II.

II1.

Iv.

VL

VIIL

CONTENTS

1. ATOMIC STRUCTURES OF SURFACES
D. HANEMAN

Introduction

Surface Cleanliness .
A. Real and clean surfaces
B. Vacuum

Methods of Clean Surface Preparation
High temperature heat treatment
Ion bombardment and annealing
Vacuum cleavage

. Evaporated layers .

Field evaporation .

Summary

xperimental Methods of Surface Structure Determination

. Introduction .

Low energy electron dlffractlon .

Theory of low energy electron diffraction .

. Reflection high energy electron diffraction .

Mating technique .

Surface state evidence concemmg structure

. Structural evidence from electron paramagnetic resonance

QMmuaw»mn MHoOwe

. General Theory of Surface Structures

A. Surface energy
B. Specific model calcu]atlons
C. Two centre approach

Structures of Clean Semiconductor Surfaces
Cleaved Si and Ge .
Annealed Si and Ge surfaces
Summary table
. Diamond . .
III-V compounds .
Other materials

ITmgOws

Auger Electron Spectroscopy (AES)
A. Auger peak shape .

B. Auger electron yield

C. Methods of detection

ix

OO 000000 )~ & WWw N



X

CONTENTS

VIII. Ionization Spectroscopy and Appearance Potential Methods

Acknowledgements
References

II.

III.

Iv.

VL

VII.

2. ASPECTS OF SURFACE STATE THEORY
R. O. JONES

Introduction

Surface States in a Linear NFE Model
. States near a surface

Origin and occupancy of the surface states .
. Discussion of model
. Special case—Mathieu potential

mUNwp

Linear Tight Binding System .

A. Tight-binding model

B. Limits on the number of surface states
C. Related one-dimensional calculations.
D. Some comments on terminology

Band Structure and Related Approaches . ;
Energy bands for complex k—complex band structure .
Planar discontinuities :
Complex band structure—results of calculatlons :

. Wave function of surface states .

Green’s function methods

Surface states in other contexts .

Tlght Binding Methods .

A. Eigenfunction expansions . .
B. Green’s function (resolvent) method .
C. Further applications of Green’s function
D. Madelung potential approach

Results of Calculations .

Band structure approaches
Approx1mate band matching methods
Results using approximate methods
Results using tight-binding methods .
Results for other semiconductors
Surfaces with an oxide layer

Surface states and surface structure

i mMPgOw»

OmMmUO®p

Concluding Remarks

Acknowledgements
Postscript
References

Complex band structure and surface states in NFE approxxmatlon .

88
89
89

96

97
97
98
102
103
104

106
106
107
108
109

110
110
111
112
113
117
119

120
120
121
122
124

125
125
127
131
134
136
137
137

138
139
139
140



IL

I11.

Iv.

VI.

VIL

VIIL

CONTENTS

3. THE SURFACE SPACE CHARGE LAYER

F. BErz

. Introduction

A. Origin of surface layers
B. Assumptions and units

Surface Space Charge Layer in Equilibrium

A. Energy diagrams and carrier densities

B. Field, charges, and potential distributions .
C. Surface excesses . .

Fast Surface States

A. Introduction .

B. Pulsed field effect

C. Surface states in equilibrium
D. Relaxation times of fast states .

Conductivity of Surface Layers

A. Introduction .

B. Variation of surface conductxvxty w1th barrler helght and surface
charge (neglecting surface scattermg)

C. Surface mobilities .

. Differential Capacitance and lmpedance of Surfaces

A. Low frequency differential capacitance .
B. Surface impedance at moderate and high frequenmes .

Surface Recombination

A. Introduction .

B. Theory of surface recombmatlon
C. Quasi Fermi levels .

Surface Photovoltage .
A. Fundamental equatxons : :
B. Effect of excess carriers on surface potentnal

Surface Channels

A. Uniform channels for surface studles

B. Surface channels in diodes under reverse bias
C. Channels in MOST’s

References

I.

4. THEORY OF ADSORPTION

S. R. MORRISON

Introduction

A. Physisorption

B. The two extremes of chemlsorptlon |onosorpt|on and chemlcal
bonding

C. The activation energy for chemlsorptlon

D. The influence of the semiconductor space reg:on in lonosorptxon

E. Adsorption isotherms

144
144
145

146
146
152
158

162
162
162
165
169

175
175

177
179

184
184
189

197
197
198
203

206
206
207

210
210
215
217

219

221
222

224
226
230
232



Xii

II.

I11.

IV.

CONTENTS

Surface State Theory for Adsorbed Species

A. Introduction .

B. The surface state descnptxon of lonosorbed speCIes

C. Adsorption/desorption in the surface state model

D. Local sorbate/sorbent interaction in the surface state model .
E. Two-equivalent species as adsorbates

Examples .
A. Adsorption with no electron transfcr
B. Adsorption with electron transfer

Non-Equilibrium Conditions

A. Surface recombination on non- volatlle one- equwalent adsorbates
B. Carrier trapping by adsorbates

C. Photolysis and photocatalysis .

D. Photoadsorption and desorption

E. Electron or hole injection from dyes .

References

L
IL.

III.

Iv.

V.

5. TECHNIQUES AND MEASUREMENTS

C. E. Reep anp C. G. ScotT

Introduction

Opto-electrical Methods
Photoelectric emission

Surface photovoltage

Contact potential difference

. Surface photovoltage spectroscopy
Electron beam techniques

. Photoconductivity .

Optical Methods .
A. Surface absorption and reﬁectlon
B. Ellipsometry .

Electrical Methods

A. Field effect .
B. Conductance methods
C. Surface capacitance

Magnetic Methods
A. Galvanomagnetic effects .
B. Electron paramagnetic resonance

mmcow>

References

L.

6. THE CHEMICAL AND PHYSICAL PROPERTIES OF CLEAN
GERMANIUM AND SILICON SURFACES

F. MEYER AND M. J. SPARNAAY

Introduction and Historical Notes.

234
234
235
238
239
243

246
246
249

252
252
255
257
259
261

263

267

270
270
280
282
285
287
288

290
290
294

295
295
304
305

315
315
316

316

321



CONTENTS

II. Concepts Used in the Interpretation of Experimental Results
A. Formation of a surface .
B. Surface states and field effect
C. Adsorption and thermodynamics

II1. Surface Structure of Clean Silicon and Germanium Surfaces
A. Low energy electron diffraction
B. Interpretation of the LEED patterns in terms of atomrc structure

IV. The Dangling Bonds of the Surface Atoms .
Chemical adsorption reactions at room temperature
Dangling bonds and surface states

Direct observation of surface states .

. Surface state transitions .

Electrical measurements . .

Model of the surface states density at the 81 (11 1) surface

d layers

. Plane specificity ;

Adsorption of oxygen on clean srhcon and germamum surfaces
Oxidation of silicon and germanium .

. Adsorption of H,O

Adsorption of NH,

Adsorption of alkali atoms

VI. Concluding Remarks
References

<
.’“.mUQ.WI>> mTmoOwp

7. II-VI AND III-V COMPOUND MATERIALS

C. G. ScorTt anDp C. E. REED

1. Introduction

II. II-VI Compounds :

. Cadmium sulphide .

B. Cadmium selenide .

C. Cadmium telluride .

D. Zinc oxide

E. Zinc sulphide and zinc selemde
F. ; 5
II

A.

B

>

Zinc telluride

I-V Compounds
Indium antimonide
. Gallium arsenide
C. Indium arsenide
D. Gallium phosphide
E. Other III-V compounds .

1V. Concluding Remarks
References

II1.

Xiil

323
323
325
330

342
342
346

350
351
353
355
363
369
376

378
378
381
391
392
396
397

404
405

411

415
416
448
459
461
487
489

490
492
497
503
505
508

511
512



X1V

II.
II1.

1v.

CONTENTS

8. GAS EFFECTS ON IV-VI SEMICONDUCTOR FILMS

J. N. ZEMEL

Introduction

Material Preparation

Results

] MMy oW

General con51derat10ns
Sample preparation .
Resistivity and Hall coeﬁlment

. Kinetic observations

Temperature effects
. Alloys .

Discussion of Theory and Related Toplcs
V. A Temporary Conclusion

References

523
524

528
528
530
536
540
548
549

551
560
561

9. THE EFFECT OF SURFACE STATES ON SEMICONDUCTOR DEVICES

II.

111

V.

K. H. ZAININGER

Introduction

A
B.

General statement .
The Si-SiO, interface

Metal-Oxide-Semiconductor (MOS) Devnces .

MOOWRE THOUO®WR

. Introduction .

The MOS capacntor.

. The MOS transistor ;
. Dual-dielectric charge storage cells (DDC s)

Silicon-on-sapphire (SOS) .
Charge coupled devices (CCD’s)

ipolar Devices .
. Introduction .

The gated p, » junction dxode .
The p, n junction diode

. The p, n junction transistor

Multilayer p, n junction devices

Integrated Circuits

A.
B.

. Other Semiconductor Devices
A.
B.

General discussion .
Isolation

Optoelectronic devices
Microwave devices .

References

Author Index
Subject Index

563
563
567

569
569
570
576
585
586
589
596
596
597
599
603
604
605
605
607

608

613
615

617
633



	page1
	page2
	page3
	page4
	page5
	page6

