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Calculated and measured ratios of the on-axis
intensity at time £ to that at =0 for several of the
cases investigated experimentally are shown in
Fig. 3. For the parameters corresponding to the
experimental conditions the approximate solution
given by Eq. 6 is good for pressures down to
about 50 Torr. The values of the smallness para-
meter K,I; are sufficiently large for lower pres-
sures that the expansion to second order is no
longer adequate and a numerical integration of
Eq. 4 has been used. The intensity error bars on
the experimental data points are the standard de-
viations determined by the precision of the mea-
surements from the scan photographs. Not in-
cluded is the uncertainty resulting from fluctuations
in laser power at the entrance to the absorption
cell. These graphs show an agreement between
the experimental data and the approximate eikonal
calculations for the on-axis intensity which is sur-
prisingly good quantitatively in view of the exper-
imental evidence regarding the validity of the par-
axial approximation throughout the propagation
path.

In summary, we have experimentally observed
the time-dependent distortion of the intensity dis-
tribution of a 10.6-1 beam resulting from thermal
blooming and convective mass flow as it propagates
through CO, gas. An approximate solution for the
expected intensity distribution based on an eikonal
treatment made in the paraxial limit has been ob-
tained for the early times when thermal blooming

is dominant. In spite of the experimental evidence
that the paraxial approximation is not valid over
the entire propagation path for the times of inter-
est, good qualitative agreement between the exper-
imental and calculated intensity distributions has
been observed. Furthermore, comparison of the
time dependence of the experimental and calculated
on-axis intensities shows good quantitative agree-
ment, Further investigation of the intensity distri-
bution resulting from thermal blooming is contin-
uing.

The authors wish fo express their appreciation to
K.H, Wrolstad, M. Applegate, and B. Trebilcock
for their assistance in this investigation.
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The paper describes a CaMoO, transmission-type acousto-optic filter. Tuning from about
6700 to 5100 A is obtained by changing an acoustic frequency from 40 to 68 MHz. The filter
bandwidth is 8 A at an f/6 aperture. 95% transmission is obtained at an acoustic power den-~

sity of 69 mW/mm?,

This letter reports experimental results on a
traveling wave nonresonant version of the electron-
ically tunable acousto-optic filter. "2 The filter
makes use of CaMoO,, ¥* which, as a result of its
relatively small birefringence® (An = 0. 01) and low
acoustic shear velocity® (V=2.95%10° cm/sec) al-
lows the visible spectrum to be tuned by changing
the frequency of an incident acoustic wave from

about 40 to 100 MHz. The half-power bandwidth of
the filter for a crystal length of 3.5 cm is about
8A (at 6328 4), and 95% peak (corrected) transmis-
sion has been obtained at an acoustic power den-
sity of about 60 mW/mm? and an aperture of about
£/6.

The construction of the filter is shown schemati-
cally in Fig. 1, and allows an incident optical wave

223

Downloaded 19 Jun 2008 to 171.64.84.78. Redistribution subject to AIP license or copyright; see http:/apl.aip.org/apl/copyright.jsp



VOLUME 17, NUMBER 5

APPLIED PHYSICS LETTERS

1 SEPTEMBER 1970

LiNbOy SHEAR WAVE TRANSDUCER

INPUT

BEAM
\Hh: N

POLARIZER

TRANSMITTED
SIGNAL

ACOUSTIC
TERMINATION  ana | v2£R

a AXIS

¢ AXIS

FIG. 1. Schematic of CaMoO, acousto-optic filter.

and an acoustic shear wave to propagate collinearly
down the a axis of the CaMoO, crystal. The
acoustic shear wave is polarized along the ¢ axis
of the crystal and acts through the p; photo-elas-
tic coefficient to couple or diffract light from one
polarization into the orthogonal polarization.” At
a given acoustic frequency, only light in a small
band of frequencies satisfies % vector matching
and is cumulatively diffracted and transmitted
through the output analyzer. As shown in Fig. 1,
the incident acoustic shear wave is brought in
through a LiNbQ, shear wave transducer® and is
reflected at a 45° interface to travel collinearly
with the light, Since a CaMoQ, air interface has
a critical angle of 30°, in order to bring the
acoustic wave in at a right angle, it is necessary
to use an optical index matching oil. This oil
(Cargille No. 42, n=1,63) has a sufficiently low
acoustic impedance that the acoustic shear wave
is in essence completely reflected at the inter-
face. The acoustic wave is terminated with an
epoxy and brass load. At the output interface of
the CaMoQO, crystal there is a small double re-
fraction angle (about 0.8°) between the orthogo-
nally polarized acoustically diffracted and the un-
diffracted portions of the incident beam. The
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FIG. 2. Optical wavelength versus acoustic
frequency.
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FIG. 3. Corrected transmission versus optical wave-

length. True transmission is obtained by multiplying the
corrected transmission by 0.78.

CaMoQ, crystal was 3.5 cm long and the LiNbO,

transducer had a diameter of 3 mm. The LiNbO,
transducer had a half-power band pass of 20 MHz
and a center frequency conversion loss of 7.5 dB.

The experimental tuning curve of the filter, as
a function of the acoustic frequency, is shown in
Fig. 2. Further tuning was limited by the band-
width of the acoustic transducer, and is in princi-
ple possible over the transparency range of the
material (0.4-—4.5u).

The transmission of the filter versus optical
frequency is shown in Fig. 3 for operation at dif-
ferent electrical powers. For these measurements
the filter was tuned to 6328 A, at which frequency
the acoustic transducer was designed to center,
and peak transmission was measured with a He-Ne
laser. The shape of the pass band was then mea-
sured with a mercury arc source and a Spex mono-
chromator. Since the components of the filter
were not antireflection coated, the transmission
scale of Fig. 3 was corrected to account for opti-
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cal losses. True transmission is obtained by mul-
tiplying the corrected transmission by 0.78. For
cw operation the highest corrected peak transmis-
sion which could be obtained was about 48% (37. 5%
measured transmission). Above this level, heating
from the acoustic transducer would broaden the
band pass and reduce the efficiency. Under pulsed
conditions about 95% corrected peak transmission
could be obtained. The average filter rejection
against optical wavelengths far removed from
band center was about 43 dB. The shape of the fil-
ter band pass was found to be insensitive to optical
angular aperture until the external geometrical
aperture of about f/6 was reached. Theoretically,
an optical aperture of f/5 should result in about a
25% broadening of the half-power band pass.®
Based on our acoustic transducer loss, the mea-
sured transmission, necessary electrical power,
crystal length, and transducer area, we estimate
the photo-elastic constant p,s=~0.06. This value is
somewhat uncertain since at these low acoustic
frequencies the near field of the acoustic trans-
ducer extended over the full length of the CaMoO,
crystal and resulted in both transverse and longi-
tudinal variations in the acoustic intensit '° This
value of p,; implies that 100% transmission for a
5-cm-long crystal at 5000A should be obtainable

at an acoustic power density of 20 mW/mm?.

The authors gratefully acknowledge Bob Griffin
and Forrest Futtere for the fabrication and bond-
ing of the acoustic transducers; and thank John
Larson and Jim Young for many helpful sugges-
tions and comments.
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Velocities and attenuations of piezoelectric leaky surface waves in LiNbO; are computed.
As the result, we have found that the effective electromechanical coupling coefficient of the
leaky surface wave propagating along the x axis of the 64° rotated y-cut plane is very large,
Ki= 0.113; and by radiating the energy into the solid this wave attenuation is 0.36 dB/wave-
length for the free surface and goes to zero for the metalized surface.

Recently LiNbO; crystals have received much at-
tention because they have a low-acoustic surface
wave attenuation and a large electromechanical
coupling coefficient. Therefore, delay lines with
small insertion logses and surface wave amplifiers
with a large gain in combination with suitable
semiconductor materials are expected, as seen in
several references. ’> Campbell and Jones® dis-
cussed optimum crystal cuts and propagation di-
rections for an effective coupling of LiNbO; which
is based on the computation of the difference be-
tween a velocity of the surface wave in a free sur-
face and that in a metalized surface. On the other
hand, the investigation of the leaky surface wave
consists of coupled modes involving terms decay-

ing beneath the free surface and a term repre-
senting a bulk wave radiating into the solid.

Here, we report the computation results for the
leaky surface wave coupled piezoelectrically in
LiNbO;. The values of the elastic and piezoelec-
tric constants of LiNbO; were taken from the work
of Warner, Onoe, and Coquin.® The calculated ve-
locities are significant to 0.01 m/sec, and the at-
tenuation to 107 dB/ wavelength. We consider the
waves propagating along the X axis of the rotated
Y-cut plane. Figure 1 shows curves of velocities
versus rotating angle for two transverse waves,
Rayleigh wave and a leaky surface wave. In this
figure the solid line indicates the velocities of the
surface wave in the free surface adjoining vacuum
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