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ABSTRACT

A theore t i ca l in terpre ta t ion of the d ig i t a l beam deflection

efficiency of an e lec t ro-opt ic modulator is described. Calculated

switching voltages are in good agreement with the experimentally ob-

served values. The computed percentage eff iciencies to three

successive positions are 5T,^8 and U3, respect ively.
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The output beam of a laser can in general ~oe transformed in many

ways before being used for any practical purpose. Considerable interest has

been recently spread on the spatial transformation of the laser beam where

the intensity and/or the position of the beam in space is changed. The

different principles employed for this transformation can be broadly classified

as using (l) mechanical (ii) acousto-optic and ( i i i ) electro-optic devices.

In the first category, a multiple-position random access switch using Fabry-

Perot interferometers to produce a 2-D array of beam positions has been

reported [ l ] . In this arrrangement the spacing of two wedge configuration

Fabry-Ferot interferometers are changed to achieve the desired beam switching.

Laser beam deflection with zero frequency shift has been accomplished in the

recent years by utilizing the acousto-optic interactions in Bragg cells [2,3].

Certain bulk electro-optic crystals exhibit photorefractive properties. Laser

beam deflection device based on the photorefractive effect in bismuth silicon

Oxide (BSO) has been reported [It]. Electro-optic effect in suitably selected

crystals has also been used to design low voltage multiport switching systems

[5-7]. In the last three types of beam deflection devices (acousto-optic,

photorefractive, electro-optic) a phase grating Is produced inside the bulk

material. It has already been reported that experimental results show that

selective switching of an optical beam to two discrete positions can be

achieved by applying suitable voltages to an electrode configuration on the

face of a LiNbO crystal [8,9]. This paper gives a theoretical interpretation

of the deflection efficiency of an electro-optic device and compares the

computed efficiency with those based on other principles.

The application of a. voltage on the electrodes desposited on a

suitably selected face of an electro-optic crystal results in a fringing

field penetrating Into the crystal, causing a periodic change in the re-

fractive index of the crystal. When an optical beam is passed through this

perturbed medium, a phase corrugation will appear on the wavefront of the

emergent beam thus giving rise to a diffraction pattern in the far field.

If the impressed phase profile is symmetric the incident beam will be

diffracted equally into the positive and negative orders. Therefore the

electro-optic device will act like a raultiport switch and can be used for

symmetrical addressing systems and also as a zero-order beam intensity

modulator. However, when an ideal sawtooth phase profile of phase delay nir

is impressed on a laser beam, maximum energy is deflected into the n-th

order diffraction beam and hence gives the selective switching capability.
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Consider a Z-cut UNbO crystal with the electrode configuration as

shown in Fig.l(a) deposited on the XY plane with electrode lengths along the

X axis* The components of the electric fields inside the crystal at low

frequencies are given by

E* = O

Z L in-

bmt nir a a

U)

(2)

(3)

When a laser beam is incident on this electrode-LiKbO interface through the

crystal region, a phase corrugation will be impressed on the reflected wave-

front. If the angle of incident of the wavefront is a and the electrode

length is 24 along the X axis, the accumulated phase profile impressed on

the emergent wavefront is given "by

r

vhere X is the wavelength of the laser beam, r.. are the electro-optic

coefficients, n and n are the refractive indices of the ordinary and

extra-ordinary rays, respectively. Eq..(lt) has been computed for different

values of 2ad, 2bd and VQ (\ = 0,63 ym He He laser, 2# = 3-5 mm and

a = I*.75 )• The results indicate that an asymmetric phase profile is

impressed on the wavefront when a ̂  b and a close approximation to an ideal

sawtooth phase profile is achieved when 2ad is small compared to 2bd.

The calculations further reveal that the depth of the phase change is not

appreciably altered by the relative ratio a:b. It should also be noted

that the reduction in the spacing between two oppositely polarized electrodes

may create a high potential gradient between them giving rise to a local

discharge and thereby leading to the failure of the device. Since the

amplitude of the phase profile Is dependent on the voltage applied to the

electrodes, a digitdal beam switching may be obtained "by changing this voltage.
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Comput ttiori of Eq.(U) for different, voltages oho\* that when the

applied voltages (2VQ) are 155 V, 250 V nnd ^05 V the amplitudes of t>io

phase profiles are IT , 2n and 3n , respectively. The eiert roJe configuration

assumed had a relative ratio a:b = 1:6 (2ad = h~y gm and d = 0.17J ram). The

phase profile impressed on the emergent wavefront, with this electrode con-

figuration, is not an exact sawtooth profile and hence maximum transformation

of the energy should be expected close to these voltages. In this computation

the running variable n of Eqs.(2) and (3) were limited to give an accuracy

>,0.5 % so as to obtain the exact phase profile inside the crystal. This phase

profile was compared to that obtained by incorporating an increasing number

of harmonics. Calculations indicate that a very close approximation of the

exact phase profile is achieved when the first four harmonics are introduced

in Eq.(l»).

The relative intensity transformed into the n-th ovder by the above

phase profile is given by

(5)

where $. are the amplitudes of the Fourier components of $ , k. are

the order numbers ranging from -»> to +<= , J (41. ) denote the Bessel co-

efficient of argument if. and order h^.

Fig.l(b) shows the calculated percentage energy coupled into the

first order when an increasing number of Fourier components of $. are

>̂y
introduced into Eq.(5). The $. were computed at 2V = 155 V. It can

"be seen from the graph that the effect of the contributions by the harmonics

to the diffracted beam gradually decreases with increasing number of the

harmonics.

For these reasons only the first four harmonics were substituted

in Eq.. (5) to calculate the switching efficiency of the described device

arrangement. The computed behaviours are summarized in Fig.2.

It is instructive to note from the graph that at selected voltages

vis. lU8 V, 272 V and ^OU V maximum energy is coupled into the +1, +2 and

+3 orders. The values of the voltages are in good agreement with the voltages

suggested earlier (155 V, 250 V, U05 V) and to the experimental value [3],

At any desired voltage the energy coupled into the other orders, both positive

and negative, are small thus the device exhibits selective switching capability.
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The deflection efficiency of the photorefractive device is reported as 21? [Is].

The calculated percentage efficiency of the Fabry-Perof device to deflect

the beam to the f i rs t , second, third and fourth positions sire 51, i+5, 38 and

31, respectively [ l ] . Calculations show that the arrangement described in this

paper gives a percentage deflection efficiency of 5Ti ^8 and ^3 to the f i rs t ,

second and third order positions, respectively.
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(a) Portion of the electrode configuration.

(b) Variation of the percentage intensity in the first order

with the number of harmonics.

- " 3 -



80

40

% Intensity

zvc(y)

Fig.2

Variation of the percentage intensity of the orders with

voltage. +1, +2, +3 are positive orders. - 1 , -2, -3 are

negative orders.
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