
电视影像在
声光激光系统
上的形成







Yu. V. Gulyaev, M. A. Kazaryan 
Yu. M. Mokrushin, O. V. Shakin 

Acousto-Optical 
Laser Systems for 
the Formation of 
Television Images



Translated from Russian by V.E. Riecansky

CRC Press
Taylor & Francis Group
6000 Broken Sound Parkway NW, Suite 300
Boca Raton, FL 33487-2742

© 2019 by CISP
CRC Press is an imprint of Taylor & Francis Group, an Informa business

No claim to original U.S. Government works

Printed on acid-free paper

International Standard Book Number-13: 978-1-138-59520-0 (Hardback) 

This book contains information obtained from authentic and highly regarded sources. Reasonable efforts 
have been made to publish reliable data and information, but the author and publisher cannot assume 
responsibility for the validity of all materials or the consequences of their use. The authors and publishers 
have attempted to trace the copyright holders of all material reproduced in this publication and apologize to 
copyright holders if permission to publish in this form has not been obtained. If any copyright material has 
not been acknowledged please write and let us know so we may rectify in any future reprint.

Except as permitted under U.S. Copyright Law, no part of this book may be reprinted, reproduced, transmit-
ted, or utilized in any form by any electronic, mechanical, or other means, now known or hereafter invented, 
including photocopying, microfilming, and recording, or in any information storage or retrieval system, 
without written permission from the publishers.

For permission to photocopy or use material electronically from this work, please access www.copyright.
com (http://www.copyright.com/) or contact the Copyright Clearance Center, Inc. (CCC), 222 Rosewood 
Drive, Danvers, MA 01923, 978-750-8400. CCC is a not-for-profit organization that provides licenses and 
registration for a variety of users. For organizations that have been granted a photocopy license by the CCC, 
a separate system of payment has been arranged.

Trademark Notice: Product or corporate names may be trademarks or registered trademarks, and are used 
only for identification and explanation without intent to infringe.

Visit the Taylor & Francis Web site at
http://www.taylorandfrancis.com

and the CRC Press Web site at
http://www.crcpress.com

http://www.copyright.com
http://www.copyright.com
http://www.taylorandfrancis.com
http://www.crcpress.com
http://www.copyright.com


vContents

Contents

Introduction  ix

1. Methods of producing laser projection images 1
1.1. Development of laser television display devices 1
1.2. Pulsed method of forming a television image 15
1.3. Pulsed lasers for the television image forming system     17
1.3.1.  Gas lasers 17
1.3.2.  Solid-state lasers 21

2. Acousto-optical devices for modulation and
deflection of the laser light beam for information
display systems 24

2.1. Comparison of light scattering in optically isotropic 
and anisotropic media  24

2.2. Geometry of scattering for various crystallographic 
planes in uniaxial crystals 27

2.2.1.  Anisotropic diffraction in the case of an 
arbitrary scattering geometry 33

2.3.  Acousto-optical devices and their manufacturing
 technology 35
2.3.1.  Piezotransducer for acousto-optical device 38
2.3.2.  Coefficient of electromechanical coupling 40
2.3.3.  Attaching a piezoelectric transducer to a crystalline
 element 43
2.3.4.  Cleaning of the surfaces of the piezotransducer and 

sound pipe before the deposition of binding metals 46
2.3.5.  Grinding of the piezotransducer after welding to a 

specified thickness 47
2.3.6.  Orientation and manufacture of acousto-optical cell 

sound transmission 49
2.3.7.  Attachment of the absorber–heat sink 52
2.3.8.  Sputtering of the upper electrode 54
2.4.  Acousto-optical modulator for a pulsed television 

image formation system 54



vi Contents

2.5.  Devices for the scanning of the light beam 60
2.6.  Variants of construction of an optical system for 
 an acousto-optical device for the formation of a 
 television image with a pulsed laser 65

3. Theoretical consideration of the process of image 
 formation in the acousto-optical system with the 
 pulsed coherent light source                                   68
3.1.  Diffraction of a plane light wave by ultrasound in a 
 gyrotropic TeO2 crystal 68
3.1.1.  Statement of the problem and derivation of the 
 integral equation for the field 69
3.1.2.  Solution of the integral equation 76
3.1.3.  Anisotropic diffraction of light by a slow shear wave 
 in a TeO2 crystal at a constant amplitude of an 
 ultrasonic perturbation 79
3.1.4. Anisotropic diffraction with amplitude modulation of the   
 ultrasonic signal 88
3.2.  Forming a line image in an acousto-optical system 
 with a pulsed coherent light source 92
3.3.  Frequency-contrast characteristic and the limiting 
 number of solvable system elements per frame 102
3.3.1.  The case of low efficiency of the acousto-optical 
 interaction                                                     102
3.3.2.  Influence of the nonlinearity of the acousto-optical 
 interaction on the quality of the image being 
 formed. Approximation of the third order of interaction. 
 Limits of applicability of the first order of interaction    109
3.3.3.  Approximation of the fifth order of interaction. Limits 
 of the applicability of the third-order approximation 
 of the interaction  117

4.  Development and experimental investigations of 
 individual sections and elements of acousto-optical 
 system for the formation of TV images 126
4.1.  Optimization of the parameters of the copper vapour 
 laser radiation applied to the projection information 
 display system  126
4.1.1.  A copper vapour laser with intracavity acousto-optical 
 control of its spectral and temporal characteristics 136
4.1.2.  Control of the parameters of the light beam in 



viiContents

 the oscillator–amplifier of laser radiation system 141
4.1.3.  A system of two lasers on copper vapour with 
 the Injection of a light beam into a powerful laser 143
4.2.  Production of a blue line in a titanium–sapphire laser 
 with pumping from a copper vapour laser and 
 transformation of radiation into a second harmonic       146
4.3.  The design of acousto-optical modulators and                      
 deflectors for a pulse information display system 152
4.4.  Features of the operation of electronic control devices 
 for the acousto-optical television information 
 display system                                                      163
4.5.  Optimization of the optical scheme for the information 
 display system with a pulsed copper vapour laser 172

5. Experimental investigations of the acousto-optical 
 system or displaying and recording information 
 with a copper vapour laser 178
5.1.  Study of amplitude transfer characteristics and non-
 linear distortions in the formation of the image of a 
 line 178
5.2.  Experimental study of the characteristics of the 
 acousto-optical television information display system 
 on the projection screen 184
5.2.1.  Optical scheme of the installation 185
5.2.2.  Experimental results 188
5.2.3.  On the possibility of creating a multicolour projection 
 device with metal vapour lasers                             193
5.3.  Application of an acousto-optical system with a pulsed 
 copper vapour laser to record information 194
5.3.1.  Recording of information on the space–time light 
 modulator PRIZ 194
5.3.2.  Recording television information on film 199
5.3.3.  Recording television information on other carriers 199
5.4.  Displaying TV information on the big screen 200
5.5.  Prospects for creating an acousto-optical system for 
 displaying TV information in the high-definition 
 standard with pulsed lasers 206
5.5.1. Study of the operation of the acousto-optical 
 television information display system in the 
 standard of enhanced definition 206



viii Contents

5.5.2.  Variants of creating a colour acousto-optical system 
 with pulsed lasers operating in the HDTV standard 210

Conclusion 215

Appendix 1. Parameters of some crystals used in acousto-
 optical devices 216
Appendix 2. Expressions for the time-average light 
 intensity in the fifth and fourth order of interaction  227
Appendix 3. Design of the copper vapour laser (laser 
 generator) developed for the display of information 
 of a large screen 232
Appendix 4. An oscillator–amplifier copper vapour laser 
 system for illumination of architectural structures 
 and formation of vector–graphic images                241

References                                                                252

Index                                                                       260



Introduction

The creation of devices capable of displaying a large amount of 
information with high quality of the reproduced image is of practical 
interest in such areas of science and technology as optical processing 
of information, recording information on various types of media, the 
reproduction of television images, communication and others where 
we are dealing with large flows information in real time.

At present, great efforts of the leading electronic companies of 
the world are aimed at creating television systems for displaying 
information using laser light sources. Lasers provide high brightness 
and color contrast in the image, unattainable for lamps and phosphors. 
Among the laser sources, pulsed lasers are emitted, which allow 
the effective nonlinear conversion of radiation to other parts of 
the visible spectrum and, thus, cover the entire wavelength range 
available for visual perception. One of the promising methods of 
real-time imaging for these lasers is the pulse image projection 
method of an amplitude-modulated ultrasonic line that fills the 
aperture of the acousto-optical modulator.

In the modulation method under consideration, there is no high-
speed scan in a row, and, unlike existing methods that use matrix 
modulators, there is no discrete structure in the image. It is formed 
in real time without delay and is better consistent with a consistent 
way of transmitting information over the communication channel. 
Image dimensions can easily be transformed without modifying the 
modulation devices themselves. When recording information on 
various types of media, it is possible to perform coherent optical 
processing of this information. The possibility of using fully acousto-
optical control devices for the system under consideration makes it 
possible to reject for a number of problems such mechanical control 
devices as mirror scanners, polyhedral rotating prisms, matrices, and 
micromirror lines. In addition, crystal media used for modulators can 
withstand large average and pulsed laser radiation powers, which 
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makes it possible to use the systems in question for technological 
purposes.

Despite the fact that the impulse imaging method has been known 
for a long time, there are many unresolved issues related to the 
efficiency and quality of image formation with the most effective 
acousto-optical modulators (AOM) on a paratellurite (TeO2) crystal 
with amplitude modulation of ultrasound. The complexity of the 
problem lies in the fact that acousto-optical diffraction must be 
considered for an anisotropic gyrotropic medium, which is a TeO2 
crystal, and for an intermediate mode of diffraction of light by sound. 
The question of the prospects of practical application of this method 
for displaying full-colour television information on large screens in 
the high-definition standard is unclear.

Of great importance is the question of optimizing the output 
parameters of the laser for the purpose of imaging by the pulsed 
method. A copper vapour laser can be chosen as such a source, which 
remains one of the most powerful sources of light in the visible 
region of the spectrum and, in its output characteristics, agrees 
quite well with the requirements for a pulsed imaging system. In 
Russia, work is continuing to improve these lasers in the direction 
of increasing pump efficiency and practical efficiency.

The aim of the authors’ research is the development of the theory 
of acousto-optical interaction for anisotropic crystalline media 
possessing gyrotropic properties and on its basis the development 
of a technique for calculating the spatial distribution of the intensity 
of light radiation on the projection screen during the diffraction of 
pulsed laser radiation by an amplitude modulated ultrasonic signal 
in a paratellurite crystal (TeO2).

The study of the characteristics of an acousto-optical system 
with a pulsed method of forming a line for displaying and recording 
information using copper vapor lasers makes it possible to extend the 
results obtained by the authors to systems using full-colour pulsed 
solid-state lasers, which are now rapidly developing.
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