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Abstract

We suggest acoustooptic deflector operating at two different light wavelengths.
Geometry of paratellurite crystal is chosen such that it simultaneously satisfies
the Bragg conditions at those wavelengths. This enables beam steering at either
of the wavelengths in the same predefined angular range. The wavelengths are
switched by means of changing the sound frequency, so that only one of the
wavelengthsis available at the output of the deflector at each specific moment of
time. A technique for calculations of parameters of the device is described. The
deflector has been successfully constructed and investigated experimentally.
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1. Introduction

Acoustooptic devices are the best choice for applications requiring spatial scanning of
laser beams. Acoustooptic deflectors have many advantages over electro-mechanical de-
vices, such as fast response time, high precision, and stability of a raster obtained. In the
fields of laser scanning microscopy and profilometry, measurements of surfaces of
specimens are usually performed over some predefined grid of points. In order to resolve
height ambiguity, there is a need in performing investigations of a given object at differ-
ent light wavelengths and at the same scanning points. For such a task one needs a device
capable of performing beam scanning and switching between the wavelengths.

Several constructions of bichromatic acoustooptic devices are already known,
though many of them have a number of limitations. Bichromatic deflector presented in
the work [1] requires additional correction lenses to superimpose rasters of different
wavelengths. Moreover, the above device performs simultaneous scanning of beams at
both wavelengths, though a sequential scanning is often needed. In another work [2], a
bichromatic light modulator has been described that uses a prism for recombining beams
of different wavelengths after diffraction. An acoustooptic device capable of wavelength
switching has been considered in the study [3], however it does not perform scanning of
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beams. Finally, all of these devices do not allow for scanning of objects under test with
the beam at one light wavelength at first and at a second wavelength afterwards.

Below we will develop an acoustooptic deflector that operates at two wavel engths of
light and also acts as a wavelength-switching device. A similar device enabling independ-
ent control of two wavelengths has been described in the recent study [4]. However, no
calculation details have been given there, so that justification of the cell geometry se-
lected by the authors still remains not obvious and, moreover, the control of different
wavelengths has been performed by separate ultrasonic transducers, which complicates
both construction and driving electronics of the device. In particular, in the current work
we analyse possibilities for satisfying the Bragg conditions at two wavelengths of light
and for using a single transducer to control them. The calculations are presented for the
case of deflector made on paratellurite (TeO,) and operating at the wavelengths of 632.8
and 785.0 nm.

2. Broadband acoustooptic diffraction

Usually acoustooptic deflectors are designed for operating at a single light wavelength.
The geometry of acoustooptic interaction depends on the wavelength, so any changes in
the working wavelength requires changing incident and deflecting angles. The incident
angle could be adjusted mechanically but this is not desirable. For the case of two-
wavelength operation we need a device, for which no mechanical readjusting is involved.
Unique properties of paratellurite allow constructing very efficient deflectors requiring
relatively low ultrasound power. The most used configuration is based on the off-axis
anisotropic Bragg diffraction [5]. A relevant geometry of acoustooptic interaction is de-
picted in Fig. 1.

[00]

Fig. 1. Geometry of anisotropic interaction

in the paratellurite. Lower-frequency (KI )
and higher-frequency (Kh) cases require

[110] : h
-~ different incident angles & and &,

T though they result in the same diffraction
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An input light (the wave vector k; ) interacts with a sound wave (K ) and produces a
diffracted wave (k4 ). For agiven direction of sound propagation there are two possibili-
ties for satisfying the momentum-matching condition. In the first case the wave vector
equation is given by ky = kih +K" and then the optical frequency is shifted up

Ukr. J. Phys. Opt. 2010, V11, Nel 29



PilgunYu.V. et a

(wy =@ +Q) to satisfy conservation of energy. In the second case the wave vector rela-
tionreadsas k4 = k! —K' and the optical frequency is down-shifted (wy =@ —Q). The

first configuration requires higher sound frequency due to the inequality |Kh |>|KI B

The both cases are possible at the same time, but only one is realised in the device by
proper orientation of the input light direction. We will distinguish between those versions
of device, which use higher and lower frequencies of sound, by labelling the variables

with a corresponding superscript (e.g., K " and K' ). Note than if we reverse direction of
the sound propagation, the optical frequency shift will change its sign but general charac-
teristics of the interaction will remain the same.

The lengths of the wave vectors k!, k! and k4 are constrained by angular depend-

ences of the refractive indices for ordinary and extraordinary waves in paratel lurite. When
dealing with the construction proposed by us, the incident light corresponds to the ex-
traordinary wave and the diffracted light to the ordinary one. Optical activity of the
paratellurite manifests itself when the light propagates very close to the optic axis [001],
so that we could assume the light to remain linearly polarised. The direction of the inci-
dent light should remain fixed and, therefore, we should decide which of the possible an-

gular values, 49,“ or 9,' , Will be actua for the device. Usually the smaller angle 9,' ispre-

ferred because it corresponds to lower ultrasound frequency.
The diffraction angle 63 may be controlled by changing the sound frequency Q.

The sound wave vector K is selected to be tangential to the optical wave-normal surface
27n,(0)/ A, so that even great changes in the K length would cause only small

deviation from the exact momentum-matching condition. The remaining discrepancy
is compensated by inevitable divergence of the sound wave. Therefore the angle of
the sound beam divergence 66, would determine the range of available light diffraction

angles.

Typical construction of our acoustooptic cell made on the basis of paratellurite is
shown in Fig. 2. The phase velocity of the sound wave is normal to the plane of trans-
ducer and directed at the angle 6, with respect to crystallographic direction [110]. The
sound energy flow vector does not co-
incide with the corresponding wave
vector, due to high acoustic anisotropy
present in the paratellurite crystals. The
deviation angle ¢ of the group velocity
is approximately equal to 50° if the
sound propagation angle 6, is about
8°. The size LxH of the transducer
would determine angular divergence of
Fig. 2. Sketch of our acoustooptic cell. the sound beam.
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Possible geometries of the acoustooptic interactions for two different light wave-
lengths are illustrated in Fig. 3. The interaction geometries differ for different wave-
lengths 4; and A, . Both the scale and the shape of the wave-normal surfaces vary, due to

dispersion. In the present work we use the same transducer for the both wavelengths and
so the direction of the sound propagation is the same.

A [007]
A <A, kdl=k:1_K|1

kd2=k:2—K'2

kdzzkih2+Kg

2n 2n N 2n 2n [110]

Fig. 3. Acoustooptic interactions for two different light wavelengths

To enable dual-wavelength operation, the Bragg condition should be satisfied at the
both light wavelengths simultaneously and therefore different angles of incidence &, and

6, arerequired for the first and the second wavelengths, respectively. In order to obtain

the required incident angles, the input laser beams should have different directions. How-
ever, this would complicate the construction and need additional tuning of the device. As
another option, a high-dispersive prism might be placed for separating different wave-
lengths of collinear laser beams. The crystal of paratellurite itself could act as such a
prism if itsinput face isinclined. Usually the crystal already has prismatic shape to make
incoming and diffracted light beams parallel. A prismatic construction has another advan-
tage: a zero-order diffracted beam leaves the acoustooptic cell in off-axis manner and the
latter beam may be easily blocked by a diaphragm. Inclination of the input face may also
be used to enable two-wavelength operation of the deflector. Incident laser beams are re-
fracted on the input crystal face and the light of different wavelengths is refracted at dif-
ferent angles, again due to dispersion in the paratellurite. This is why, if the inclination
angle S of the input face is chosen properly, it is possible to make refracted beams

propagate inside the crystal at angles needed for efficient Bragg diffraction at the both
wavelengths simultaneously. In the current work we just intend to examine how the con-
struction angle S and the internal angles of interaction should be chosen for constructing

atwo-wavelength deflector.
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3. Refractive indices of paratellurite

The paratellurite represents optically uniaxial crystal possessing optical activity and be-
longs to the point symmetry group 422. The refractive indices of the ordinary and ex-
traordinary raysin such crystals may be found [6] from the relation

(n* = nfo)(n* ~ng) = G, (1)
where ng and n,, denote the refractive indices respectively for extraordinary and ordi-

nary rays determined as if there were no optical activity, and G is the gyration coeffi-
cient. Solving Eq. (1) resultsin

1
nlzﬁ\/nlzo"'n%o “‘\/(”%0‘”120)2‘*‘4@2 : )

1
nz=ﬁ\/”120+n§o—\/(n§o—r‘120)2+462 : 3
with n; being the actual refractive index of the extraordinary ray and n, that of the ordi-

nary ray.
The wave normal surfaces for the uniaxial crystals without optical activity have
shapes of a sphere and an ellipsoid:

Nyo(0) =1y, (4)

Mo(6) = e , (5)
\/ngc032¢9+ nZsin®g

where 8 means the angle between the directions of light propagation and the optic axis,
and n, and n, the refractive indices of the ordinary and extraordinary rays peculiar for

the direction perpendicular to the optic axis.
The gyration coefficient also depends on the direction and may be calculated from
the gyration tensor components gj; taking into account the symmetry of our crystal [6]:

G(6) = g33€08° O+ Gy1 SiN° 0 = Gz + (11 — Ya3)SIN* 6. (6)

The gyration tensor component g5 is easily obtained from the optical rotatory

power R along the optic axis:
A
O33 = 2R, (7)
T
The dependences of the refractive indices nyand n, and the optical rotatory power
Rupon the light wavelength A4 may be accurately approximated by a two-oscillator
modé [7]:

FO F@
No=,[1+ ED2_g(1)2 + E@2_g(? (8)
_ R F&?
ne_ J“ EP?EGY B -EW ®
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2 2
_sw|__E@ @|__ EA a_he 0
o {E{”Z—EWZJ - (E{Z’Z—Eu)zj 0% 0

where h is the Planck constant, ¢ the free-space speed of light and e the elementary
charge. We have obtained the model parameters for the paratellurite after fitting the
model to the experimental data reported in the study [7]:

FD =2206 ev?, EY =924 ev, F? =2555 ev?, E? =470 ev,

F® =241.0 eV2, D —9.24 ev, F(? =34.20 eVZ, 2 -471 ev,
e e
() —0.8838 radxeV?/ um, EW —9.31 eV,
1
(2) — 0.08754 radxevzlum, E® =469 eV .
S 1

Using this model, we can find the n,, n, and gs3 values for the wavelengths inside
the range of 0.4-1.0 um.

The transversal tensor component g;; has not been established well up the present
time. Only a few sources provide some estimations for the paratellurite, which vary sig-
nificantly: g;; = (~7.1£0.8)x1073 [8] and gy; = (-3.0+2.1)x10™* [9] at 1 =632.8 nm.
However, our calculations show that the contribution of g;; term to the resulting n; and

n, vaues is negligibly small even for the largest reasonable term estimated as

011 =—8x1072. Indeed, the difference does not exceed 0.001% for the whole & range if
we compare the actual refractive indices to those obtained while assuming that g;; =0.

As seen from Eg. (6), for the small & values the major contribution to the gyration is
caused by gsz3. On the other hand, for the case of large angles @ the influence of bire-
fringence component (n3, —n&)? in Egs. (2) and (3) overwhelms the optical activity
contribution 4G2. This greatly complicates obtaining a correct value of g;; in any ex-
periment and explains why the exact g;; value has not yet been established.

4. Sound wave propagation in paratellurite

Dependence of the sound velocity of slow shear wave in the plane containing the direc-
tions [001] and [110] could be derived from the Christoffel equation in the following ex-
plicit form [10]:

Vy(6,) = \/%(%cosz O +CyySin? 9Aj , (12)

where ¢;; =557x10"° N/m? | ¢, =512x10"" N/m? and ¢,y =2.65x10"° N/m?

are the stiffness tensor components for the paratellurite and p =5990 kg/ m® the density
of the material.
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The difference between the directions of group and phase velocities may be easily
derived from the velocity dependence [11]
10 Vg

tanp=— ,
Y=V a 6,

(12)

resulting in

C1—Cpp+2 Cytanby
Note that, according to the current definitions, the angle of the sound propagation
6, and that of the optical dependence, &, are measured with respect to different axes.

(o=arctan((2 C44_Cll+012)tan0A]. (13)

5. Calculations of interaction geometry

Our deflector should enable controlling of diffracted beam by means of changing sound
frequency. While doing the latter, we have the length of the sound wave vector K also
changing and one can adjust the interaction geometry in order to change orientation pa-
rameters of the diffracted light. The magnitude and direction of the diffracted light wave
vector k4 is constrained by angular dependence of the refractive index n, (@) for the
ordinary ray. For satisfying the momentum-matching condition we should also adjust di-
rection of the sound wave to make sure that the wave vectors add up properly. As said
above, this small deviation in the sound direction is usually compensated by divergence
of the sound wave.

To satisfy the Bragg condition inside a wide region of deflection angles, the angle
6y describing the diffracted light should change in the region where the wave vector of
sound is tangential to the wave normal surface n,(8) for the ordinary ray. Then only
small deviation of the sound propagation angle from the origina orientation will be re-
quired. In other words, the angle 6, should change around some value 6, corresponding
to the spot where the sound vector touches the wave-normal surface tangentially. The an-
gle g, for the tangential spot could be found after solving the equation

a{ n, (GT)SiI’I@T} Siné?A + a{ N, (01') COS@T} co
06, 20,

In principle, the implicit function involved in Eq. (14) may be inversed numerically,
using any suitable method for finding function’s roots (e.g., the Newton’s method). How-
ever, numerical algorithms for calculating 6, might be avoided owing to the fact that the

wave-normal surface for the ordinary ray is amost a sphere. Deviation from a spherical
shape is substantial only for the light propagation directions very close to the optic axis
[001]. Taking into account that the sound wave is diverging, we have no need to find the
exact value of theangle 6, and may estimateit smply as 6, = 6, .

The angle 64 of light deflection depends on the sound frequency fg and varies

around the angle 6, . Then the angle 8, may be considered as a diffraction angle at some
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“central” sound frequency fy. All the construction parameters of deflectors are usually
calculated using this“ central” angle 6, , instead of true (varying) diffraction angle 6, .

We choose the angle of light incidence & so that it made the diffracted light propa-
gate at the angle 6, after interaction. Simple geometric considerations show that there are
two solutions for & . Writing down the expression for the tangent of 6,, one can find
them from the equation

(n(8)SiNG, ~1(8,)SinG, )sinb, + (M (6) cosg, - (6,) cos6, )cos, =0.  (15)

Solving Eq. (15) numericaly for 8 <6, and 6 > 6, gives us two values for the in-
cidence angle, 49,' and B,h . To obtain diffraction at a specified angle 6, , we should direct
the incident light at one or another angle. The difference is that the angle 9,' requires

lower sound frequency, while the angle 6}“ corresponds to higher frequency. Further-

more, the signs of the optical-frequency shift are opposite for these cases.
For afixed incident angle & , the diffraction angle 64 could differ from the value 6,

guessed initially. The actual diffraction angle 64 depends on the sound frequency fg and

this just enables operation of the device as a laser beam deflector. The sound frequency
and the desired deflection angle are related as

150,06 =S8 ()7 + 1y (67 - 20u(8 )6 00l — ) 9

my(6) cosé) - nzwd)cosedj
v (6)Sin6, —ny(6g)sinéy )
Here 65 represents the angle of sound wave propagation required for the case of

65(6,64) = —arctan( 17

given 6 and 64 . The angle 65 needed differs slightly from the sound-beam orientation
angle 6, , but the diffraction still occurs because of angular divergence of the sound. Us-
ing tangential spot &, asaninitial approximation for the diffraction angle 6 ensures that
the difference between 65 and 8, would be minimal for a wide range of deflection an-

gles.

The available range of diffraction angles depends on angular distribution of the
sound intensity. The angular spectrum of sound radiated by rectangular transducer may be
expressed as a sguare of function sinc(x) =sin(zx)/zx. The angular distribution of the

sound power [12] is determined by

PA(58) = POSinCZE Lv fs 595] , (18)
S

where 565 =65 — 6, is the angle of deviation from the direction of sound propagation
6,5, fs the sound frequency and L the length of the transducer. The first zeros of the
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function given by Eq. (18) correspond to angular width of the principal lobe of radiation
pattern.

The efficiency of the light diffraction depends directly on the sound intensity. There-
fore the avail able deflection range may be estimated from the zeroes of sound power dis-
tribution function. It should be taken into account that the sound radiation pattern depends
on the sound frequency. Moreover, it should aso be noted that only half of the sound ra-
diation pattern participates in the diffraction. For the smaller and larger light incident an-

gles (i.e, 6,' and 6*,“) these are parts with the positive and negative 665 values, respec-

tively. The minimal and maximal deflection angles may be found from zeros of the sinc
function by setting its argument to be unit:

Lfs(4, 6;)
Vs(6p)

Solving Eq. (19) numerically would give us some angles 49('1 min and 6?('1 max fOr the

(65, 6)~0n)=1. (19)

lower-frequency version of the device. When finding the same angles for the higher-
frequency version, Eg. (19) should be replaced by

Lis(@", 6y)
Vs(€a)

Again, solving Eqg. (20) would yield in parameters 9Qmm and Bg‘max searched for.

(6s(8", 62)—Oa)=-1. (20)

The corresponding region for the driving frequency fg may be estimated from the angles
obtained using Egs. (16) and (17).

6. Two-wavelength operation of deflector

Theangles 6 and g4 areinterna angles and describe light propagation inside the crystal.

The external angles of the input and output beams for areal device are determined by in-
clination of the input and output faces of acoustooptic cell. The input and output beams
should be collinear at the central frequency. To ensure this, we set the output face to be
normal to the diffracted light direction at the central angle 6, . Theinclination angle S of

the input face isto be set such that the refracted beam propagate inside the crystal exactly
at the angle & . Using the Snell’ s law, we have

ﬂzamtan( sin(6,—8) J (1)
cos(0p —6) — g/ M (8)

where ng istherefractive index of surrounding media (for the air we assume ng =1).

In the general case, the angle S depends on the light wavelength. Using relation-
ships given above we have obtained the S, and S, vaues for the wavelengths of

Jy=632.8 nm and A, =785 nm. The calculations show that the 4 and /3, values are

very close to each other. The angles ﬂlh and ,62h associated with the alternative geometry
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of diffraction are also ailmost the same (see Fig. 4). Because of small difference of 's
for the two wavelengths, the average value f,,= (8, + $»)/2 can be used when con-
structing a dual-wavelength device. In this case, there will be small detuning of the sound
orientation at the both wavelengths,

Abs =05(61,6;) —Op, Absy =65(62.6;) — O, (22)

where the angles 6, and 6, of light incidence differ for different wavelengths. The in-
ternal angles &4, 6, depend on how light enters the crystal and they are determined by
the input face inclination. According to the Snell’ s law, we get

ngsinf=my(4,6)sin(é -6+ f). (23)

Solving this implicit equation numerically for & , we will find the actual angles &, and
6, for theincident light at the both wavelengths for a given input face orientation 5 .

P, deg a A, deg b
02 }

] B, B han
;_ / 01 \ B2 1

5 4 6 8 10 12

_al 2 o

L GA’ eQ
_gtk B?ng -01 ¢t
12 k -02 L

Fig. 4. Dependences of input face inclination angles on the sound propaga-
tion direction for the two different light wavelengths and both lower- and
higher-frequency interaction geometries (a) and the corresponding plots for
the angular differences (b). The latter plots are presented separately since
the angles for different wavelengths are close.

Plots of the sound detuning AG'Sl, Ae'sz and Aegl, Aegz obtained for the two
wavelengths and the both possible diffraction geometries are presented in Fig. 5. Typi-
cally the angle of sound divergence 66, is much larger than the detuning angle Afg (cf.
Fig. 5 and Fig. 6). Then the two-wavelength operation should be possible almost for all
the sound orientations 6, whenever the input face inclination angle is chosen as sug-
gested above.

To obtain awide range of deflection angles, some divergence of the sound is heeded.
The minimal and maximal deflection angles are determined by the sound radiation pat-
tern. The maximal deviation of the sound wave vector 06 = 65 — 6, required for obtain-
ing full range of deflection is shown in Fig. 6. The plots in Fig. 6 have been calculated
from the relations for the boundary deflection angles 64 i, and Gy max » With assuming
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that the transducer’s lengthis L=2.5 mm . It is seen that the range of sound wave vector
deviation needed for operation of the deflector is much larger than the detuning Afg; and
A8 caused by inexact orientation of the input face (S, = (8, + 5,)/2). It is this fact
that enables us to construct the two-wavel ength deflector.

Aes, deg 8651 d%
| I _
0.03 N\ 29 2} 50,
0.01F ~\ _ S
0 é 0 1 /I -;- -I- P

_oo1Lk P M 2,74~ 6 8 10 12
—0.02F A0y / O, deg 50", /8 i 0, deg
—003F / —2f 1 %

Fig. 5. Sound detuning caused by inexact Fig. 6. Sound deviation needed for opera-
orientation of the input face as a function of tion of the deflector as a function of sound
sound propagation direction. propagation direction.

The diffracted light is refracted at the output face of the crystal and therefore the de-
flection angle is also affected by dispersion of the refractive index. The external angle of
the deflected beam after passing the output face may be expressed as

6, = arcs n[%d n(g, - eA)j . (24)

The ranges of deflection angles available are dlightly different for the wavelengths
used (see Fig. 7), the higher wavelength producing larger deflection range.

0, deg A, =785nm h
B — e e e exmax O'Xmax
2 —_—— I
i h 0
L A, =632.8nm Omax XM
0 L1 1 I L1l I L1l I L1l I L1l I L1l I
[ 2 4 6 8 10 12 9w
-ir ), =632.8nm o
_2 L \_____—____ xmin mein
—_—r—————— |
- A, =785nm 0y xmin

Fig. 7. Minimal and maximal deflection angles found from zeroes of the
sound radiation pattern as functions of sound propagation direction.

Since the angular range is estimated by the zeroes of the sound distribution function,
the useful deflection range (characterised by high enough diffraction efficiency) would be
nearly twice smaller than that depicted in Fig. 7. Interesting enough is the fact that the
available deflection range almost does not depend on the sound orientation angle 6, , if

only thesize L of the transducer remains fixed.
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The frequency range corresponding to deflection from the minimal angle to the
maximal one depends upon the light wavelength and the sound orientation angle 6, . The
6, parameters as functions of the sound frequency are depicted in Fig. 8 for the two light
wavelengths and different 8, . It is seen from Fig. 8 that there are regions with the same
deflection angle for different light wavelengths, which require different driving frequen-
cies. By choosing two non-overlapping frequency regions, we obtain the same deflection

range at the both wavelengths and simultaneously control appearing of one or another
light wavelength by changing the sound frequency.

A, =632.8nm
0, deg A, =632.8nm g  deg A,=785nm \
A, =785nm
2F ° N N 2 \\ 0, =12°
0 0,=120 O \
2 AT 2
2 2
0 %A=8° 0 \BAZSO
2 _2

2 2
0 0,=4° a 0 0,=4° b
) f, MHz

f,MHz -2
i AP IS EErErET B
0 50 100 150 =200 0 50 100 150 200 250 300 350

Fig. 8. Dependences of output angle on the driving frequency for several sound
parameters corresponding respectively to lower- (a) and higher-frequency (b) ver-
sions of the device.

0., deg 0,=79° B=37°

15
10
0.5
0
-05
-10
-15

A, =785nm

IIIII'_

A, =632.8nm

40 60 80 100 f,MHz
Fig. 9. Deflection angle as a function of driving frequency. Two non-overlapping
frequency regions with the same output angular ranges are highlighted.

In order to verify the proposed construction experimentally, we have manufactured
the actual device, using the working parameters 6, =7.9°, #=3.7°, L=25 mm and

H =8 mm. The resulting angular response of deflection for these parameters is pre-
sented in Fig. 9. By changing the frequency from 65 up to 80 MHz, we have obtained the

Ukr. J. Phys. Opt. 2010, V11, Nel 39



PilgunYu.V. et a

light diffraction on the larger wavelength (A, =785 nm). The frequency changes in the

region of 85-105MHz have resulted in the diffraction on the smaller wavelength
(A4 =632.8 nm), with the same angular deflection range. In this manner the wavelength
switching has been realised in the device, along with the light deflection. At some fre-
quencies, efficient enough diffraction is possible at the both wavelengths, though the de-
flection angle is outside a desired range. While eliminating the light of unneeded wave-
length, we have still to use adiaphragm.

To avoid the appearance of both wavelengths at the same time, another approach
could be used. The full deflection range could be made smaller by increasing the trans-
ducer’s length. This should narrow the sound radiation pattern and separate the working
frequency ranges, so that there would be no diffraction at the other wavelength of light.

7. Diffraction efficiency

The actual working range of the deflector is determined by the region where the diffrac-
tion efficiency is high enough for practical utilisation. The efficiency of acoustooptic in-
teraction is determined by photoelastic properties of the material. Taking into account
angular changes in the effective photoelastic constant [13] and elongation of the interac-
tion length due to oblique incidence of the light on the sound beam [13], one can express
the diffracted light intensity as

| =lysin?7, (25
where
3
p=2__ 05 Pal| Vs(0a) |y, ,C0s° 8 . (26)
A cos(Bp—6 +¢)\ 2H | V5(0)

Here M, =n®p?/ pv3 isthe figure of merit at 6, =0° and 8 =0°, ¢ the angle be-
tween the phase and group velocity vectors of the sound, P the sound power, L the
transducer’s length, and H the transducer’s width in the perpendicular direction. The

tabulated value M, = 793x107° s% kg may be found in [14].

sin’n sin’n
1F U p i BN . iy B B B ELELE ELLELE UL ;
08 a Jost b 3
0.6 Jo06F 3
04 J 04F ; 3
02 J 02F 3
0 .:;..A ““‘ ' Pl ) 0 T M r-‘f | PR B """ H
20 40 60 80 100 120 140 20 40 60 80 100 120 140
........... }\, :6328nm f,MHZ _ o f,MHZ
1 0,=79 B =1W
— 7\«2 =785nm B=3.7o

Fig. 10. Calculated (a) and experimentally measured (b) diffraction efficiencies for
the two different light wavelengths.
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The dependences of calculated and measured diffraction efficiencies on the driving
frequency for the configuration selected above are presented in Fig. 10. When compare to
the theoretical dependence, the experimental one involves a noticeable decrease in the
efficiency at lower frequencies, which reduces performance of the device on the second
light wavelength. This is caused by inherent band shape of the ultrasonic transducer,
which has been designed for the central frequency of 85 MHz and has the bandwidth of
40 MHz. The efficiency drop could be partially compensated owing to increasing driving
power of the transducer at lower frequencies. In general, any dua-wavelength operation
requires transducers to be matched for broader frequency range, contrary to single-
wavelength devices. This complicates both the transducer construction and the matching
circuits. In some cases special wide-band transducer matching [15] should be used in or-
der to obtain decent efficiency at the both wavelengths.

8. Conclusions

An acoustooptic deflector operating at two different wavelengths of light has been sug-
gested. The deviceis constructed so that the diffraction conditions are satisfied at the both
wavelengths simultaneously. Analysis of the conditions under which the two-wavelength
operation is possible has been given. A complete procedure for calculating the device pa-
rameters has also been presented. The device could perform beam scanning over the same
grid of points at the two light wavelengths. At the same time, it is capable of switching
between those wavelengths. The working wavelength may be selected by changing the
driving frequency, with no mechanical readjustment.

Two-wavelength operation has imposed some limitations, if compare to its
single-wavelength analogue. If the working wavelengths are close to each other, a full
separation of frequency bands is impossible, so that any undesired light outside the
working range of angles should be eliminated by a diaphragm. Moreover, the angular
deflection range available for the two-wavelength operation is smaller than that for the
single-wavelength case, athough here the same device performs switching of the
wavelength. If laser beams are switched on-off by some other means, the deflector is
capable of operating in the full angular range. The frequency band of the ultrasonic
transducer needed for the two-wavelength operation is broader than that for the
single-wavelength device.

Experimental verification has confirmed a possibility for constructing this dual-
wavelength deflector. Some degradation of the deflector’s performance observed in the
experiment at low sound frequencies is due to limited band shape of the ultrasonic trans-
ducer. Nonetheless, the device constructed by us has its advantage in combining deflec-
tion ability with awavelength-switching one. The diffraction efficiency achieved with our
deviceis as high asthat for single-wavelength devices. It is approximately equal to 80 per
cent for the both wavelengths within the angular deflection range used.

The considerations presented in this work may be used not only when constructing
acoustooptic devices that operate at different wavelengths but also for analysing
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off-the-shelf products in the conditions when one needs to change the working
wavelength. Let us finaly make the only example. It is known that the angular dispersion
may be accurately determined if the input light has a wide spectrum, due to ultra-short
pulse duration. This angular broadening of the diffracted beam has already been observed
in the experiments [16] and, what is more, the current results could be useful when con-
structing the corresponding compensation system.
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Anomauin. 3anpononosano aKycmoonmuyHui 0eieKmop, wo npayroe Ha 080X 00BXHCUHAX XGUIb
ceimna. I'eomempiro kpucmana napamenypumy o6paHo makx, wob OOHOUACHO 3A0060TbHUMU
ymoeu Bperra na o6ox oOoexcunax xeuns. Lle Oae 3moey ompumamu ioxuneHHs ceimia moi
Yy THUWOT 008XCUHU X6UTE 8 OOHAKOBOMY Kymoeomy dianazomi. Ilepemurants misc 0o6rcuHamu
X6unb 8i00Y8AEMbCA 3 PAXYHOK 3MIHU 4aCMOmMU 36YKY, MOMY 8 NeBHULl MOMEHM Yacy HA 6UxXo0i
Oegiexmopa npucymue cimno auuie 0OHI€l 008dCUHU X8uni. Y pobomi npedcmasieHo mMemoo
PO3PAxyHKy napamempie maxoeo npucmpoio. Bionoeionuil degrexmop eueomoeieHo ma 00Ciui-
024CEHO eKCnepUMEHMANbHO.
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