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Abstract 

In the present paper Bi0.5Sb1.5Te3  ingots of 10mm and 25mm diameter have 

been grown by Bridgman technique. The ingots were found to be 

stoichiometric and formation  of single phase compound is observed. SEM 

TEM and  XRD  techniques were used for the characterization of the 

material.EDS analysis revealed that  the stoichiometry of Bi ,Sb and Te is 

maintained in the  compound after the growth .SEM micrograph shows the 

faceted growth of the compound during synthesis. A very strong peak has 

been confirmed  in the XRD pattern of the thin film. The compound provides 

an opportunity for developing novel thermoelectric applications. 
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INTRODUCTION 

Bismuth Telluride based alloys are best known technologically important 

thermoelectric materials. They are used in thermoelectric generator, solid state 

refrigeration heat pumps and infrared detectors [1,2]. The efficiency of passive 

cooling in solid state refrigerators has already been through proper selection of 

materials[3] Extrinsic alloy semiconductors  are known to exhibit  more thermal 

power  than other kind of materials.   They include Zinc Antimonide, Indium 

antimonide, Lead telluride, bismuth telluride and Ge-Si alloys. Among them, Bi2Te3 

alloy is reported to be most suitable for thermoelectric application. Proper material 

selection is governed  by  the thermoelectric parameters such as Figure of  merit 

(Z),coefficient of performance (β), maximum cooling (Th-Tc), efficiency  (ψ)  and 

input power to operate the device which ultimately depends on  the physical data such 

as thermoelectric power or  Sebeck coefficient (S) electrical resistivity(ρ),thermal 

conductivity (k) and T  temperature [2][4] 
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ZT=S2T/ρ K 

Good thermo-electrical properties are often found in materials which are electrical 

conductors and thermal insulators with high Sebeck coefficient [1]. In this study 

Bi0.5Sb1.5Te3 has been synthesized by Bridgman Technique. 

 

SAMPLE PREPARATION 

Bulk compound was prepared using high purity Bismuth (5N) Antimony(5N) and 

tellurium(5N) by Bridgman method. The materials were taken in stoichiometric  

proportion in a  quartz ampoule 12-15mm ID,1.5mm wall thickness and 150 mm in 

length having conical shape at one end. Thermocouple was evacuated to a pressure of 

10-6 Torr and sealed. The sealed quartz ampoule was loaded in a vertical muffle 

furnace and heated to 930K, where it was kept for 3 hours in constant temperature 

zone for melting. A chormel –Alumel thermo-couple close to the lower part of the 

ampoule was used to measure the temperature of the furnace. Once the material was 

molten, the crystallization was achieved by lowering the ampoule at the rate of 

6mm/hr in order to achieve directional solidification. Once the ampoule was out of 

the hot zone the furnace was slowly cooled down and switched off. The capsule was 

cut to take out the grown ingot. 

 

MEASUREMENT, RESULT AND DISCUSSION 

XPERT diffractometer (3020) was used for recording powder X ray diffraction   

patterns. Fine powder was filled in the standard sample holder and pressed against the 

microscopic slide by applying a thumb   pressure so as to obtain a smooth and flat 

surface of specimen. Diffraction patterns were obtained with CuKα lines. Thin film of 

bulk compound were formed in vacuum (10-5 Torr) on glass substrate. X-ray 

diffraction pattern of the thin film deposited onto glass substrate at room temperature. 

 

Figure 1. XRD pattern of thin film of Bi0.5Sb1.5Te3 at room temperature 
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The diffraction pattern of thin film deposited onto glass substrate at room temperature 

is as depicted in fig (1) with grazing angle 0.5 and 2θ between 10 to 80 degree. XRD 

pattern of thin film showed a very strong peak corresponding to the strongest BiSbTe 

as observed in powder XRD pattern of bulk compound. EDS of  Bi0.5Sb1.5Te3  

 

EDS ANALYSIS 

EDS analysis revealed that the stoichiometry of Bi, Sb and Te is maintained 

throughout the film. 

 

SEM ANALYSIS 

The surface morphology of the compound was examined by using Scanning Electron 

Microscope (Model Leo 440) having attachment of energy dispersive spectrometer 

(Model  ISIS 300 oxford). The ingot of Bi0.5Sb1.5Te3    was found to be void free and 

have good shining. Fig (2) shows the faceted growth of the compound during 

synthesis. The fractured surface depicts an ordered set of cleavage planes in the 

microstructure.  

 

Figure 2. SEM Micrograph of cleaved Bismuth Antimony telluride bulk compund 

 

The microstructure of the films has been investigated by TEM (Joel Model JEM 

200CX) operated at 200K. Bi0.5Sb1.5Te3 thin film deposited onto NaCl substrate 

maintained at room temperature.(300K) was carefully examined  under TEM at 

various regions and electron micrograph recorded at suitable magnification A bright 

field micrograph  of a typical region of the film is depicted. Electron diffraction ring 

is shown as an inset .From the micrograph and the electron diffraction pattern it is 

observed that the film has polycrystalline growth(fig. 4) 

On scanning the entire film under TEM it is observed that film has polycrystalline 

growth and homogenous microstructure. The electron diffraction of the film has been 

analysed to see the number of phases present in the film. It has been observed that the 
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main phase present in the film is rhombohedral. The small grain size and strains 

present were suspected to be the cause of weak intensities of diffraction rings. The 

size of crystallites was found to vary from 10nm to 20nm.Polycrystalline growth was 

further reflected in the electron diffraction pattern recorded from different regions of 

the film.  

 

 

Figure 3 TEM Micrograph of Bismuth Antimony telluride thin film grown at room 

temperature 

 

 

Figure 4 Electron Diffraction Ring pattern of Bismuth Antimony Telluride 

 

CONCLUSION 

In this paper the detailed procedure and characterization of Bi0.5Sb1.5Te3 are presented. 

Crack free ingots of 10mm diameter and 25 mm length have been grown by Bridgman 

method. The ingots were found to be stoichiometric and formation of single phase 

compound is a noteworthy be feature.  Thin films of Bi0.5Sb1.5Te3  prepared by thermal 
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evaporation technique are uniform homogenous and without any crack or pinhole. 

From the electron diffraction pattern it is revealed that pin has polycrystalline growth 

It has also been observed that the main film present in the film is rhombohedral. The 

X-ray diffraction pattern powder from as grown lump shows very sharp and well 

resolved peaks. The powder data are in excellent agreement with ICDD file of 

Bi0.5Sb1.5Te3 which indicated the formation of single phase. Bi0.5Sb1.5Te3 films after 

examination for various parameters may be used for fabricating thermoelectric 

devices. 
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