 

available soda lime glasses (SLG) used as substrates. At first the soda lime glasses were cleaned in 

ultrasonic bath degreased by methanol-acetone-methanol and deionized water for 5 minutes, 

respectively. Thereafter, N2 gas was used to dry the degreased glasses. CdTe thin films of 

thickness approximately 3μm were then deposited on to the ultrasonically cleaned glasses using 

99.99% pure CdTe powder by thermal evaporation at various deposition power (measured by 

current of 26A, 28A and 30A, respectively). The distance between the boat and substrate was kept 

fixed at 5cm and every time approximately 0.5g of CdTe powder was used during the evaporation. 

The chamber was evacuated and vacuum condition was maintained during the deposition. When 

the pressure inside the chamber was significantly low, thermal evaporation was carried out by 

gradually increasing the current from 0A to the desired value of 26A, 28A and 30A, respectively. 

The temperature of the boat increased with the increase in current eventually heating the CdTe 

source and when the temperature reached above the melting point of CdTe, it started to evaporate 

and the evaporation time was varied in such a way that the thickness of the films were almost 

uniform for different deposition parameters. After the deposition, the samples were left inside the 

chamber for natural cooling. 

Laser annealing was done on to the thermally evaporated CdTe thin films when the 

samples had cooled down. The laser annealing was carried out in low vacuum by illuminating with 

pulsed Nd:YAG laser which has a maximum power output of 1.3 W . The laser beam with output 

energy of 60J/pulse and a combined wavelength of 1064nm and 532nm were used. The pulse 

repetition rate was maintained at 10Hz and the scanning velocity for the laser beam irradiance kept 

constant at 0.5mm/sec. The spot size of 1mm was focused by the Nd:YAG laser system and the 

working distance of the focusing lens was at 6cm from the substrate. 
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Table.1: Sample identification with description 

 

Sample I.D. Sample Description 

P1 As-grown at 26A current 

P1A2 As-grown at 26A current and laser annealed at 

60J/pulse  

P2 As-grown at 28A current 

P2A2 As-grown at 28A current and laser annealed at 

60J/pulse 

P3 As-grown at 30A current 

P3A2 As-grown at 30A current and laser annealed at 

60J/pulse 

 

X-ray diffraction (XRD) was used to analyse the structural properties of CdTe thin films 

and the surface roughness was measured using atomic force microscopy (AFM). The morphology 

and the chemical composition of the films were studied by field emission scanning electron 

microscopy (FESEM) integrated with an energy dispersive X-ray spectrometry (EDS). The optical 

and the electrical properties were measured from UV-Vis spectrometry and the Hall Effect 

measurement system, respectively. 

 
 
3. Results and discussions 
 

3.1 Structural Analysis  

XRD analysis was carried out using ‘BRUKER aXS-D8 Advance Cu-Kα’ diffractometer 

to analyse the structural properties of CdTe thin films. Quantitative phase analysis of each 

diffraction pattern was then carried out using the Eva software along with the JCPDS database and 

the search match tool. The results obtained were then used to analyse the determination of phases, 

crystallinity, dislocation densities, micro-strain, etc. The XRD pattern in Fig. 1 shows the 

diffraction peaks for the CdTe thin films which were as-grown at 26A, 28A and 30A and then 

laser annealed at output energy of 60J/pulse respectively. The XRD pattern for all the samples 

showed no noticeable peaks except for the polycrystalline CdTe dominating peaks with a mixture 

of zinc-blende (cubic, C) and wurtzite (hexagonal, H) phases, as shown in Fig. 1 [14,19]. The 

XRD pattern for all the samples showed two peaks one predominant C(111) at approximately 

2θ=23.80 and another small peak C(311) at approximately 2θ =46.50. The XRD pattern obtained 

are in well agreement with the JCPDS data file (00-015-0770) and (01-073-2871), respectively. 

 

 
Fig.1: XRD pattern for the as-grown and laser annealed CdTe thin films 

 

 

Scherrer formula was used to obtain more structural information, the crystallite sizes D for 

the CdTe thin films [20-21]. 
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                                                       Dhkl= 0.9λ/(βcosθ)                                                   (1)   

 

where, θ is the Bragg diffraction angle, λ is the X-ray wavelength (0.15406 nm) and β is the full 

width at half maximum [FWHM] of the film diffraction peak at 2θ. 

The interspacing between the planes in the atomic lattice, d has been calculated using the 

Brag’s Law [22] 

                                                           dhkl= (λ/2) cosecθ                                                (2)   

 

where, λ is the X-ray wavelength (0.15406 nm) and θ is the angle between the incident ray and the 

scattering planes. Lattice misfit is the term which is associated to the micro-strain (ε) developed in 

the thin films which normally depend on the growth condition. The micro-strain (ε) is calculated 

from the relation [22-23]   

                                                                 ε = (β/4) tanθ                                                       (3)   

 

where, β and θ has their usual significances. The larger value of ε indicates the highly 

polycrystalline film whereas single crystalline nature exhibits lower micro-strain value. 

Determining the dislocations density is very important for analysing the crystallographic 

properties of the thin films.  

The dislocation density of thin films was calculated using the Williamson and Smallman's 

relation [24-25]. In general, dislocations are caused by an imperfection in a crystal which is caused 

by the miss registry of the lattice in one part of the crystal with respect to another part. 

  

                                                                     δ = n / D
2
                                                         (4)      

 

where, n is a factor, which is considered almost equal to unity for minimum dislocation density 

and ‘D’ is the crystallite size or grain size. 

The above equations were used to calculate the different structural properties which are 

tabulated in Table.1 below. The crystallite size ‘D’ along with the other parameters improved for 

all the films after laser annealing which shows that laser annealing had significant effect on the 

structural properties of CdTe thin films. 

 
Table.2: Different structural parameters of as-grown and laser annealed CdTe thin films 

 

Samples Plane   

(hkl) 

dhkl 

values 

(nm) 

Angle 2θ θ 

(degree) 

Average 

D (nm) 

Micro 

strain ε 

(×10
-3

) 

Dislocation 

density δ 

(×10
11

 cm
-2

) 

As Grown 

26A (P1) 

(111) 

(311) 

0.372 

0.195 

23.88 

46.48 

0.0036 36.07 1.90 7.67 

Laser 

Annealed 

60J/pulse 

(P1A2) 

 

(111) 

    (311) 

 

0.373 

0.195 

 

23.80 

46.48 

 

0.0035 

 

40.58 

 

1.84 

 

6.07 

As Grown 

28A (P2) 

(111) 

(311) 

0.372 

0.195 

23.88 

46.62 

0.0037 38.65 1.96 6.69 

Laser 

Annealed 

60J/pulse 

(P2A2) 

 

(111) 

(311) 

 

0.373 

0.195 

 

23.80 

46.64 

 

0.0036 

 

39.59 

 

1.88 

 

6.38 

As Grown 

30A (P3) 

(111) 

(311) 

0.3734 

0.1949 

23.80 

46.54 

0.0029 49.16 1.53 4.14 

Laser 

Annealed 

60J/pulse 

(P3A2) 

 

(111) 

(311) 

 

0.3731 

0.1949 

 

23.80 

46.54 

 

0.0030 

 

47.74 

 

1.58 

 

4.38 
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3.2 Surface Topography Analysis 

Atomic force microscope (AFM) was used to measure the surface morphologies of the as-

grown and laser annealed CdTe thin films. The figure below shows the 3D surface topography of 

the CdTe thin films. AFM in general gives microscopic information on the surface structure of the 

thin films and allows plotting topographies representing the surface relief [25]. 

 

 
Fig.2: AFM Images of As-grown and Laser Annealed CdTe Thin Films 

 

 

The root mean square (RMS) roughness ‘Sq’ of the as-grown and laser annealed CdTe thin 

films were measured using a NT-MDT atomic force microscope (AFM) and the values was 

represented graphically. Figure 3 below shows that the roughness value increased slightly after 

laser annealing for the samples P2A2 and P3A2 which may have attributed towards homogeneous 

and uniform distribution of CdTe grains throughout the film. 

 

 
Fig.3: R.M.S Roughness ‘Sq’ for the as-grown and laser annealed CdTe thin films 

 

 

3.3 Surface Morphology Analysis 

Field emission scanning electron microscopy (FESEM) analysis were performed on the as-

grown and laser annealed CdTe thin films to obtain vital surface features of the CdTe thin films. 
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This analysis provides important information regarding the shape and size of particles or grains 

and the growth mechanism [26-27]. Figure 5 below shows the images of micrographs obtained for 

the as-grown and laser annealed CdTe thin films. 

 

 
Fig.4: FESEM Images of the as-grown and laser annealed CdTe thin films 

 

 

 
Fig.5: Grain size for the as-grown and laser annealed CdTe thin films 

 

 

The laser annealing effect could be observed from the above figures. The micrographs in 

Figure 5 shows that the grain size increased after laser annealing which is also evident from Figure 

6 as well. Quantitatively the average grain size for the as-grown and laser annealed films were 

comparable within a difference of few nanometres. Therefore, the effect of laser annealing on the 

CdTe thin films were trivial that was observed from the FESEM results. 

 

3.4 Chemical Composition Study 

The energy dispersive X-ray spectroscopy (EDS) was generally done to identify different 

materials present in the samples. The EDS studies were made on the as-grown and laser annealed 

CdTe thin films to determine the various elements present in the films and their concentration [27-

28]. Figure 6 below shows the EDS graph for all the as-grown and laser annealed CdTe thin films.   
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Fig.6: EDS Images of as-grown and laser annealed CdTe thin films 

 

 
Table.3: Atomic concentration for elements of as-grown and laser annealed CdTe thin films  

 

Samples Cd (%) Te (%) O (%) 

As Grown 26A (P1) 40.09 38.98 20.93 

Laser Annealed 60 

J/pulse (P1A2) 

44.41 40.14 15.45 

As Grown 28A (P2) 44.75 40.23 15.02 

Laser Annealed 60 

J/pulse (P2A2) 

45.80 41.15 13.04 

As Grown 30A (P3) 43.51 40.73 15.76 

Laser Annealed 60 

J/pulse (P3A2) 

43.18 41.82 15.00 

 

 

The EDS results showed sharp peaks of ‘Cd’ and ‘Te’ together with a small peak of ‘O’ 

for all the as-grown and laser annealed CdTe thin films. The peaks at 3.1 keV and 3.8 keV 

depicted the presence of cadmium and tellurium respectively, where as the small peak at 0.5 keV 

indicated the presence of oxygen. From the atomic concentration table above it shows that all the 

films became tellurium reach and moreover the oxygen concentration also reduced after the laser 

annealing was done. 

 

3.5 EDS Mapping 

EDS mapping was done on the surface of all the as-grown and laser annealed CdTe thin 

films in order to check the films quality in more details. Figure 7 below shows the EDS mapping 

for all the films and from the maps even distribution of ‘Cd’ and ‘Te’ was observed for all the as-

grown and laser annealed films. The samples P3 and P3A2 show signs of ‘Te’ rich films which 

could also be confirmed from Table.3 for atomic concentration.  
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Fig.7: EDS mapping for the as-grown and laser annealed CdTe thin films 

 

 

3.6 Optical Study 

The optical properties of the as-grown and laser annealed CdTe thin films were measured 

from UV-Vis spectrometry. The transmission spectra and the optical band gap for all the samples 

were measured. Figure 8 below shows the transmission spectra for all the as-grown and laser 

annealed films which were carried out between wavelengths of 350 nm to 850 nm. All the films 

exhibited transmission value below 10% in the visible range which shows that CdTe is a very good 

absorber layer for solar cells. 

 

 
Fig.8: Transmission spectra for the as-grown and laser annealed CdTe thin films 

 

 

The band gap of the as-grown and laser annealed CdTe thin films were calculated using the 

following equation which is a well-known expression to calculate the band gap [29].    

 

                                                      α = A (hɳ - Eg)
1/2

 / h                                                       (5)   

 

where, α is the absorption coefficient,  A is a constant, h is photon energy and Eg is the band gap. 

The Figure 9 below shows the graph of (αh)
2
 against photon energy (h), for all the as-grown 

and laser annealed samples. 
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Fig.9: Energy band gap (Eg) for the as-grown and laser annealed CdTe thin films 

 

 

In comparison to the bulk semiconductors, the increase of the threshold absorption energy 

in the semiconductor microcrystals is expected to arise from a quantum size effect [30]. The band 

gap (Eg) increased from 1.5eV to 1.62eV after the laser annealing was done which is due to the 

quantum confinement effect. The slight shift in band gap could be attributed to the nano-crystallite 

size depicted from the XRD results and as well as the incorporation of oxygen which could also be 

confirmed from the EDS table [31-32].   

 

3.7 Electrical Properties Measurement 

Electrical properties of the as-grown and laser annealed CdTe thin films were measured 

using the Hall Effect measurement system. The analysed parameters were bulk concentration, 

mobility, resistivity and hall coefficient. The system that was used to carry out the measurement 

was an integrated resistivity/Hall measurement system (ECOPIA 3000). The system had the 

current source and the magnetic field values constant at 10nA and 0.5T respectively. Table.4 

below shows the values of all the parameters obtained from the Hall Effect measurement.    

 
Table.4: Hall Effect measurement data for the as-grown and laser annealed CdTe thin films 

 

Samples Bulk 

Concentration 

[×10
12

] (/cm
3
) 

Mobility 

(cm
2
/Vs) 

Resistivity 

[×10
4
] (Ω-cm) 

Hall Co-

efficient [×10
5
] 

(cm
3
/C) 

As Grown 26A 

(P1) 

4.22 27.77 7.67 21.36 

Laser Annealed 

60 J/pulse 

(P1A2) 

2.26 39.75 7.19 28.35 

As Grown 28A 

(P2) 

8.73 31.79 3.20 6.83 

Laser Annealed 

60 J/pulse 

(P2A2) 

1.73 62.53 6.66 42.39 

As Grown 30A 

(P3) 

3.25 83.75 8.04 72.95 

Laser Annealed 

60 J/pulse 

(P3A2) 

6.39 35.55 8.61          10.24 

 

 

To observe the relation between bulk concentration and resistivity for the as-grown and 

laser annealed CdTe thin films, two graphs in Figure 10 were plotted. For the first figure the 
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variation of bulk concentration with resistivity for the as-grown samples were shown which 

revealed a straight forward nature that with the increase in bulk concentration, the resistivity of the 

films decreases. On the other hand similar nature was not observed for the laser annealed films in 

Figure 10 (b) where the resistivity didn’t reduce with the increase in bulk concentration because 

for the laser annealed films, the mobility increased upon laser annealing which intern causes 

hindrance for the movement of charge carriers eventually increasing the resistivity of the films. 

 
                          Fig. 10: (a) As-grown CdTe films (b) Laser annealed CdTe films 

 

 

4. Conclusion 
 

In this study, the effects of laser annealing on the thermally evaporated CdTe thin films 

were observed. The conclusions are made based on the structural, optical and electrical analysis 

which was carried out in this study. XRD results showed that the films were polycrystalline in 

nature with a mixture of zinc-blende (cubic, C) and wurtzite (hexagonal, H) phases. AFM revealed 

that the R.M.S roughness increases after laser annealing. The chemical analysis showed that the 

films become tellurium rich after laser annealing which is desirable. The optical measurement 

depicted that the band gap of the samples increases after laser annealing possibly due to quantum 

confinement effect. Electrical properties showed that the mobility increases after laser annealing 

which in turn increases the film resistivity. The above results illustrated that laser annealing has 

some significant effect on certain properties of CdTe thin films suitable for PV application. 
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