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Abstract 

In the present paper we report the growth of Bismuth Telluride ingots by 

Bridgman technique. The ingots were found to be stoichiometric, crystalline 

and show single phase formation. EDS analysis of the wafers from various 

locations in the ingot revealed that the stoichiometry of Bi and Te in the 

compound was maintained after the growth throughout the ingot. XRD 

measurement was carried out on the fine powder of Bi2Te3 ingot using Cu Kα 

radiation. The pattern consist of very sharp kα1 and kα2 doublets, which 

reveals the good crystallinity of the compound. The ingots of Bi2Te3  can be 

used for thermoelectric studies and also as a starting material for growing 

good quality thin films for various applications. 
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INTRODUCTION 

Bismuth Telluride and its 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, 
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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 

Seebeck coefficient(S) electrical resistivity(ρ),thermal conductivity  (k) and T  

temperature [2][4] 

ZT=S2T / ρ K 

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

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

Bismuth Telluride has been synthesized by Bridgman Technique.  

 

CRYSTAL STRUCTURE OF BISMUTH TELLURIDE 

Bismuth Telluride is a potential material for thermoelectric devices. [4] It is the due to 

the crystal structure of Bi2Te3 which is highly anisotropic in nature [5]. This results in 

materials electrical resistivity being approximately four times greater parallel to axis 

of crystal growth (C-axis) than in the perpendicular orientation [6]. In addition 

thermal conductivity is about two times parallel to the C- axis than in the 

perpendicular direction. Since anisotropic behavior of resistivity is greater than that of 

thermal conductivity, the maximum performance or Figure of Merit occurs in parallel 

orientation. Because of this anisotropy, thermoelectric elements must be assembled 

into a cooling module so that the crystal growth axis is parallel to the length or height 

of each element and, therefore, perpendicular to the ceramic substrates.[5][6] 

There is one another interesting characteristic of Bismuth Telluride that also is related 

to material’s crystal structure. Bi2Te3 crystals are made up of hexagonal layers of 

similar atoms while layers of Bismuth and Tellurium are held together by strong 

covalent bond, weak Van der Waals bonds link the adjoining [Te1] layers [2]. As a 

result crystalline  Bi2Te3 cleaves readily along these [Te1][ Te1] layers with the 

behavior being similar to mica sheets. Fortunately, the cleavage planes run parallel to 

the C- axis and the material is quite strong when assembled into a thermoelectric 

cooling module.[3] 

Materials like Bismuth Telluride are some of the best performing  room temperature  

thermoelectrics with temperature independent  figure of Merit ,ZT , between 0.8 and 

1.0  [7] 
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SAMPLE PREPARATION 

Bismuth telluride ingots were grown using Bridgman technique. High purity Bismuth 

and Tellurium were taken in stoichiometric proportion in a quartz ampoule of 12-

15mm, ID 1.5mm wall thickness and 150mm in length having conical shape at one 

end. The ampoule 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 930 K where it 

was kept for 3 hours in the constant temperature zone for melting. A chomel Alumel 

thermocouple close to lower part of ampoule was used to measure temperature of the 

furnace. Once the material was molten, the crystallization was achieved by lowering 

the ampoule at a 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 the grown ingot. The ingot was sliced into 

wafers using Diamond cutting OD machine. The ingot of the material was, thus 

formed looking grayish in color and on grinding it to powder form, it turned into 

grayish black powder. The powder was then passed through 200 mesh sieve and finer 

fraction was used in the X-ray diffraction studies. 

 

MEASUREMENT RESULT AND DISCUSSION 

EDS ANALYSIS 

EDS analysis of the material has been carried out in order to ascertain its usefulness in 

devices using model ISIS- 300 Oxford. EDS analysis of the wafers from various 

locations in the ingot revealed that the stoichiometry of Bi and Te in the compound 

was maintained after the growth throughout the ingot. EDS spectra of typical wafer 

showing prominent Bi and Te peaks has been presented in fig. (1) 

 

Figure 1 
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INTERPRETATION OF XRD 

XRD measurements of Bismuth telluride in the powder form were carried out by X-

ray powder diffractometer ‘’XPERT SYSTEM” (3020) using Cu Kα radiation 

operated at 35kV, 30 mA. The diffraction pattern ofBi2Te3 composition at room 

temperature is shown in figure (2). 

 

Figure 2 

The diffraction pattern of Bi2Te3 material consists of very sharp and well resolved 

kα1and kα2 doublets which reveals the good crystallinity of the compound. The 

powder X-ray data are an excellent agreement with ICDD file of Bi2Te3 compound 

with rhombohedral structure having a = 10.47Å and α = 24  ֯  18’. The relative 

intensities of various reflections are depicted in figure (2)  

 

CONCLUSION 

Bismuth telluride ingots were grown by Bridgman technique. The ingots were 

stoichiometric, crystalline and show single phase formation. The Figure of Merit ZT 

which is usually between 0.8 and 1.0 could be improved using Nano structuring. 

Bismuth Telluride and its solid solutions are good thermoelectric materials at room 

temperature and hence are suitable for refrigeration applications around 300K. 
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