Contents

Foreword ..

Preface

. Introduction

1. Historical Commentary

11l. Models of the Barrier Hamiltonian

1.
2.

3.
4.

Survey of Types of Models ..

Models Emphasizing Electron-Electron Interactxons
Models Emphasizing Band-Structure Effects

The Phenomenological Point of View

IV. The Independent-Electron Theory of Tunneling

5.
6.

The Metal-Vacuum Contact ..

Internal Field Emission .

a. Types of Internal Field Ermssmn

b. One-Electron Schrédinger Equations

¢. Qualitative Features of Models for Zener Em15510n

d. Survey of the Literature on Zener Emission

. Heterojunction Tunneling
a. Evaluation of the Current and Conductance
b. Influence of Band Structure on Tunneling Characterlstlcs
¢. Metal-Insulator-Metal Junctions .. . .
d. Metal-Insulator-Semiconductor (Semimetal) Juncnons
e. Metal-Semiconductor Contacts .
f. Magnetic Fields and Composite Juncnons

. The p-n Tunnel Diode

a. Specular Direct Tunneling .

b. Magnetic-Field Effects: Theory and Expenment

V. Comparison of the Consequences of the Independent-

1

1

Electron Model with Experiments

9. Metal-Insulator-Metal Junctions

0. Metal-Insulator-Semiconductor and Metal Insulator-Sermmetal
Junctions

1. Metal-Semiconductor Contacts

vii

14
15
22
27

30

36
38
39
45
49
49
54
57
65
71

80

80
85

90

97
102



CONTENTS

12. Semiconductor Tunne] Heterodiodes
13. p-n Tunnel Diodes: I—Flastic Tunneling .

a. General Features of Tunnel-Diode Current-Voltage Characterlsucs

b. Direct Diodes
c. Indirect Diodes

V1. Beyond the Independent-Electron Model

VIL.

14. p-n Tunnel Diodes: II—Inelastic Tunneling ..
a. Phonon-Assisted Tunneling in Indirect Diodes
b. Phonon-Assisted Tunneling in Direct Diodes
c. Photon-Assisted Tunneling in p-n Diodes . .
15. Survey of Experimental Evidence for the Influence of Electron
Interactions on Tunneling
16. Single-Particle Tunneling into Superconductlng Electrodes
a. Survey of Experimental Measurements . .
b. Elastic Tunneling: Special Topics
17. The Josephson Effect .
a. Properties of Weakly Coupled Superconductors
b. Macroscopic Model of an Ideal Tunnel Junction
c¢. Experimental Confirmation of the Theoretical Predictions

Many-Body Theory of Electron Tunneling

18, Definition of the Transfer-Hamiltonian Model
a. Conceptual Foundations .

b. Coherent Elastic Tunnehng through an Average Potentlal Barner ..

¢. Fluctuation-Induced Elastic Tunneling .

d. Occupation-Number Representation of the Transfer Harmltoman ..

19. Linear-Response Formalism for the Tunneling Current . . .
a. The Current as a Functional of Temperature Green’s Functions
b. Diagrammatic Expansion of the Single-Particle Current
c. Diagrammatic Expansion of the Josephson Supercurrent .
20. Many-Body Interactions in the Electrodes: I—Normal Electrodes
a. The Single-Electrode Case ..
b. Electron-Phonon Interactions in Homopolar EIectrodes
c. Electron Interactions in Polar-Semiconductor Flectrodes
21. Many-Body Interactions in the Electrodes: II—Superconducting
Electrodes .. .. .. .. .. ..
a. The Pairing Model
b. Single-Particle Tunneling
c. Supercurrent Flow (Condensed- Pau' Tuunehng)
22, Inelastic Tunneling
a. Qualitative Features ..
b. Phonon Emission in Indirect Semlconductors
¢. Phonon Emission in Direct Semiconductors
d. Inelastic Impurity Excitation in the Barrier
e. Resonant Tunneling via Paramagnetic Impurities

References

Author Index
Subject Index

110
112
112
117
120

122
122
125
127

135
167
167
170
193
193
196
201

207
207
215
220
222
230
230
237
245
250
250
255
263

269
269
273
276
279
279
282
286

- 290

294

308

327
341



