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We present a tunable transmissive grating beam splitter for multiple laser line separation based on acousto-
optic interaction in tellurium dioxide. Acousto-optic devices are well known for light modulation, frequency shifting,
filtration or deflection. Unlike the classical operating modes of acousto-optic devices, we consider the simultaneous
diffraction of several optical wavelengths by a single ultrasonic frequency. The device is based on the Bragg
anisotropic interaction in the specific “tangent phase matching” configuration. The acousto-optic interaction takes
place with a single ultrasonic frequency and the diffraction efficiency remains high over a wide optical spectral
range. The different diffracted beams are then angularly well separated, due to the slow velocity of the ultrasonic
wave propagating in tellurium dioxide. The optical bandwidth is directly related to the operating ultrasonic
frequency. Numerical calculations were carried out to determine the main parameters of the device: operating
ultrasonic frequency, optical bandwidth, tunability range, crystalline cut and transducer length. A practical device
has been designed for visible spectrum. Experimental results are presented as for example a spectral bandwidth

Acousto-Optical Tunable Transmissive Grating Beam Splitter

from 450 nm to 550 nm with a carrier frequency fo = 125 MHz.
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1. Introduction

Acousto-optic devices are based on the diffraction of
optical beams by ultrasonic waves. These interactions
take place in specific crystals exhibiting good photo-
elastic properties. Among available acousto-optic ma-
terials, tellurium dioxide is truly remarkable due to its
highly optical and acoustical anisotropic properties lead-
ing to specific configurations of acousto-optic interac-
tion [1-3]. Acousto-optic devices are mainly used for light
modulation, frequency shifting, deflection, or optical fil-
tering [4]. In this paper, we present the investigation
process leading to a dynamic acousto-optic grating beam
splitter, based on the well know tangent phase matching
configuration (TPM) widely used in acousto-optic deflec-
tor [5]. The TPM configuration gives a larger spectral
bandwidth at the condition that both the incident opti-
cal angle and the ultrasonic frequency are well selected,
as shown in this paper.

The device can be considered as a dynamic transmis-
sive diffraction grating [6] and the operating principle is
depicted in Fig. 1. A single slow ultrasonic wave prop-
agating in a tellurium dioxide crystal interacts simulta-
neously with all the optical wavelengths of the incident
beam. The different diffracted beams are then angularly
well separated, due to the low velocity of the ultrasonic
wave. The proposed device operates with linear polar-
ized incident beams coupled to the extraordinary mode
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of the tellurium dioxide crystal. In order to maximize
the diffraction efficiency on a large spectral bandwidth,
computational simulations have been performed leading
to a specific design. Experimental results show that the
diffraction efficiency is higher than 60% in the spectral
range 450-550 nm. In the next section, we present the
basic concept of the grating beam splitter based on the
wave vector diagrams in a multi-wavelength anisotropic
interaction. The next section is then devoted to the nu-
merical calculations and the experimental measurements
obtained with a practical device.

AOD vg + 1,
—f—» \ Ve +fo
| a6,
Vi
vg +f;
fo = 125 MHz
Fig. 1. Operating principle of the acousto-optical grat-

ing beam splitter.

2. Wave vector diagram

The “tangent phase matching” acousto-optic configu-
ration in tellurium dioxide has been extensively detailed
in a recent paper [7] considering wave vector diagram,
phase mismatch, crystalline cut, bandwidth etc. In or-
der to illustrate the configuration of multi-wavelength
anisotropic interaction, we consider the simultaneous
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wave vector diagrams at different wavelengths in the vis-
ible range with a single ultrasonic shear wave propagat-
ing with an angular tilt from the [110] axis frequency
(Fig. 2). As for example, the phase matched interaction
(phase mismatch A® = 0) is established for the blue
wavelength Ag with the ultrasonic frequency fy (wave
vector K) and the incident angle 6;. For the green wave-
length g, with the same ultrasonic frequency fy and in-
cident angle #;, the interaction takes place with a given
phase mismatch. However, another phase matched inter-
action is obtained for the orange wavelength A\or. Fi-
nally, the phase mismatch also increases for red light Agr.
The diffraction efficiency rapidly decreases for higher op-
tical wavelengths and the same behavior occurs for lower
optical wavelengths as for ultraviolet light Ayy. Thus,
we obtain a spectral bandwidth with ripple depth crite-
ria as those usually found for the frequency bandwidth
of acousto-optic deflectors operating with a single opti-
cal wavelength. A precise selection of the couple (inci-
dent angle 0;, ultrasonic frequency fy) leads to classical
criteria of -3 dB or —0.5 dB bandwidth.
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Fig. 2. Wave-vector diagram of anisotropic interaction

in the tangential phase matching configuration for sev-
eral optical wavelengths and a single ultrasonic fre-
quency.

3. Numerical calculations and experimental
validation

The experimental setup includes several laser wave-
lengths issued from an argon laser (458, 476, 488, 496,
and 514 nm) combined with a 532 nm laser source.
The radio-frequency generator operates in a range start-
ing from 70 to 140 MHz. For clarity, Fig. 3a shows the
calculated diffraction efficiencies for three optical wave-
lengths 458, 496, and 532 nm and for #; = 5.48°. For
A = 458 nm a phase matched interaction occurs for a
single ultrasonic frequency (123.7 MHz). For the wave-
length A = 496 nm, two phase matched interactions are
possible (frequencies 95.5 MHz and 129 MHz) as well as
for A = 532 nm (frequencies 81.5 MHz and 125 MHz).
For experimental validation a single ultrasonic frequency

has been fixed fy = 125 MHz. A practical tellurium
dioxide acousto-optic device, based on usual AOD con-
figuration, has been specially built for the experiment by
AA Opto-electronic. The crystalline cut, corresponding
to the angular tilt of the slow shear wave from the [110]
axis is 7.5°. The transducer length W = 5.5 mm leads
to a frequency bandwidth from 70 to 140 MHz in the
TPM configuration. Figure 3b shows the experimental
measurements of the diffraction efficiencies for the three
wavelengths and a good agreement is obtained.

100 : ; :
90- }‘/ \ %y =532nm ,f/ \‘
j \: /

X

80~

70~
60
50

40+

Diffraction efficiency (%)

120 130 140
Ultrasonic frequency (MHz)

% 80 90 100 110

Fig. 3. Frequency bandwidth of the acousto-optic
grating beam splitter for three optical wavelengths: 458,
496, and 532 nm. (a) Numerical calculations; (b) exper-
imental measurements.
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Fig. 4. Photograph of the blue-green diffracted light
beams.

All the wavelengths have been tested simultaneously
and the photograph reported in Fig. 4 shows the corre-
sponding diffracted beams. As expected a large angu-
lar separation between the diffracted beams is obtained,
due to the low velocity of the ultrasonic shear wave
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(676 ms~1). The separation angle between the diffracted
beam corresponding to A = 458 nm and the one corre-
sponding to A = 532 nm is 1°. The measured diffraction
efficiency is higher than 60% for all the wavelengths.

4. Conclusion

In this paper, we have presented an original config-
uration for acousto-optic devices. It offers a new ap-
plication for acousto-optic deflectors, considering poly-
chromatic optical incident beam and single ultrasonic
frequency. This leads to a wideband tunable transmis-
sive grating beam splitter. The system is based on the
Bragg anisotropic acousto-optic interactions in tellurium
dioxide crystal. Acousto-optic interactions are based on
the well-known tangential phase matching configuration.
Usually used for angular deflection of a monochromatic
beam tuning of the ultrasonic frequency, it typically leads
to a wide frequency bandwidth, taking the advantage of
a low phase mismatch on a large frequency domain.

This paper shows that a similar behavior is predictable
in the spectral domain, according to a careful selection
of the incident angle and the ultrasonic frequency. In the
same way as for the frequency bandwidth of an AOD,
the spectral bandwidth can be fitted and selective rip-
ple criteria can be chosen setting optical beam incidence.
The device has been designed for a spectral bandwidth
starting from 450 to 550 nm with a —0.5 dB ripple depth.
Larger spectral bandwidths can be achieved with bigger

ripple depth criteria. Acousto-optic deflectors used as
dispersive elements present a wider angular separation in
comparison with conventional prisms or grating disper-
sive elements. Moreover, the Bragg acousto-optic inter-
actions imply only one diffraction order, leading to high
diffraction efficiency. It is a dynamic diffraction grating:
the intensity of the diffracted orders can be modulated.
The proposed configuration can be extended to any opti-
cal domain in the transparency range of tellurium dioxide
which is large from ultraviolet to infrared light beams.
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