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 PREFACE

The invention of funnel diode in 1958 by Leo Esaki
heralded a period of intense activity by both physicists
and engineers who sought to understand and realise the
potentialities of this new semiconductor device. A%t first
the potentialities appeared limitless, ‘but gradually the
various limitations of the device Wgre.exﬁbsed. Among the
several disciplines where the tunnel diode:has found a per-
manent place are the fields of eléétronic computers (where
it is used in conjunction with transistors to provide fast
switching), the heavily-doped semiconductbrs etc. The work
described in the thesis further widens the frontier of
achievements of tunnel diodes as it illustrates that the
understanding of the phenomenon of tunnelling through them
has led to a modification in our ideas of field emission.

_ I am deeply indebted to Dr. D.K. Roy for his.constam;
encouragement and constructive criticism and for providing a
stimulating and challenging environment in which I have been
welcomed, inspired, and abundantly assisted. He has helped
me in carrying out this work in the hope that it would prove
to be of some use to those who will further advance our
knowledge and understanding along this small but fascinating
frontier of physics. I am deeply grateful to many of my
teachers and colleagues at Indian Institute of Technology,
Delhi; without their help this work could not have been
completed. I wish especially to thank Mr. M.P. Joseph for
his assistance in many ways, including the typing of the
entire thesis. The financial assistance by ¢.S.I.R.(India)

is gratefully acknowledged.
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New Delhi9 P.J. George

Oct. 1974.



CHAPTER T

- CHAPTER 1II

CHAPTER IIT

'CONTENTS

PREFACE
¢ INTRODUCTION

A, A Review on Field Emission
I. Existing Concepts of Tunnelling .

II. Tunnelling in M-I-M and Schottiy
Junctions

ITII. p-n Junction Tunnelling
(a) Tunnelling probability
(p) Tﬁnnelling current
(¢c) Bxcess current
(d) Thermal current
(e) Prediction of I-V characteristic

(f) Bffects of doping, temperature,
electron pombardment and
pressure

(g) Indirect tunnelling
(h) Tunnelling anomalies
(1) Applications
. |
IV. Tunnelling in Superconductors
V. Atomic 'Tunnelling in Solids

' |
B. Sone Commen@s on the Properties of
Heavily-doped Semiconductors

C. A Note on the Technology of Fabricating
Good Quality Tunnel Diodes

¢ THE STUDY OF THEEVARIATION OF IMPURITY

TONIZATION WITH DOPING IN HEAVILY-DOPED
n~-TYPE GERMANIUM,

: REMODELLING OF TﬁE THEORY OF FIELD EMISSION

A. Tunnelling P%obability

B. Tunnelling Time ’

C. Tunnelling Current Density
i

11
15
17
20
25
28
31

57
70

3

85
87



CHAPTER IV :

CHAPTER V

CHAPTER VI
APPENDIX 4

APPENDIX B

.¥

(X

TUNVELLING TIME AND TUNNELLING CURRENT
IN A TUNNEL DIODE

A. Tunnelling|Current Density

B. CalculatloA of Electron Tunnelling Time
Through a Tmnnel Diode

THE DEPENDENCE OF ELECTRONIC TUNNELLING
PROBABILITY ON TMPURITY DIFFUSION LENGTH
TN TUNNEL DIODE

SUMI{ARY AND CONCLUSIONS
DENSITY OF STATES IN HEAVILY-DOPED

SEMICONDU CTORS

I. Von-degenerate, Time-independent,
nth Order Perturbation Theory

I1. First- orderinen51ty of States
Galculations

11T, Second—order Density of States
: Calculatlons

: ROY'S DERIVATION QF ESAKI INTEGRAL

APPENDIX C @

APPENDIX D

AN EXPRESSION FOR TUNNELLING PROBABILITY
IN L TUNNEL DIODE

ATRY FUNGTION AND ITS PROPERTIES
BTBLIOGRAPHY |

20
100

106
111
116
116
119
122

129

134
146
154



	Page 1
	Page 2
	Page 3
	Page 4

