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Picosecond Holographic Grating Generation of
Ultrasonic Waves

MICHAEL D. FAYER

Abstract—The pit‘tiéecund holographic grating generation and detéc-
tion of ultrasonic waves are described. Two mechanisms, a heating
mechanism and a stimulated Brillouin scattering mechanism, are de-
scribed. These permit the generation of tunable ultrasonic waves in the
MHz to GHz range. It is demonstrated that the two mechanisms can
be distiﬁgu{shed by the distinet time dependence:; of the diffraction of
a variably delayed probe pilse from the acoustic gratings. In addition,
the acoustic waves can be optically manipulated, i.e., amplified, can-
celled, and phase shifted. The use of the technique for the detection of
weak ground state absorptions and excited state-excited state absorp-
tions is illustrated. Mixed excited state and acoustic gratings are dis-
cussed. The phase grating contribution to diffraction from an excited
state grating is displayed, and the interference between the acoustic
phase grating and the excited state phase grating is described and ex-
perimentally illustrated. Contributions to the acoustic grating diffrac-
tion from spectral shifts when the probe is near a strong, narrow tran-
sition are considered. Grating experiments on various phases of liquid
crystal thin films are presented. It is shown that in addition to an
acoustic grating, a Kerr effect grating is produced. The Kerr grating
can be separated from the acoustic grating using polarization grating
excitation. The Kerr grating reveals nonexponential relaxation of ori-
entation order in liquid crystals on a short time scale (<1 ns).

I. INTRODUCTION

PTICAL generation of ultrasoni¢ waves has been of

interest to workers in nonlinear optics, acoustics, and
condensed matter spectroscopy for some time [1], [2]. The
interaction between light and material acoustic fields is of
interest in its own right; furthermore, efficient light to ul-
trasound conversion holds promise for a variety of sci-
entific and practical applications. In particular, it has been
recognized for over a decade that four-wave mixing tech-
niques can be useful in the investigation of theé acoustic
properties of condensed matter [2]. _

In this paper, a convenient method for optical excita-
tion of coherent acoustic waves in transparent or light-
absorbing liquids and solids is described [3]-[5]. The
acoustic frequency can be continuously and easily varied
from about 30 MHz to 30 GHz with the current experi-
mental apparatus, and a considerably wider range should
be possible. The method can be extended to the excitation
of optical phonons in the THz frequency range [6]. Once
generated, the ultrasonic waves can be optically cancelled
(turned off), amplified, or phase shifted [3]. In aniso-
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tropic media (crystals, liquid crystals, stretched films,
etc.), any propagation direction can be selected.

In addition, acoustic wave grating experiments used to
measure a wide variety of physical and spectroscopic
properties of systems in condensed phases are discussed.
The technique, which is called laser-induced phonon
spectroscopy (LIPS), is used to detect very weak ground
state absorptions [7] and to detect excited state—excited
state absorptions [8]. The influence of an acoustic wave
grating on the diffraction from an electronic excited state
grating is considered [9]. LIPS is ideally suited for the
measurement of optoelastic constants, elasticity parame-
ters, and acoustic attenuation [7]. In particular, measure-
ments on liquid crystals are discussed [10], [11]. In the
liquid crystal experiments, it is demonstrated that a Kerr
effect polarization grating can be separated from the
acoustic wave grating, and thus both translational and ro-
tational dynamics can be studied.

The LIPS technique is illustrated schematically in Fig.
1 and works as follows. Two picosecond, time-coincident
laser pulses intersect inside the sample, setting up an op-
tical interference pattern, i.e., alternating intensity peaks
and nulls. Energy deposited mlo the system via optical
absorption [3], [4] or stimulated Brillouin scattering [3],
[5] results in the launching of counterpropagating ultra-
sonic waves (phonons) whose wavelength and orientation
match the interference pattern geometry. The acoustic
wavelength d is given by

. d = A 1

2 sin (8/2) )

where \ is the wavelength of the excitation pulses and 6
is the angle between them (see Fig. 1).

The acoustic wave propagatlon which continues long
after the excitation pulses leave the sample, causes time-
dependent, spatially periodic variations in the material
density, and sifice the sample’s optical properties (real and
imaginary parts of the index of refraction) are density de-
pendent, the irradiated region of the sample acts as a Bragg
diffraction grating. This propagation of the optically ex-
cited ultrasonic waves can be optically monitored by time-
dependent Bragg diffraction of a variably delayed probe
laser pulse.

The mechanism by which LIPS ultrasonic waves are
generated depends upon whether the sample is optically
absorbing or transparent at the excitation wavelength, If
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