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Introduction:

Semiconductors always offer wide scope of research due to #s their various applications. It is
possible to manipulate their properties and hence functionality in devices. There is good amount of
work done to develop materials for Infrared (IR) detectors using narrow gap semiconductors. Over
the last few decades, MCT (mercury cadmium telluride) system has been important for IR detector
devices. However, this system bears a drawback of thermal and lattice instabilities due to the weak
Hg-Te bond. In this respect low band gap IlI-1V compound materials can prove to be more
advantageous for IR technology.

In recent years, growth of I11-1V group pseudo binary crystals has increasingly beeame become a
subject of significant research in view of demands of IR technology [1-4]. As a detector material
InBi/InSbh system is nonhazardous and suitable for narrow band gap applications as in IR optical
devices. It has been observed that the materials studied so far in InBi:Te system are all Te rich quasi
binary or ternary alloys. There are very few reports available on Indium rich alloys that too not
related to the present investigation [4]. It is matter of great interest to investigate various narrow gap
materials, such as, bismuth telluride based alloys including n-type Bix(Te,Se)s and p-type (Bi,
Sb),Tes. These materials are not only good thermoelectric devices that are available for near room
temperature applications, but also useful for improving their figure of merit (ZT) values through
structural and compositional modifications [5-6].

Among the pseudo binaries of interest in the present case, InBii.xTex has been the least studied in
this respect. This report is the first of its kind on InBi with Te as dopant. We have grown single
crystals of InBirxTex (x=0, 0.05, 0.10 & 0.15). The XRD, EDAX, FESEM (Field Effect Scanning
Electron Microscopy), thermoelectric power and Hall measurement, Fourier transform infrared
(FTIR) spectroscopy techniques have been employed to characterize various parameters of these
grown crystals.

Motivation:

Recently there has been extensive interest in infrared detectors operating in the 8-12um wavelength

region where minimum atmospheric absorption is present. The atmosphere has clear transmission



windows in the MWIR and LWIR bands, making it very attractive for terrestrial applications.
Covering the near infrared (IR) region becomes important for military as well as for industrial
control, medical diagnostics and other civilian needs [1-5]. Usually the more developed I11-V
materials are preferred to group II-VI low band gap semiconductors and play major role in
development of detector technology. This is because group I11-V semiconductors exhibit very useful
and tunable physical properties. Study of Bi based semiconductors has been very much carried out
by researchers. InBi, among the 111-V semiconductors, has sufficiently narrow band gap suitable for
the above mentioned application. It crystallizes into the zinc-blende structure and has melting point
~ 110 °C. It has no band gap or very nearly zero band gap. By doping Te in InBi, the band gap can
be increased significantly [6-8]. This would make single crystals of InBiixTex (x =0, 0.05, 0.10 &
0.15) useful in various detectors. Hence the band gap of single crystals of InBiixTex (x=0, 0.05,
0.10 & 0.15) was taken up in this study.

Objectives and Scope of the Work:

Since it is important to grow the said doped crystals with fairly large size, purity and perfection, it
was intended to grow crystals of InSb1.xBix using a suitable technique. The characterizations of the
crystals and of the films obtained there from were taken up in order to investigate effect of doping
on various characteristics.

The work reported in the present thesis thus includes crystal growth, X-ray diffraction (XRD),
energy dispersive analysis by X-rays (EDAX), FESEM, thermoelectric power, optical band gap,
Hall Effect and the Vickers indentation for the evaluation of microhardness hardness of the crystals.

The materials included in the study are InBii.xTe with varied x. The thesis is presented in two parts.
Brief Information of Proposed Chapters of Thesis:

Part-1 of the thesis consists of two chapters. Chapter 1 gives a general introduction to the basic
background of the present work and importance of the optoelectric materials, thermoelectric
materials and their applications. It also includes reports on optical, electronic and mechanical
properties of these materials. Thus based on literature survey, this chapter describes the present

status of research work going on in the field of crystal growth and characterization of materials.



This chapter also explains the objectives of present research problem.

Chapter 2 deals with the experimental techniques used in the present work. The techniques include
the crystal growth, XRD, EDAX, FESEM, FTIR, thermoelectric power measurement, optical
microscopy, hardness indentation, optical band gap and Hall Effect measurements.

Part 2 of the thesis consists of three chapters. Chapter 3 deals with the results for growth of InBis-
xTex crystals. Various methods of crystal growth in general and of crystal growth from melt in
particular have been discussed. Fairly large good quality crystals of InBiixTex (x =0, 0.05, 0.10 &
0.15) were obtained with the zone melting method at growth rate of 3 mm/hr and temperature
gradient around 45°C/cm. In this growth technique, the growth velocity was varied also and it was
found that increase in growth velocity decreases the crystal perfection. Hence the growth velocity
was optimized to yield good quality crystals useful for characterizations. EDAX analysis shows that
the crystals obtained were stoichiometric and homogenous. The X-ray diffractrometry indicates
substitution of Te by Bi in the InBi structure. Using FESEM Color mapping of crystals has been
studied.

Chapter 4 discusses the results of optical band gap of crystals of InBiixTex (x =0.05, 0.10 & 0.15).
This chapter includes study of optical properties of InBir.xTex (x =0.05, 0.10 & 0.15) crystals using
absorption spectra obtained using FTIR spectrometer. The value of optical band gap is calculated
from the plots of (ahv) ¥2 vs. hv for all crystals. Thermo electric power has been measured and
described in this chapter. The thermoelectric power and the band gap of crystals were evaluated.
The band gap obtained of InBi1xTex (x = 0.05, 0.10 & 0.15) crystals was about 0.2 eV (direct band
gap). There are no observable indirect transitions in the crystals

Chapter 5 deals with hardness studies on InBiixTex (x = 0, 0.05, 0.10 & 0.15) crystals. The
variation of hardness with applied load has been studied in detail. Particularly, the observed complex
low load dependence of hardness has been explored. The results indicate that the hardness peaks
obtained in the low load range may be explained in terms deformation induced coherent regions.
The hardness values of InBiixTex (x =0, 0.05, 0.10 & 0.15) single crystals have been obtained on

average about 115 MPa. Micro hardness is a load dependent quantity and the variation is quite



prominent in the low load range, while only for sufficient high applied loads it becomes virtually
independent of load. The peaks observed in Hy versus load (P) plots may be explained in terms of
deformation induced coherent regions. The indentor penetration through surface region work
hardens the crystal and due to work hardening, as the penetration progresses with increasing load,
the crystal hardness increases. Only in the interior of the crystal the work hardening saturation
prevents hardness from increasing and saturates the hardness to true bulk value. The Mayer index
is not truly constant but may be different in various load ranges. There is applied load dependence
of hardness observed but the bulk micro hardness is found to be quite independent of the applied
load. In the cold-worked crystals, the load independent hardness value significantly increases in the
case of the as-cleaved samples. In the annealed sample, the load independent hardness value is less
than that of the as-cleaved sample. The annealing treatment very significantly improves perfection
of all the crystals.
Future Scope of work:
Materials such as InBi and its alloys are unique and can be used for cooling and energy
generation applications. Because of their high Seebeck coefficient, low electrical resistivity
and relatively low thermal conductivity, tellurium alloys (p-type Bi>Tes and n-type SbhoTes) are
widely used in the thermoelectric devices. As semiconductor technology advances, radiation is
becoming increasingly important in improving crystal properties. In ion beam treatment,
microstructural changes in crystals may take place and take place irreversibly, which in turn
may change their chemical, optical, mechanical and electrical properties. It can be used to
change, in a controlled way, the physical properties of thin films or to modify the near-surface
characteristics of a bulk crystal. The ion beam irradiation effects on microstructure and
resulting property modification may be explored for suitability in applications. So ion beam
treatment can be used on these crystals to modify their properties.
Further, photoconductivity and electrical properties of thin film, mechanical creep
and effect of high temperature quenching on micro hardness of the crystals can also be

studied to supplement study of other properties and their modifications.
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