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We demonstrate the electric tuning of the acoustic field in acoustic microcavities (MCs) defined by
a periodic arrangement of metal stripes within a surface acoustic delay line on LiNbO;5 substrate.
Interferometric measurements show the enhancement of the acoustic field distribution within a
single MC, the presence of a “bonding” and “anti-bonding” modes for two strongly coupled MCs,
as well as the positive dispersion of the “mini-bands” formed by five coupled MCs. The frequency
and amplitude of the resonances can be controlled by the potential applied to the metal stripes.
© 2012 American Institute of Physics. [http://dx.doi.org/10.1063/1.4730398]

The semiconductor superlattices' enables the ad hoc
design of electronic wave functions in a solid by allowing
the fabrication of complex architectures in which the cou-
pling between electronic states can be externally tuned using
an external bias. Perhaps one of the most striking examples
of this concept are quantum cascade lasers,” whose sophisti-
cated wave function engineering leads to light amplification
through intersubband transitions. The exploitation of struc-
tural modification for coupling control has also been
extended to other solid-state elementary excitations. Exam-
ples are photonic “molecules” based on photonic cavities® or
THz acoustic amplification by stimulated emission in biased
phononic superlattices.* In the case of surface acoustic pho-
nons, we have recently demonstrated the presence of
Wannier-Stark ladders and Landau-Zener tunneling in
coupled phononic cavities.” In this Letter, we take advantage
of the planar geometry of this approach to perform a detailed
investigation of the acoustic field distribution of coupled
acoustic microcavities (MCs) by means of interferometry.
We then show that the acoustic field distribution can be elec-
trically tunned by controlling the potential of the MC
electrodes.

The experiments were carried out using surface acoustic
wave (SAW) delay lines on a 128°-rotated Y-cut LiNbOj;
substrate [see Fig. 1(a)]. The split-finger aluminum interdigi-
tal transducers (IDTs) of the delay lines were designed for
an acoustic wavelength 4 = 11.2 um, which corresponds
to a center resonance frequency of approximately
fsaw =~ 340 MHz. The coupled MCs were fabricated by
depositing NiCr/Au gratings with thicknesses 7= 10/110 nm
within the SAW delay lines. The acoustic contrast between
the metal-free and metal-coated region results from the me-
chanical loading as well as the screening of the piezoelectric
potential underneath the metal stripes. We have investigated
four different grating structures: a bare Bragg reflector (BR),
a single cavity (SC), two coupled cavities (2C), and five
coupled cavities (5C). Each BR consists of 20 1/4 stripes
(corresponding to a width of 2.8 um) separated by a 1/4
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free-surface LiNbOj spacing. The bare BR investigated is
6-fold longer than the individual BRs used to define the MCs
[cf. Fig. 1(a)]. In all MCs, the spacers in-between the two
BRs were nominally 37/2 wide. The metallic stripes could
be either electrically isolated from each other or short-
circuited all together in order to control their acoustic
properties.

The solid lines in Fig. 2 compare the acoustic transmis-
sion through the different structures with floating (a) and
short-circuited (b) stripes measured using a network ana-
lyzer. The BR introduces a transmission stop band in Fig. 2
while the SC creates a transmission resonance within this
stop band. The strong coupling in the double MCs (2C) leads
to the appearance of two transmission resonances at low fre-
quency (LF) and high frequency (HF).® The structure with 5
cavities (5C) displays five resonances within the stop band
with frequency separation much smaller than for the 2C. Due
to the periodicity and the strong coupling between the

BR BR BR BR BR BR

(b) Laser

= SAW

FIG. 1. (a) Micrograph of a sample with five coupled microcavities (5C)
defined by metal stripes forming Bragg reflectors (BRs). The SAWs are
excited by the interdigital transducer IDT, and detect after propagation
through the MCs by IDT,. (b) Michelson interferometer used to probe the
time-averaged squared amplitude of the vertical particle displacement
((u'.)) along the surface of the sample.

© 2012 American Institute of Physics
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(a)

FIG. 2. Experimental (solid lines) and calcu-
lated (dotted lines) transmission spectra for a
set of grating structures with floating (a) and
short-circuited (b) stripes. From top to bottom,

they correspond to a 120-stripes BR, a SC, two
coupled cavities (2C), and five coupled cav-
ities (5C). SB and HT stand for stop-band and
high transmission, respectively. LF and HF
correspond to upper and lower double cavity
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cavities, these resonances form a mini-band with frequency
separation smaller than their individual width.

The acoustic contrast between the metal-coated and
metal-free regions on a LiNbOj; substrate has been discussed
in detail in Ref. 7 and depends on the mechanical loading
introduced by the stripe (this includes the mass and stress
loading effects) as well as on the piezoelectric screening due
to the metal coating for shorted-circuit gratings. For strong
piezoelectric materials such as the case of LiNbOs;, the
reflection coefficient under floating condition (for the ratio
h/2 = 0.01) displays the opposite phase and is larger than
the one for short-circuit configuration. These effects are
readily seen by comparing the transmission for floating and
shorted MCs in Figs. 2(a) and 2(b), respectively. In the latter,
the width of the stop band reduces due to the lower contrast
while the frequency of the resonances decreases by approxi-
mately 1.6%. These results demonstrate the electrical tuning
of the acoustic response of the coupled cavities.

The dashed lines in Fig. 2 display transmission spectra
calculated using the model described in Ref. 5. In the calcu-
lations, we assumed the reflection coefficient of short-
circuited stripes to be reduced by 50% in comparison to the
ones for floating stripes discussed in that work. In all cases,
reasonable coincidence is observed between theory and
experiments, with an overall excellent agreement for the
short-circuited case. The larger attenuation presented by the
floating electrodes is attributed to coupling to higher fre-
quencies shear modes within the gratings.8

A major advantage of the MC planar geometry is the
possibility of accessing the acoustic field along the struc-
tures. Figure 1(b) sketches the microscopic Michelson inter-
ferometer used to that purpose. Here, the reflection of a
532nm single-mode laser beam focused onto an approxi-
mately 1-um spot on the surface of the sample interferes
with a reference beam at a fast photodiode. By means 2of a
spectrum analyzer, we detect the photodiode signal (u/z> at
the first side band of the SAW frequency, which is propor-
tional to the time-averaged squared amplitude of the verti-
cal particle displacement (u?) modified by the optical

"320 330
Frequency (MHz)

340 350

reflection of the metal stripes. Spatial profiles were obtained
by scanning the laser beam along the surface of the sam-
ples. A Rayleigh SAW induces both vertical and horizontal
vibrations of the surface. Interferometric measurements on
a flat surface normally probe the vertical surface displace-
ment, which oscillates at the SAW frequency fsaw and
increases with the surface reflectivity. In the stripe regions,
however, the interfaces between the metal-coated and
metal-free regions induce an additional contribution to the
interferometric signal at the same frequency fsaw, which
cannot be disentangled from the vertical motion. In the cal-
culated profiles, we have convoluted the calculated field dis-
tribution using the method described in Ref. 5 with the static
reflectivity profile of the gratings before comparing the simu-
lations with the experiments. These profiles, however, do not
take into account the effects of the in-plane motion induced
by the SAW.

Figure 3(a) compares interferometric profiles for the
bare BR measured within the transmission stop band (SB)
and obtained at a high transmission (HT) frequency, as indi-
cated by the arrows in Fig. 2(b). The dash-dotted vertical
lines indicate the edges of the BR grating and separate the
profiles in three regions. The center portion comprises the
grating itself while the left and right sides correspond to the
region closer to the source (IDlein Fig. 1) and detector
(IDT5). Outside the stop band, (u.) is approximately con-
stant at both sides of the BR, thus indicating a high SAW
transmission through the structure. Within the central region,
the formation of a constant-amplitude standing wave is eas-
ily demonstrated by the presence of nodes in (u'.) with 1/2
periodicity. The apparent increase in (u/z> within the BR is
an experimental feature caused by the higher reflectivity of
the metal stripes relative to the bare LiNbOj; surface. In con-
trast, when the excitation frequency is at the centzer of the
stop band [SB in the upper panel of Fig. 3(a)], (u.) decays
exponentially within the BR and the transmission vanishes.
Furthermore, a standing wave forms in the region between
the source IDT and the BR due to the high grating reflectiv-
ity at this frequency.
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Figure 3(b) shows (uf) for the SC with floating (lower
panel) and shorted stripes (upper panel). The reduction in
acoustic impedance contrast induced by short-circuiting the
stripes has pronounced effects on the field distribution. First,
the enhancement of the acoustic fields around the MC spacer
is less pronounced for the short-circuited MC than for the
floating one. The increase of the envelop of the acoustic field
due to confinement in the central region of the structure is
clearly observed in the case of the floating grating. As men-
tioned before, the smaller signal at the cavity region is due to
the low reflectivity of the LiNbO; surface. Second, there are
significant changes in the standing wave field pattern within
the spacer, as demonstrated by the zoomed profiles of Fig.

Position (um)

3(c). Here, the node observed at the center of the spacer for
floating electrodes turns into an anti-node when the stripes
are short-circuited. The latter is attributed to the change in
the sign of the acoustic reflection coefficient when the gra-
tings change from floating to short-circuit configuration.

In the case of two nominally identical cavities with
floating electrodes, the field distributions for both LF and HF
modes are shown in Fig. 3(d) for floating cavities. These
modes have different symmetries. Both cavities vibrate in
phase for the LF mode, leading to a field maximum in-
between the cavities (“bonding” mode). For the HF mode, in
contrast, the two cavities vibrate out-of-phase, thus creating
a field node in-between them (“anti-bonding” mode). For
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both frequencies, the measured profiles are well-reproduced
by convoluting the calculated field profiles with the optical
reflectivity of the NiCr/Au and bare-LiNbO; regions, which
are shown in Fig. 3(e).

Finally, Figs. 4(a) and 4(b) compares measured and cal-
culated (u.) profiles, respectively, for five coupled MCs
with floating electrodes. They were obtained for excitation
frequencies corresponding to the 5 maxima of the Fabry-
Perot oscillations in the transmission experiments of Fig.
2(a). The evolution of the field distribution demonstrates the
positive dispersion of the transmission mini-band investi-
gated. In other words, the eigenfunction of the lowest eigen-
frequency corresponds to a mode with the smallest
wavevector, as it is sketched in Fig. 4(c) for the envelop of
u,.

In summary, we have shown that the field distribution as
well as the acoustic transmittance band of surface acoustic
MCs on LiNbOj depend on whether the metal stripes are
floating or electrically shorted, thus, demonstrating that these
quantities can be electrically controlled by varying the im-
pedance between the stripes. Measurements of the acoustic
field by interferometry shows field confinement in a single

300

MC, “bonding” and ‘“anti-bonding” modes for two coupled
MCs, as well as the positive dispersion of a “mini-band”
formed by five coupled MCs. The resonance frequency and
the coupling strength can be controlled by changing the
potential of the MC stripes.
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