
The Photovoltaic and 
Photorefractive Effects in 

Noncentrosymmetric Materials 

BORIS I. STURMAN 
Institute of Automation and Electrometry 

Russian Academy of Sciences, Siberian Branch 
Novosibirsk 

VLADIMIR M. FRIDKIN 
Institute of Crystallography 

Russian Academy of Sciences 
Moscow 

Translated from the Russian by 
J.E.S. Bradley 

GORDON AND BREACH SCIENCE PUBLISHERS 
Philadelphia Reading Paris Montreux Tokyo Melbourne 



CONTENTS 

Series Editor's Introduction ix 

List of Abbreviations x 

Preface 1 

CHAPTER 1. PHENOMENOLOGICAL DESCRIPTION 

1. Introduction 5 
2. The photovoltaic effect and photoelectric phenomena 5 
3. Linear and circular photovoltaic effects 7 
4. Polarization aspects of the photovoltaic effect 

in some crystal types 13 
5. Glass coefficients 15 
6. Spatially oscillating and steady currents 16 
7. Photoinduced fields 19 
8. Experiment 21 
9. The magnetophotovoltaic effect 37 
10. Conversion efficiency 39 
11. Limits to the phenomenological description 41 

CHAPTER 2 . PRINCIPLES OF THE MICROSCOPIC 
THEORY 

1. General 43 
2. Elementary-process asymmetry 46 

2.1. Scattering 46 
2.2. Photoexcitation and recombination 49 
2.3. Electron hops 54 

3. Basic kinetic-theory formulas for a medium lacking a 
center of symmetry 55 
3.1. Distributions and fluxes 55 
3.2. Kinetic equation 56 
3.3. Collision integrals 57 



vi CONTENTS 

4. The photovoltaic effect in impurity-band transitions 63 
4.1. Scattering mechanism 63 
4.2. Photoexcitation and recombination mechanisms 65 
4.3. Discussion 68 

5. Band-band transitions 69 
5.1. Circular photocurrent 70 
5.2. Phonon mechanisms in the linear PVE 73 
5.3. The Coulomb mechanism for the linear PVE 76 

6. Shift PVE 77 
6.1. Introduction 77 
6.2. General characteristics 78 
6.3. Shift currents 82 
6.4. Shift interpretation 84 

7. The intraband PVE 85 
8. The scope for nondissipative current flow 87 
9. Magnetic-field effects 90 
10. Hop mechanism 93 
11. Mechanisms related to spatial inhomogeneity 94 

CHAPTER 3 . THE PHOTOVOLTAIC EFFECT 
IN PARTICULAR MATERIALS 

1. Gallium arsenide 97 
1.1. Band-band transitions 98 
1.2. Hole photoexcitation 102 

2. Gallium phosphide 106 
3. Zinc sulfide 109 
4. Tellurium 110 

4.1. Band structure 110 
4.2. The circular PVE in band-band transitions I l l 
4.3. The circular PVE in intraband absorption 112 

5. Quartz 117 
6. Sillenites 118 
7. Lithium niobate and tantalate 120 
8. Potassium niobate 126 
9. Barium titanate 128 
10. Lead germanate 130 
11. Barium-strontium niobate 132 
12. Antimony sulfoiodide 132 
13. Other materials 133 



CONTENTS vii 

CHAPTER 4. NONLINEAR OPTICAL PHENOMENA 
DUE TO THE PHOTOVOLTAIC EFFECT 

1. Introduction 135 
2. The photorefractive effect 136 
3. Holographic gratings 140 

3.1. General formulas 140 
3.2. The traditional scheme 143 
3.3. Polarization writing 146 
3.4. Experiment 149 

4. Two-beam coupling 151 
4.1. Wave-amplitude equations 151 
4.2. Nonlinear response 152 
4.3. Stationary energy transfer 154 
4.4. Energy-transfer kinetics 156 
4.5. Experiment 158 

5. Photoinduced scattering 160 
5.1. о -* о and e -* e scattering 161 
5.2. о -* e and e -* о scattering 163 
5.3. Parametric scattering 164 

6. Four-wave mixing 167 
6.1. Basic formulas 168 
6.2. Passive conjugating mirror 169 
6.3. Active conjugating mirror 171 

CHAPTER 5. ANOMALOUS PHOTOINDUCED 
FIELDS 

1. Strong fields 174 
2. Charge-transport model 176 
3. Hot-electron diffusion 180 
4. Charge transfer in a light-induced grating 182 

4.1. High and low spatial frequencies 182 
4.2. Spatially oscillating diffusion and photovoltaic 

currents 184 
4.3. Spatially oscillating fields 187 

CHAPTER 6. PHENOMENA RELATED TO PVE 

1. The photothermal effect 189 



viii CONTENTS 

2. Relaxation currents 192 
2.1. Ionic currents 193 
2.2. Electron currents 196 
2.3. Relaxation-current phenomena 197 

3 . Even electrical and thermal conductivities 199 
3.1. Quadratic electrical and thermal conductivities 199 
3.2. Shift electrical conductivity 201 
3.3. Unipolar conductivity 202 

4. Absolute negative photoconductivity 204 
4.1. Introduction 204 
4.2. Basic experimental results 206 
4.3. Microscopic mechanisms 209 

5. The surface photovoltaic effect 213 
6. Mirror isomer separation 216 

References 218 

Index 235 


