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We report an integrated acousto-optic polarization converter exploiting a novel surface acoustic superlattice
(S-ASL) transducer. The S-ASL transducer is made of a ZX-cut periodically poled lithium niobate (PPLN)
crystal with uniform coplanar electrodes for surface acoustic wave (SAW) generation. For a PPLN period of
20 m the SAW is excited at an rf of about 190 MHz, while the phase matching occurs at an optical wavelength of around 1456 nm. The measured mode conversion efficiency of 90% at an input rf power of 1 W and
the 3 dB optical bandwidth of 2.5 nm confirm the confinement of the SAW between the electrode gap and the
constructive interaction along the whole 10 mm electrode length. © 2009 Optical Society of America
OCIS codes: 120.2440, 130.3120, 130.2260, 130.2790, 130.3730, 230.1040.

Acousto-optic (AO) polarization converters are key elements in many photonic applications, such as wavelength division multiplexing (WDM) in optical communication [1], spectral filtering of supercontinuum
sources of coherent light [2], acoustic modulation [3],
and biomedical sensing applications [4]. A state-ofthe-art integrated LiNbO3 based AO polarization
converter typically combines an interdigitated transducer (IDT) for surface acoustic wave (SAW) generation and a Ti-indiffused optical waveguide in a single
piezoelectric crystal. In addition, the SAW lateral
confinement is achieved by Ti indifussion into the
cladding regions of the optical waveguide to form a
so-called doubly confined structure [5,6]. In this way
an acoustic waveguide is formed, which leads to a significant increase in the interaction length and, consequently, to higher device performance. The acoustic
waveguide formation requires additional fabrication
steps that can be cumbersome and suffers from potential leakage of the optical mode into the Tiindiffused regions used to confine the SAW. Another
potential drawback of this configuration lies in the
fact that the optical waveguide is usually covered by
the metallic layer of the IDT, thus producing an increase in the optical loss.
It has been shown that an acoustic superlattice
(ASL) made of periodically poled lithium niobate
(PPLN) can give rise to alternative ways for acoustic
wave generation [7,8]. In an ASL structure, the
acoustic waves can be launched using uniform electrodes, instead of periodic electrodes, with the latter
being the case of IDTs. Domain inversion indeed allows switching the sign—from positive to
negative—of all odd rank tensors, particularly of the
piezoelectric tensor, from one domain to the next,
while keeping all even rank tensors—such as permittivity or elastic constant—unaltered. Therefore, the
application of a uniform external electric field to the
periodic structure will subject the domain walls to a
periodic strain resulting from the periodic change in
the piezoelectric coefficient, effectively producing lo0146-9592/09/203205-3/$15.00

calized acoustic sources, and hence to elastic wave
generation [8]. The first LiNbO3 AO device using the
ASL has recently been reported employing a bulk
acoustic wave, i.e., a longitudinal wave that collinearly interacts with the optical wave [9]. However,
to the our knowledge there is no report on the use of
SAWs in the ASL for the AO interaction in a waveguide geometry.
In this Letter, we demonstrate a different type of
an integrated AO polarization converter based on a
surface acoustic superlattice (S-ASL) transducer consisting of an ASL and uniform coplanar electrodes for
the SAW generation [10]. In particular, we consider
the AO device, making use of collinear waveguide interaction between the SAW and the optical mode. The
S-ASL transducer (Fig. 1) is a building block in the
proposed AO device, which makes it possible to have
the surface region—where the AO interaction
occurs—free of any metallic layer, which could induce
unwanted optical loss. In addition, the SAW energy is
confined in the gap between electrodes, thus avoiding
the need for any additional acoustic waveguide. The
latter, as was said above, requires additional fabrication steps and might lead to possible detrimental outcoupling of the optical mode.

Fig. 1. (Color online) Scheme of the proposed integrated
AO polarization converter based on S-ASL on ZX-cut PPLN
with coplanar uniform electrodes.
© 2009 Optical Society of America
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The proposed device relies on TE to TM, or vice
versa, polarization conversion of optical modes owing
to the AO interaction. The SAW induces a periodic
stress along the direction of propagation of the optical wave. Through the photoelastic effect, a corresponding periodic rotation of the crystal refractive index ellipsoid occurs, making possible the energy
transfer between orthogonally polarized optical
modes. The conversion is efficient at the phasematching condition ⌬ = 兩␤M − ␤E兩 − K = 0, with K = 2 / ⌳
the acoustic wavenumber, ⌳ the acoustic wavelength,
and ␤E 共␤M兲 being the propagation constant of the TE
(TM) mode. In correspondence to phase matching, we
obtain
fa =

VSAW
0

兩NE − NM兩,

共1兲

where fa is the phase-matching acoustic frequency,
VSAW is the velocity of the SAW, 0 is the optical
wavelength, and NE共M兲 is the effective index of the TE
(TM) mode. Given the SAW frequency fa, only optical
waves satisfying the condition in Eq. (1) will experience the maximum polarization conversion. For optical wavelengths far from 0 the phase-matching condition is no longer satisfied and the conversion
efficiency rapidly decreases.
The power conversion efficiency  between TE and
TM modes is defined as the ratio of the converted
power at x = Li (Li is the interaction length) and the
input power at x = 0 [11],

=

PM共x = Li兲
PE共x = 0兲

=

2
2 + ⌬2

sin2共Li冑2 + ⌬2兲,

共⌬ = 0兲 = sin2共Li兲,

共2兲

where  denotes the coupling coefficient. As shown in
Eq. (2),  will determine the conversion efficiency of
the structure along with the phase mismatch ⌬.
Moreover, the 3 dB bandwidth of the AO filter is inversely proportional to the interaction length Li,
namely,
⌬ ⬇ 0.86

02
Li兩NE − NM兩

.

共3兲

As illustrated in Fig. 1, the structure, which is realized on 500-m-thick z-cut LiNbO3, consists of two
main parts, namely, the optical waveguide and the
S-ASL transducer. The optical waveguide was fabricated through indiffusion of Ti on the −z face at T
= 1060° C for 7 h. The width and thickness of the Ti
film before diffusion were chosen to get a final waveguide width of W = 6 m to obtain single-mode propagation at around 1450 nm. The ASL structure was
fabricated by an electric-field domain inversion technique [12]. The period of the superlattice (acoustic
wavelength) is ⌳ = 20 m, which corresponds to the
Rayleigh type SAW excitation at a frequency of fa
= VSAW / ⌳ = 190 MHz
with
VSAW = 3795 m / s
in
ZX-LiNbO3. The final ASL structure comprises 500

periods reaching a total length of La = 10 mm. A pair
of 200-nm-thick coplanar aluminum electrodes, with
a gap of 100 m and a width of W = 100 m, was fabricated by sputtering deposition and subsequent wet
etching. The electrodes were aligned parallel to the
optical waveguide so that the waveguide remained in
the center. The total length of the electrode is taken
to be Le = La = 10 mm. To increase the optical coupling
efficiency to the input and output fibers and to avoid
backreflection effects of the SAW, the sample’s edges
were polished at  = 8°.
The experimental characterization setup is shown
in Fig. 2. A supercontinuum laser source was used to
generate a broad spectrum in the wavelength region
of interest and a pigtailing station was used to couple
light into and out of the waveguide through a pair of
single mode fiber blocks in a butt-coupling configuration. The polarizer (P) and the analyzer (A) were set
to be orthogonal to each other and placed before and
after the sample. An optical spectrum analyzer (OSA)
was used to monitor the optical output, while a network analyzer was used to measure the electroacoustic response. For the acoustic generation, an
amplified rf signal generator was employed.
We initially characterized the S-ASL by measuring
the scattering parameter S11. As shown in the inset
of Fig. 3 a strong depth around the resonance frequency of fa = 189.94 MHz is obtained, thus demonstrating the SAW generation as expected. The corresponding impedance match of the device around that
frequency is measured to be about 65 ⍀. After the
electroacoustic characterization, we measured the
AO response. By keeping Prf constant at 500 mW, the
rf frf was swept around the resonance frequency fa
and the optical output was measured around the
phase-matching wavelength of  = 1456 nm (Fig. 3).
The values reported in Fig. 3 are normalized to the
peak value at the phase matching 共⌬ = 0兲. At an rf
power 共Prf兲 of 500 mW and a frequency 共frf兲 equal to fa
(189.94 MHz), the output optical intensity is measured as a function of the wavelength (Fig. 4). The 3
dB optical bandwidth (FWHM) ⌬ is 2.51 nm. From
Fig. 3 the acoustic FWHM 共⌬f兲 is estimated to be
about 310 kHz, which is in good agreement with the
theoretical prediction 共⌬fth兲 ⌬fth = fa共⌬ / 兲 = 327 kHz.
From these data and using Eq. (3) we can estimate
an interaction length of Li = 9 mm, which is very close
to the physical electrode length.
The polarization conversion efficiency 共兲—i.e., the
ratio between converted and transmitted power in
the absence of an rf signal—as a function of the rf

Fig. 2. (Color online) Experimental characterization
setup. P and A, polarizer and analyzer, respectively; OSA,
optical spectrum analyzer.
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Fig. 3. AO modulation as a function of rf 共frf兲 at phase
matching (around  = 1456 nm) for a Prf of 500 mW. In the
inset the electroacoustic response of the S-ASL (S11 parameter) as a function of frf is shown.

power is shown in Fig. 5 for values of Prf ranging
from 100 to 1600 mW. One can estimate that the 90%
conversion is reached for Prf = 1 W. This shows that
the proposed integrated AO device is significantly
more efficient than its bulk counterpart previously
reported where, for the same input power, only
around 40% mode conversion was achieved [9]. The
shift in resonance frequency reported in Fig. 5 for different Prf is mainly due to the thermal drift associated with the rf dissipation, as was already been reported elsewhere, including in [9].
In conclusion, we have presented a monolithic and
integrated SAW-based AO polarization converter using a S-ASL transducer. The SAW was excited
through the ASL via coplanar electrodes, allowing a
metal-free AO waveguide interaction. The TE–TM
polarization conversion is achieved through collinear
interaction between the generated SAW and the optical waveguide mode. The achieved efficiency and interaction length indicate a strong confinement of the
SAW in between the electrodes gap. Further work is
required to improve the efficiency of the device in
terms of the driving rf power. This would also significantly reduce the heat dissipation and consequently
minimize the shift in resonance frequency. The

Fig. 4. Optical modulation as a function of wavelength 
for an rf input power of 500 mW and a rf of 189.94 MHz.
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Fig. 5. Power conversion efficiency and resonance wavelength versus rf power.

implementation of the proposed concepts in ad hoc
designed aperiodic (e.g., chirped) S-ASL can lead to
the development of tunable filters, in particular for
optical telecommunications, which typically require a
tuning range larger than that achieved in this work
with uniform periodic ASL.
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