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ABSTRACT

This thesis is concerned with investigating the production of thin filin Bi-Sb alloys

by ion beam mixing. Samples were composed of a thin Sb film sandwiched between two Bi

layers: the thicknesses of the films were varied to produce composition range from 0 to

-:-45% Sb. The overall thickness was about 55 om.

Analysis of the films by Rutherford Backscattering Spectrometry (RBS) and Auger

Electron Spectroscopy (AESl indicated that ion beam mi-cing can produce uniform Bi-Sb

alloys with doses ofabout 2.SX 1015 cm-2 of SO KeV Ar+ at room temperature. The results of

Elect..""On Microscopy showed a grain growth due to ion bombardment.

The mixing was characterized by the increase in the full width at half ma:cimum

(FWHM) of the Sb signal in the RBS spectra. It was measured as a function of ion dose, dose

rate, mass, and energy. The dependence of mi-cing on the temperature was also investigated.

A square-root dependence of mi:cing on the dose confIrmed a diffusion like mi"Cing process.

The rate of mi:cing per ion dose ",as found to increase with the elastic energy deposited at the

BilSb fnterface. The mi-cing is temperature independent in the range of -40 to -266 K, i.e.,

collision cascade mixing dominates. An effective diffusion coefficient, D*, of about

4.9x 10- 28 cm41ion was determined. At temperatures higher'than -266 K, the mixing

increases with the temperature. This suggests that a radiation enhanced diffusion

mechanism is the dominant mixing process. An effective diffusion coefficient of

-1.7X 10- 27 cm41ion at room temperature was calculated: an activation energy of -0.15 eV

was fou.'1.d.

Thermoelectric characteristics of the alloys were investigated by measuring the

thermal voltage, V.. as a function of the te:::lperature, T, 1.'1. the range 300-500 K, for alloys

With various composition. The thermal voltage was found to have a linear dependence on

iii



temperature. The thernloelectric power. dVJdT. reaches a maximum of about 70 IlV/deg. for

Bi.57 Sb.13. The dependence of the thernloelectri~power on Sb concentration agrees with the ~

model put forward to explain the transport properties of bulk Bi-Sb alloys. An empirical

model has been proposed to relate the state of mixing with the measured thermoelectric

power.

'.
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CHAPTER I

INTRODUCTION

Thin fim thennoelectrics have a wide range oi applications; they can be used as

sensitive suriace thennometers, radiation detectors, cooling devices, and electrical power

g<!nerators [1,2]. Since the power produced by thin film thermoelectric generators is in the

microwatt range, they became oi iI\creasing interest with the advent oi low-power­

consumption microelectronic devices. Thin film thermoelectric generators are oi special

value in aerospace and medical applications where light-weight. long-iiie power sources are

required ior the microelectronic devices [2,31.

The possibility oi producing thin film alloys that have iavourable thermoelectric

characteristics using ion beam mi.'ting technique was pioneered by Benenson et al. (*1. This

technique uses ion bombardment oi a solid target to produce changes in the spatial

distribution oithe elemental species composing the target. The basic idea oi producing a thin

film alloy by ion beam mi.xing is illustrated in Fig. (1.1l-

In the present study, the iormation oi Bi-Sb alloys using ion beam mixing

technique is investigated along with the thermoelectric characteristics oi the alloys produced.

Bi-Sb alloys were selected oecause they ha\'e a potential for eiiicient thermoelectric

generation (ior a recent review, see Ref [5]). '!'he alloys are also oi interest irom the physics

point oi view; Bi and Sb are semimetals, however. their bul!, alloys were reported 'to exhibit

semimetallic, semiconductor. or gapless behaviour depending on the alloy composition [5J.

Recently, ho~ever. it was reported [61 that doping single crystal Bi with Sb by direct ion

implantation. i.e.• by bombardi!lg Bi with energetic Sb ions and letting them corne to rest

within the Bi c.~'Stal. did not lead to changes in the semimetallic behavi0ur oi Bi towards a

1
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semiconductor behaviour as anticipated; thermoelectric properties were not investigated and

only one dose (5 x 1015 Sblcm2) was reported. Ion implantation can only produce dilute alloys;

the limit is set up by the sputtering yield, i.e., the number of ejected atoms from the solid per

incident ion. This is demonstrated in Fig. (1.2), The maximum achievable concentration of

ions A in a target B is given by [7J:

l1.1)

..

where, y. is the sputtering yield, and r is the preferential sputtering factor; r> 1 if the

probability ofsputtering B atoms is greater than that of A atoms,

Fig. (1.3) shows calculated distribution ofl50 KeV Sb + implanted into Bi for a dose

of 5x 1015 Sb+/cm2 (to simulate the conditions given in Ref. (611: the sputtering yield is

assumed to be 5.0 (81. One can conclude that ion implantation is not only' limited by the

sputtering yiel~ll also lead to a depth-dependent alloy composition; ion implantation

with multiple energies will be needed if a resulting uniform composition with depth is

required.

Ion beam mi.-ting overcomes these difficulties and make it possible, in many cases,

to produce uniform alloys with any composition. Comparison with conventional alloying, "

techniques can thenbe_mor~,particularly for Bi-Sb alloys because Bi and Sb are
\ ~

completely soluble in each other [9J.

Ion beam mi.-ting of various systems has been investigated, They can bl} classified

in general, as: metaVmet3J, metaVsemimetal, and metaVsemiconductor systems lfor a review

see Ref. (lOll. Recently, ion beam mi.xing in', metaVoxide and metal/glass systems was

reported (11-131. The present study is thus the Grst investigation of a semimetaVsemimetal

system. It is also the Grst detailed study of the thermoelectric properties of the allo~s

,
produced by ion beam mi.-ting technique (14J. The study mainly addresses the following

'questions: ,
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Can Bi-Sb alloys be obtainid conveniently by, 'ion beam mixing and what all~y

composition can be produced?

What are the thermoelectric properties of the alloys produced?

What mechanisms are responsible for mi:<ing in this system?

The thesis is divided ~o, six chapters, In Chapter II, the basic concepts of atomic

collisions in solids are presented. Models ofion beam mixing along with major experimental

fmdings are then reviewed. In Chapter 1lI. the theory of thermoelectricity is presented. The

criteria ofdetermining the usefulness ofan alloy for thermoelectric applications are discussed

and thin film thermoelectrics investigated up to date are listed, Thin film thermoelectric

generators are also discussed. In Chapter IV. the experimental techni'l.ues are discussed.

The experimental fmdings of the present investigation are presented and discussed in
•

Chapter V. Chapter VI gives a summary of the results and the main conclusions of the work.

•

, l

•

"
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CHAPTER II

ION BEAM MIXING

2.1 Introduction

Ion beam'mixing is the result of ion bombardment of a solid composed of unlike

'atoms that have a depth-dependent distribution. The bombarding-ions transfer their energy

to the atoms of the solid through elaStic and inelastic collision events. The, theory of atomic

collisions in solids is ~ell documented in the literature. The basic ideas of the theory will be

reviewed in Section (2.2). THe literature of ion beam mixing is still growing with v~rious

authors adopting different approaches and no~tions. A unified th,eoretical fran>ework will' be
I

presented in Section ~2.3). The major experimenta'l flndings, reported by various workers. ,
- will be reviewed in Section (2.4),

2.2 Atomic collisions in solids

.'

The collision theory treats the interaction between a movingloiiand target atoms,
classically. The collision is assumed to be binary and the struck atom is assumed to be

stationary before the collision. Also. it is assumed that'the incident ion loses its energy

through elastic and inelastic scattering events; the two mechanisms are assumed to be

independent [15].

2.2.1 Elastic scattering

The main features of elastic scat~ring are shown in Fig. (2.1), The scattering

angle. e~ in the cent:e of mass coordinates is given by [16];

1

7
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Fig. (2.1) a)
b)

Binary collision in Lab:9ratory Coordinate System
Binary Collision in Centre of :'vtass Coordinate System.




















































































































































































































































