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W. Schilz
Philips Zentrallaboratorium GmbH, Hamburg-Stellingen, Germany
(Received 20 November 1967)

In this Letter we present what we believe
to be the first conclusive demonstration of hel-
icon-phonon coupling in a semiconductor for
both longitudinal and transverse acoustic waves.
The experiments were carried out in PbTe
single crystals at T=4.2°K. Strong coupling
between these two waves is to be expected on
theoretical grounds'™ in the crossover region
of the two dispersion curves, where the phase
velocities are equal. This coupling was first
demonstrated experimentally in potassium by
Grimes and Buchsbaum.® With the parameters
typical of n-PbTe at 4.2°K (electron concentra-
tion n~10*® em ™3, mobility u~107°% cm?/V sec),
the coupling region can be reached with uB
>10 (B=magnetic field strength) in the frequen-
cy range 500-1000 kHz.

In the present experiment, a resonant system
was used (see Fig. 1) comprising two A/2 quartz
transducers attached to the surfaces of a thin
PbTe sample which also exhibited a A/2 acous-
tic resonance at the same frequency, and two
crossed coils wound directly around the sam-
ple for excitation and detection of helicons.

By applying a suitable magnetic field B, the
helicon resonance frequency was tuned to the
fixed acoustical resonance frequency.

With this arrangement, three types of exper-
iments have been performed: (i) Phonon-pho-
non transmission (signal input, transducer 1;
signal output, transducer 2). Fig. 1 shows the
acoustic frequency response of the total sys-
tem. (ii) Helicon-helicon transmission (input,
coil 1; output, coil 2). (iii) Helicon-phonon
transmission (input, coil 1; output, one trans-
ducer). The generation of phonons due to hel-
icon excitation is shown by curve b of Fig. 1.

In the third experiment, the second coil was
used to monitor the input power so as to keep
constant the helicon resonance amplitude with-
in the sample. It should be noted from Fig.

1 that there is a slight difference of about 0.5%
between the frequency of maximum phonon-pho-
non transmission and maximum helicon-pho-
non transmission. Whether this splitting is
due to a deformation of the dispersion curves
near the crossover point cannot be unambig-
uously decided at present.
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By these experiments, we have demonstrat-
ed bulk generation of ultrasound by helicon waves
clearly distinguished from the direct electro-
magnetic excitation (DEE) at the surface of
the samples as reported previously.®” This
is supported by the following observations.

(a) In contrast to DEE, which leads to a lin-
ear increase of the sound amplitude with the
static magnetic field,® the point of maximum
helicon-phonon coupling is always given by
Uphonon =%helicon, i.e., at the simultaneous
A/2 resonance of the helicon wave and the sound
wave, as shown in Fig. 2. Here the helicon-
helicon and the helicon-phonon transmission
curves, taken at the (fixed) frequency of max-
imum helicon-phonon transmission, are plot-
ted as a function of the magnetic field strength.
The parameter in Fig. 2 is the angle ¢ between
the magnetic field direction and the wave vec-
tor k of the helicon wave. The magnetic field
of maximum phonon excitation coincides for
all angles up to 67.5° with the helicon resonance
field. The angular dependence of the latter,
which under isotropic conditions would be B, !
~cos¢, shows in PbTe a slight anisotropy which
has been studied both theoretically and exper-
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FIG. 1. Frequency response of the acoustic transmis-
sion (curve ) and the helicon-phonon transmission
(curve b: signal input, one helicon coil; signal output,
one transducer) of the resonant system.
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FIG. 2. Amplitude of the helicon-phonon transmis-~

sion (solid curves) and helicon resonance curves (brok-

en curves) versus magnetic field strength at various
angles ¢ between the directions of the magnetic field
and the helicon wave vector.

imentally.®

(b) In addition to the fundamental A/2 reso-
nance at B=B,, the helicon resonance curves
exhibit 3x/2 resonances at B~B,/9 (the bro-
ken curves in Fig. 2). Although we have at this
point simultaneous helicon and phonon resonance
at the same frequency, there is no correspond-
ing peak in the phonon amplitude curve, which
clearly demonstrates that the coupling is very
weak. This is just what is expected for bulk
helicon-phonon coupling, because with this mag-
netic field the helicon velocity is only % of the
phonon velocity, and the momentum mismatch
prevents phonons from being generated.

(c) The peaks in the helicon-phonon transmis-
sion curves are always narrower than the hel-
icon resonance curves, as shown, e.g., in Fig.
2, the ratio of the half widths being about 0.70
for ¢ values up to 50°. The narrowing of the
helicon-phonon transmission curve is presumed
to be caused by the magnetic field dependence
of the helicon-phonon coupling which is max-
imum at the crossing point B=B,.

In contrast to previous work which concerned
only transverse sound waves, the results dis-
cussed above have been obtained for both lon-
gitudinal and transverse sound waves in sam-
ples of various crystallographic orientation
and carrier concentration.!® Strong differenc-
es occur in the angular dependence of the am-
plitude of the longitudinal and transverse sound
waves. In Fig. 3 the maximum amplitudes of
the two acoustic modes, measured at constant
helicon resonance amplitude, are plotted (in
arbitrary units) as a function of the angle ¢.

In these measurements the wave vector was
parallel to the (111) crystal axis. Samples of
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FIG. 3. Maximum amplitude of the transverse and
longitudinal sound waves generated by helicon coupling
versus angle ¢ between magnetic field direction and
helicon wave vector, measured at constant helicon res-
onance amplitude.

other crystallographic orientation and carri-
er concentration show qualitatively similar
results which will be dealt with in detail in a
forthcoming paper.
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Ycoupling of helicon waves to both longitudinal and
transverse sound waves at oblique magnetic fields in
metals has been predicted theoretically by V. G. Skobov
and E. A, Kaner, Zh. Eksperim. i Theor. Fiz. 46, 273
(1964) [translation: Soviet Phys.—JETP 19, 189 (1964)].
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