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The influence of thermal annealing on the structural and optical properties of Cd0.96Zn0.04Te 
thin films were studied by XRD, AFM, optical transmittance measurement and Raman 
scattering. The polycrystalline Cd0.96Zn0.04Te fi lms were deposited onto well-cleaned glass 
substrates (Corning 7059) maintained at room temperature and are anneled. The films were 
stoichiometric as analyzed by RBS and EDAX. The films exhibited zinc blende structure 
with predominant <111> orientation. The intensity of the <111> peak increases and the 
FWHM decreases on thermal annealing. The rms roughness of the as-deposited film is            
3.7 nm and the value decreases on annealing. The direct allowed band gap value of the room 
temperature deposited films is 1.523 eV which decreases on thermal annealing. The Raman 
spectra of the films show longitudinal- and transverse-optical (LO, TO) modes, which arise 
from CdTe- and ZnTe-like vibrations. The intensity of the peaks increases and the FWHM 
decreases with the increase in annealing temperature indicates the improvement of 
crystall inity on thermal annealing. 
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1. Introduction 
 
Cd1-xZnxTe is a ternary IIB-VIA compound semiconductor, which is having promising 

applications in a variety of solid-state devices, such as solar cells, photo detectors and light emitting 
diodes, as the band gap is expected to be direct and tunable in the region between 1.45 and 2.3 eV 
(for x = 0 and x = 1 respectively) [1-4]. Cd1-xZnxTe is used in optical memory devices, X-ray and 
gamma ray detectors [5]. Cd1-xZnxTe material with a band gap of 1.65 – 1.75 eV is especially 
attractive for use in high efficient tandem solar cell structures [6]. Though much work has been 
published on the properties of bulk  Cd1-xZnxTe very l imited information is available on Cd1-xZnxTe 
thin films [7-10]. Cd1-xZnxTe (x = 0.04) nearly lattice matches with Hg1-yCdyTe (MCT) for all values 
of y, so it is mainly used as a substrate material for the epitaxial growth of MCT infrared focal plane 
arrays (IRFPAs) [11]. The main advantage of the Cd0.96Zn0.04Te is its infrared transparency, which 
allows backside illumination of the MCT infrared detector arrays [12]. Recently Cd1-xZnxTe                   
(x = 0.04) is used as surface passivation layer for MCT infrared detectors [13, 14].   

Thin films of Cd1-xZnxTe were prepared by variety of techniques, such as, two source 
vacuum evaporation (TSVE), molecular beam epitaxy (MBE), chemical vapour deposition (CVD) 
and closed space vapour transport (CSVT) [15-17].  In the present study Cd0.96Zn0.04Te thin films are 
deposited by vacuum evaporation onto well-cleaned glass substrates (Corning 7059) maintained at 
room temperature and the films are characterized by several techniques like X-ray diffraction 
(XRD), Rutherford backscattering spectrometry (RBS), energy dispersive analysis of X-ray 
(EDAX), atomic force microscopy (AFM), optical transmittance and Raman scattering. Also the 
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films are annealed at 423 and 523 K and the effect of thermal annealing on the structural and optical 
properties of the Cd0.96Zn0.04Te films are discussed. 
 
 

2. Experimental  
 
2.1. Cd0.96Zn0.04Te alloy preparation 
 
The Cd0.96Zn0.04Te alloy was prepared from its own constitutional elements. Appropriate 

weights of Cd, Zn and Te (of purity 99.999%) were mixed together, charged in a quartz tube and 
sealed under a vacuum of 10 –5 Torr. The sealed quartz ampoule with the charge was placed in a 
rotating furnace. The temperature of the furnace was raised gradually to 1373 K and left at this 
temperature for about 36 hours, after that the ampoule was slowly cooled to room temperature at a 
rate of 30° C/h [18]. The Cd0.96Zn0.04Te ingot was taken out from the ampoule and made into fine 
powder. 

 
2.2. Thin film deposition and characterization 
 
Polycrystalline Cd0.96Zn0.04Te thin films were deposited onto well-cleaned glass substrates 

(Corning 7059) kept at room temperature by vacuum evaporation technique. Tantalum boat with the 
charge was used as the source and the pressure inside the chamber was maintained better than             
10-5 Torr. The thicknesses of the films were measured by multiple beam interference (MBI) 
technique [19]. Also the thicknesses of the fi lms were verified with α-Step (TENCOR α-Step 
Instrument) measurement. The composition and the thicknesses of the films were evaluated by using 
Rutherford backscattering spectrometry (RBS). Energy dispersive X-ray analysis was used to 
confirm the fi lm composition. The studies were carried out for a fi lm of typical thickness 302 nm. 
Cd0.96Zn0.04Te films were annealed in vacuum for 1 hour at 423 and 523 K. Structural analysis was 
made using a Philips X-ray diffractometer with CuKα radiation (λ = 1.542 Å) at 40 kV and 20 mA in the 
scanning angle (2θ) from 20° to 60°. The surface microstructure of the fi lms was investigated by ex-
situ atomic force microscopy (AFM) (Park Scientific Instruments, Autoprobe CP Model). The AFM 
images were acquired in the tapping mode and in the repulsive force regime with a force constant of   
1 nN between the AFM cantilever tip and the sample surface. The optical transmittance was 
recorded using an UV-VIS-NIR (SHIMADZU 3101 PC) spectrophotometer in the wavelength range 
400-2000 nm. Raman spectroscopic technique is the most useful method available to study the 
lattice vibrations and their interactions with other excitations [20]. The Raman spectra of the 
Cd0.96Zn0.04Te films were recorded at room temperature using the 488 nm Argon ion laser beam of 
power 200 mW over a 50 µm spot size. The scattered light was collected in the backscattering 
geometry using a double grating monochromator SPEX model 14018. A thermoelectrically cooled 
photomultiplier tube model ITT-FW 130 was used to detect the scattered light after passing through 
a monochromator  [21]. The spectral resolution of the monochromator was about 4.2 cm-1. The 
spectra were recorded using a microprocessor based automated data collection system with a step of            
0.5 cm-1 and a collection time of 10 s. 

 
 
3. Results and discussion 
 
3.1. Thickness and composition 
 
The vacuum evaporated Cd0.96Zn0.04Te films were found to be uniform and have very good 

adhesion to the substrate surface. The thickness of the films measured by MBI technique was                        
300 ± 1 nm, which agrees well with the thickness measured from RBS technique (302 ± 1 nm). The 
thicknesses of the films measured by α-Step were 303 ±1 nm. Rutherford backscattering spectrum of 
vacuum evaporated Cd0.96Zn0.04Te fi lms of thickness 302 nm is shown in Fig. 1. The film is found to 
have a very good stoichiometry as analyzed by the RBS simulation (GISA3) [Cd:46.04%, Zn:3.96%, 
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Te:50%]. The composition determined by EDAX do not vary much from RBS result and a typical 
EDAX spectrum of Cd0.96Zn0.04Te films is shown in  Fig. 2. The ratio of II:VI elements was found to 
be 1:1. There was no significant change in the thickness and elemental composition of the films due to 
thermal annealing. 
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Fig. 1. Typical Rutherford backscattering spectrum of vacuum evaporated Cd0.96Zn0.04Te films. 
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Fig. 2. EDAX spectrum of vacuum evaporated Cd0.96Zn0.04Te fi lms. 
 
 

3.2. X-ray diffraction analysis 
 

The X-ray di ffraction patterns of the as-deposited and annealed Cd0.96Zn0.04Te films are 
shown in Fig. 3. Cd0.96Zn0.04Te fi lms were found to exhibit three diffraction peaks associated with 
<111>, <220> and <311> reflections, of which the intensity of the <111> orientation is very 
predominant. The films exhibited zinc blende structure. The X-ray diffraction pattern of the films 
annealed at 423 and 523 K shows an increase in intensity of <111> peak and a decrease in peak 
width (FWHM), which indicates an improvement in the crystall inity of the films on thermal 
annealing. Also on thermal annealing the intensity of the <220> and <311> peaks decreases.  
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Fig. 3. X-ray diffraction patterns of vacuum evaporated Cd0.96Zn0.04Te thin films. 

 
 
The lattice constant a of the vacuum evaporated Cd0.96Zn0.04Te films was determined by 

using the relation, 

                                                     
θ

λ
sin2

222 lkh
a x ++

=                                                             (1) 

 
where, λx is the X-ray wavelength and θ is the Bragg angle. The average grain sizes (D) of the as-
deposited and the annealed films were determined from the <111> peak using the Scherrer formula, 
 

θβ
λ

cos

94.0=D                                                                      (2) 

 
where, λ is the X-ray wavelength, β is the full width at half maxima and θ is the Bragg angle. The 
dislocation density of the films was determined using the relation, 
 

2

1

D
=δ                                                                        (3) 

 
The Cd0.96Zn0.04Te films exhibited zinc blende structure with lattice constant a = 6.459 Å. 

This value nearly matches with the lattice constant of Hg1-yCdyTe (y = 0.22)  [11]. The grain size of 
the as-deposited fi lm is about 0.152 µm whereas for the films annealed at 423 and 523 K the grain 
sizes are found to be 0.157 and 0.164 µm respectively. The dislocation density of the as-deposited 
films is 4.33 × 109 cm-2 and for the films annealed at 423 and 523 K the dislocation densities were 
4.06 × 109 cm-2 and 3.72 × 109 cm-2 respectively. The values are comparable with earlier reports         
[16, 22, 23]. 
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3.3. Atomic force microscopy 
 
Ex-situ atomic force microscope (AFM) has been used independently to access surface 

quality of the vacuum evaporated Cd0.96Zn0.04Te thin fi lms. Fig. 4 shows the large scale                       
(1 µm × 1 µm) two-dimensional and three-dimensional AFM images of the as-deposited and 
annealed films. The evaluated root mean square (rms) roughness of the as-deposited film was 3.7 nm 
and for the films annealed at 423 and 523 K was found to be 3.4 and 3.1 nm respectively                   
(error ± 0.1 nm), which indicates that the surface quality of the films increases on thermal annealing, 
which may be due to the removal of surface defects on thermal treatment.  

 

(a)  

(b)  
 

(c)  
Fig. 4. Two dimensional and three-dimensional AFM images of vacuum evaporated 
Cd0.96Zn0.04Te thin films. (a) As-deposited  (b) 423 K annealed  (c) 523 K annealed. 
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3.4. Optical transmittance measurement 
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Fig. 5. λ vs T plot for vacuum evaporated Cd0.96Zn0.04Te films. 

 
 
Fig. 5 shows the optical transmittance spectra of the as-deposited and annealed 

Cd0.96Zn0.04Te fi lms in the wavelength range 400 – 2000 nm. The transmittance of the fi lms is high at 
higher wavelength region. The transmittance spectra of the as-deposited and annealed films show 
interference patterns with a sharp fall of transmittance at the band edge, which indicates the 
crystallinity of the films. The variation of transmittance with wavelength is given by the relation  
[24] 

)/4cos()exp(2)exp(

)exp(16
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2
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where, α is the absorption coefficient and n, na and ng are the refractive indices of the film, air and 
substrate respectively. The maxima and minima in the transmittance versus wavelength (T-λ) plot 
occur when, 

π
λ
π

M
nt =4

                                                                    (5) 

where, M represents the order number and t the thickness of the fi lm. The refractive index n of the 
films has been computed using the relation  [25, 26] given below, 
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where, T′′= (Tmax-Tmin)/(TmaxTmin).  Tmax and Tmin represent the envelopes of the maximum and 
minimum positions of the T-λ curve. 

The extinction coefficient k and the absorption coefficient α of the films were calculated 
from the relations, 

 

t

T
k

π
λ

4

)/1ln(=                                                                       (7) 

and 
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t

Tk )/1ln(4 ==
λ
πα                                                                (8) 

where, t is the film thickness. The calculated values of n and k for the as-deposited films were 
plotted as a function of photon energy and are shown in Fig. 6. The value of refractive index n is 
found to decrease with increase of photon energy.  
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Fig. 6. Variation of n and k with photon energy for as-deposited Cd0.96Zn0.04Te films. 

 
 

The absorption coefficient (α) is related to the band gap energy (Eg) by using the relation  
[27], 

                                                         ννα hEh g /)( 2/1−=                                                          (9) 

 
  Fig. 7 shows the plot of (αhν)2 versus hν of the as-deposited and 423 and 523 K annealed 
films. The optical band gap values were obtained by extrapolating the linear portion of the plot of  
(αhν)2 versus hν to α= 0. The band gap value of the as-deposited fi lm is found to be 1.523 eV. The 
value is in good agreement with the earlier report [16]. The band gap values are found to be 
decreasing with increase in annealing temperature. The band gap for 423 and 523 K annealed films 
are 1.503 and 1.481 eV respectively. The decrease of band gap may be due to increase in the grain 
size of Cd0.96Zn0.04Te during thermal annealing  [28]. The structural parameters and the optical band 
gap of the as-deposited and 423 and 523 K annealed films are given in Table  1. 
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Fig. 7. Plot of (αhν)2 vs hν for the Cd0.96Zn0.04Te thin fi lms. 
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Tabl. 1. Structural parameters and optical band gap values of vacuum evaporated 
                                                                Cd0.96Zn0.04Te films (tf: 302 nm). 
 

Film rms roughness 
 

(nm) 

Grain size(D) 
 

(µm) 

Dislocation 
density (δ) 
× 109 cm-2 

Band gap (Eg) 
 

(eV) 
As-deposited 

 
423 K annealed 

 
523 K annealed 

3.7 
 

3.4 
 

3.1 

0.152 
 

0.157 
 

0.164 
 

4.33 
 

4.06 
 

3.72 

1.523 
 

1.503 
 

1.481 

 
 

3.5. Raman scattering spectrometry 
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Fig. 8.  Raman spectra of Vacuum evaporated Cd0.96Zn0.04Te thin films. 

 
 
Fig. 8 shows the typical Raman spectra of the as-deposited and annealed Cd0.96Zn0.04Te thin 

films. The Raman spectra of the films show longitudinal- and transverse-optical (LO, TO) modes, 
which arise from CdTe- and ZnTe-like vibrations. The Raman peaks are identified at 139.88 cm-1 

and 163.40 cm-1 for the transverse optic (TO) and the longitudinal optic (LO) phonons respectively 
in  Cd1-xZnxTe  [29]. The peak at 123 cm-1 is the phonon with A1 symmetry of the Te precipitates in 
CdTe [30]. The origin of the peak at 157 cm-1 is not fully understood but could be the phonon with 
symmetry E seen in the Te single crystals at 147 cm-1 [30]. In the case of annealed films, the change 
in the Raman peak position is not much signi ficant, but the intensity of the peaks increases with the 
increase in annealing temperature and the FWHM is found to be decreased. The increase in the peak 
intensity and the decrease of FWHM was due to the improvement in the crystallinity of 
Cd0.96Zn0.04Te fi lms on thermal annealing. 
 
 

4. Conclusions 
 

Cd0.96Zn0.04Te thin fi lms were deposited by vacuum evaporation technique onto well-cleaned 
glass substrates. The films exhibited good stoichiometry as analyzed by RBS and EDAX. The films 
exhibited zinc blende structure with predominant <111> orientation. The lattice constant of the 
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Cd0.96Zn0.04Te thin films is 6.459 Å, which nearly matches the lattice constant of Hg1-yCdyTe               
(y = 0.22). The rms roughness of the as-deposited Cd0.96Zn0.04Te thin fi lms was 3.7 nm and on 
annealing the fi lms at 523 K the rms roughness value decreases to 3.1 nm, which may be due to the 
removal of surface defects on thermal treatment. The band gap of the as-deposited film was               
1.523 eV and for the thermally annealed films the band gap value is found to be decreased. This 
decrease of band gap energy can be attributed to the increase of grain size during thermal annealing. 
The Raman spectra of the as-deposited fi lms confirm the crystall inity of the fi lms. The increase in 
the peak intensity and the decrease in FWHM of the Raman peak for the annealed films indicate the 
improvement in the crystall inity of the films during thermal annealing.   
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