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This paper presents the results of the study of CdTe nanoclusters obtained by chemical deposition using a sulfate solution. 

SiO2/Si track templates were used as nanoporous templates. The а-SiO2/Si-n track template was obtained by irradiation with xenon 
ions with the energy of 200 MeV, with fluences of 107–108  ions/cm2 . The surface of the deposited samples was examined using a 
JSM 7500F scanning electron microscope. To identify the crystal structure of CdTe nanoclusters, an X-ray structural analysis was 
performed, showing that cadmium telluride nanocrystals of the hexagonal phase (wurzite) are forming together with the amorphous 
phase.   

The calculations of crystallite sizes showed that after annealing of CdTe samples at a temperature of 100°C, nanocrystallites 
change and the degree of crystallinity increases with the amorphous phase dominating.  
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Introduction 
Cadmium telluride semiconductor (CdTe), 

belonging to group II-VI, has been studied for many 
years. In the last 10 years, CdTe has been mainly 
studied in the form of a polycrystalline thin film and 
quantum dots [1].  

As is known, cadmium telluride is one of the 
materials most suitable for creating solar cells [2]. This 
is due to the fact that the wide direct forbidden zone, 
the large optical absorption coefficient and their 
relatively high carrier mobility of the A2B6 

semiconductor compounds made them promising 
materials in the use of electronic and optoelectronic 
devices, especially for photovoltaic applications [3].  

There are many methods for producing 
nanoclusters from a compound of A2B6 

semiconductors. Among them, template methods [4-7] 
are most widely used for the preparation of nanowires 
or nanotubes with high, precisely controlled aspect 
ratios. Chemical deposition [8], sol-gel deposition [9] or 
the most widely used, electrochemical deposition can 
fill the pores of the template with various substances.         

At present, considerable efforts are directed to the 
synthesis and study of nanoclusters in SiO2/Si track 
templates. 

Synthesis of metal and semiconductor clusters is 
carried out by deposition into nanoporous templates - 
SiO2/Si patterns, since silicon is the main material for 
modern electronics. SiO2/Si is a well-studied structure, 
fully compatible with silicon technology. SiO2/Si is a 
well-studied structure, fully compatible with silicon 
technology. To create nanopores, irradiation with fast 
heavy ions (FHI) is used when latent tracks are 
created, and subsequent processing in the etchant 
leads to the formation of a system of nanochannels 
[10-14]. Amorphous silicon dioxide irradiated by FHI 
may become an alternative to polymeric film materials 
from which track membranes are currently made.  

This article presents the results of obtaining CdTe 
nanocrystallites by chemical deposition, and the study 
of the main crystalline characteristics of the samples.  
 
 

Experimental part  
It was found that krypton and xenon are the best 

ions for track formation in SiO2/Si structures. In our 
exposures, we used xenon ions with an energy of 200 
MeV, with rather low fluences of 107–108  ions/cm2. 
With such fluence, the tracks do not overlap, which 
makes it possible to obtain a fairly uniform distribution 
of the tracks over the surface and to obtain the 
required nanopore diameter during etching, and a 
sufficiently low background of radiation defects is also 
observed.   

The structure of а-SiO2/Si-n or p-type was made by 
thermal oxidation of a silicon substrate (Si – n type or 
p-type) in a humid oxygen atmosphere at 900°C. The 
thickness of the oxide layer according to ellipsometry 
was 700 nm. Samples were made with dimensions of 
5x5 mm and 20x20 mm. 

Chemical etching of n and p-type SiO2/Si samples 
was carried out in 4% aqueous HF solution at room 
temperature for 20 minutes. The etchant included 
m(Pd)=0.025 g. Before etching the tracks, ultrasonic 
cleaning of the sample surface in isopropanol was 
carried out for 15 minutes in an ultrasonic cleaner 
6.SB25-12DTS. After treatment in HF, the samples 
were washed in deionized water (18.2 MΩ). Next, 
images of a truncated cone with a vertex cut were 
obtained using a JSM-7500F scanning electron 
microscope. 

X-ray diffraction analysis was performed on a D8 
ADVANCE ECO X-ray diffractometer using an X-ray 
tube with a Cu anode in the angular range of 2θ 30°-
110° with a step of 0.01°. To identify the phases and to 
study the crystal structure, the software 
BrukerAXSDIFFRAC.EVAv.4.2 and the international 
database (ICDD PDF-2) were used.  

 

Results and discussions  
Chemical deposition of CdTe in n- and p-type 

templates using a sulfate solution 1М CdSO4 + 1mM 
TeO2 was performed within 1 hour at T = 298 K and T 
= 343 K.  

Figure 1, 2, 3 shows the SEM images of the 
deposited nanopores. The nanopore diameter of n-
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type SiO2/Si samples at a nominal temperature is 
600±6 nm (Figure 1) and p-type - 389±6 nm (Figure 2), 
as well as the diameter of n-type SiO2/Si samples at T 
= 343 K has values of about 692±10 nm (Figure 3).   

 

 
 

Fig. 1. SEM images of the surface of the n-type template after 

CdTe CD at T = 298 K 

 

 
 

Fig. 2. SEM images of the surface of the p-type template after 

CdTe CD at T=298 K 

 

To identify the crystal structure of CdTe 
nanoclusters, X-ray structural analysis of samples with 
Si -n -type substrate was performed, which showed 
that cadmium telluride nanocrystals of the cubic phase 
of the F-43m(216) space group and the hexagonal 
phase were formed.    

X-ray diffraction for samples during chemical 
deposition is characterized by the presence of a 
pronounced peak at 2θ = 40.345. It corresponds to the 
crystallographic direction (220) that, as in [15, 16], 
CdTe nanocrystals have a cubic structure with a 
spatial lattice size of a = 6.31817 Å (Figure 4). It 
should be noted that the deposition was at room 
temperature. A change in the conductivity of the 
substrate (Si-p-type) causes only cadmium oxide to 
precipitate at room temperature. An increase in the 
deposition temperature leads to the formation of 
cadmium oxide and only it in the n-type template 
(Figure 5, 6). 

 

Fig. 3. SEM images of the surface of the n-type template after 
CdTe CP at T=343 K 

 
Fig. 4. X-ray diffraction patterns of CdTe and CdO samples 

obtained from a sulfate solution at T = 298 K 

 
Fig. 5. X-ray diffraction patterns of CdO samples obtained 

from a sulfate solution at T = 298 K 

 

Thus, we see the influence of both the type of 

substrate and the deposition temperature on the 

appearance of the obtained nanocrystals. An increase 

in the temperature of the sulfate solution in the air is 

accompanied by a loss of mass, which is associated 

with the evaporation of volatile Te [17]. Thus, 

according to the X-ray diffraction analysis at 373 K, the 

formation of CdTe nanocrystallites is not observed. 

Analysis of X-ray diffractograms allowed us to 

create a table that presents the main crystallographic  

characteristics of the samples obtained from the 

sulfate solution (Table 1). 
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Fig. 6. X-ray diffraction patterns of CdO samples obtained 

from a sulfate solution at T = 343 K 

 

Conclusions 
This article presents the results of chemical 

deposition of CdTe in SiO2 / Si n- and p-type templates 
using sulphate solution.  

As can be seen from the presented data, the use of 
sulfate solution allows to obtain nanocrystals of both 
cadmium tellurium and cadmium oxide.  

In addition, it should be noted that there is an 
amorphous phase everywhere, in percentage terms its 
content is less crystalline. 

 
 

Table 1. Crystallographic characteristics of CdTe sulphate according to XRD results  

 
Phase Space group (hkl) 2θº d, Å L, nm Cell 

parameter, 
Å 

Degree of 
crystallinity,% 

FWH
M  

Content of 
the 

phase,% 

n-type - 298 K 

CdTe F-43m(216) 220 40.345 2.23375 13.71 a=6.31817 54 0.686 68.4 

311 46.964 1.93321 9.10 1.057 

CdO P63mc(186) 002 32.184 2.77904 24.31 a=3.54588, 
c=5.72256 

0.378 31.6 

101 33.312 2.68746 89.03 0.103 

103 56.628 1.62406 96.51 0.104 

p-type - 298 K 

CdO P63mc(186) 311 47.528 1.91157 154.90 a=3.57642, 
c=5.71561 

56 0.0.06
2 

100 

n-type -343 K 

CdO P63mc(186) 103 56.591 1.62505 125.29 a=3.56465, 
c=5.72368 

61 0.080 100 
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