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Low-Loss Tunable Integrated Acoustooptical
Wavelength Filter in LiNbO with

Strong Sidelobe Suppression
H. Herrmann,Member, IEEE,K. Scḧafer, and Ch. Schmidt

Abstract—An integrated acoustooptical double-stage wave-
length filter in LiNbO 3 has been developed using acoustooptical
polarization converters and polarization splitters as basic com-
ponents integrated on the same chip. Ti-indiffusion technology
is used throughout to fabricate the device. The packaged and
pigtailed filter has low insertion losses (4.1 dB fiber-to-fiber),
low-polarization dependence (0.1 dB) and a strong sidelobe and
baseline suppression (>30 dB). Its tuning range exceeds the gain
bandwidth of erbium-doped fiber amplifiers around 1550 nm.

Index Terms—Acoustooptical filters, integrated optics, tunable
filters, wavelength division multiplexing, wavelength filters.

I. INTRODUCTION

I NTEGRATED acoustooptical circuits in LiNbOare attrac-
tive devices for a variety of applications, in particular, in

wavelength-division multiplexing (WDM) optical communica-
tion systems [1]. However, stringent specifications concerning
insertion loss, crosstalk and polarization sensitivity are re-
quired for most of the applications. To meet such requirements
tunable acoustooptical wavelength filters have been developed
using a double-stage design [2]. The design of these filters,
however, is complex; besides acoustooptical mode converters
and polarization splitters additional TE- and TM-pass po-
larizers are used, fabricated by different technologies. Their
performance is very sensitive to the fabrication conditions and
aging effects can result in a degradation of the extinction ratio.

To overcome these drawbacks a double-stage acoustooptical
tunable wavelength filter in LiNbOwithout polarizers has
been developed. The device consists of acoustooptical mode
converters and polarization splitters, all fabricated by Ti-
indiffusion. Therefore, the technology is strongly simplified in
comparison with that described in [2]. Moreover, the design of
the filter is tolerant to a nonideal performance of the individual
components.

II. CIRCUIT DESIGN AND PRINCIPLE OF OPERATION

A schematical diagram of the new design is shown in Fig. 1.
It essentially consists of two single-stage wavelength filters
in series. Each filter itself is formed by an acoustooptical
polarization converter between two polarization splitters [3].
In both stages, the input is split by the first polarization splitter
into TE- and TM polarized modes routed to different optical
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Fig. 1. Schematical diagram of the integrated acoustooptical wavelength
filter.

waveguides. Both are embedded in a common acoustical wave-
guide which forms one branch of an acoustical directional cou-
pler. In the other branch, a surface acoustic wave (SAW) can be
excited via an RF-signal applied to the interdigital transducer
electrodes. The SAW is coupled to the adjacent acoustical
guide and back again resulting in a weighted acoustooptical
interaction [4]. This yields a wavelength dependent coupling
between TE- and TM-polarized optical modes. For efficient
conversion the phase-matching condition
must be fullfilled. and are the wave numbers of the
TE- and TM-polarized waves, respectively, and is the wave
number of the SAW. As is wavelength
dependent, the acoustic wave number and, hence, the SAW
frequency determines the wavelength of efficient conversion.

After passing the acoustooptical mode converter the signals
are recombined by the second polarization splitter. As the
state of polarization of the phase-matched waves has been
changed, they are separated from the unconverted ones. The
converted waves are routed to the input arm of the second
stage whereas the unconverted ones are fed to a waveguide
which is terminated on the substrate outside of the interaction
area of the second stage.

The double-stage design offers the following advantages:
First, the filter characteristic of the overall device is the
product of the filter characteristics of the individual stages.
This yields a strong suppression of sidelobes and a narrowing
of the spectral filter response. Even if one stage has a nonideal
performance, e.g., large sidelobes or bad splitting ratios of the
polarization splitters, cascading with the other (better) stage
still results in a good overall device performance.
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Fig. 2. Conversion efficiency� of the individual stages for TE and TM input
polarization versus SAW frequency at fixed optical wavelength� = 1555 nm.

Second, the double-stage design results in a compensation
of the frequency shift accompanying any acoustooptical con-
version by the frequency of the SAW. As the direction of
the frequency shift (up- or down shift) depends on the input
polarization (TE or TM) and on the propagation direction of
the SAW relative to the propagation direction of the optical
waves, the opposite shifts of both polarization components in
the first stage are exactly compensated in the second stage.

III. FABRICATION AND CHARACTERIZATION

As substrate material X-cut LiNbOwith Y-propagation
is used. Acoustical and optical waveguides are fabricated
using Ti-indiffusion technology. In a first step the acoustical
waveguides are defined by an in-diffusion (31 h at 1060C)
of a 160-nm-thick Ti-layer into the cladding region of the
acoustical guiding structures, which are 19.1-mm-long tapered
acoustical directional couplers; details of the structure are
given in [4].

Subsequently, the optical waveguide structure is fabricated
again by Ti-indiffusion (13 h at 1060C). For single mode
waveguides about 100-nm-thick 7-m-wide stripes are indif-
fused. The attenuation of the optical waveguides has been
measured to be about 0.3 and 0.1 dB/cm for TE and TM
polarized waves, respectively.

The polarization splitters consist of passive directional cou-
plers with zero gap. TE-polarized light is coupled to the cross-
state, TM-polarized to the bar-state. Details of the structure are
given in [2]. Splitting ratios have been determined to be better
than 20 dB for both polarizations. Excess losses are typical
about 0.5 dB.

In the next fabrication step, aluminum interdigital transducer
electrodes consisting of 24 finger pairs are deposited to allow
the excitation of SAW’s. Drops of UV-curing glue acting as
acoustical absorbers are used to terminate the acoustooptical
interaction length.

To characterize the first stage alone, TE or TM polarized
light from a DFB-laser diode ( 1555 nm) has been coupled
into the waveguide adjacent to the output waveguide. The
power transmitted through the port I waveguide as function
of the SAW frequency gives the conversion characteristics of
the first stage, if the SAW in the second stage is switched off.
To characterize the second stage, the light is coupled into the
waveguide adjacent to the input guide and the second stage

Fig. 3. Filter characteristics of the packaged and pigtailed wavelength filter
for best and worst case input polarization using a broad-band spectrum at the
input port I.

is operated alone. In Fig. 2, results of these measurements are
shown. The conversion curves of the first stage are broader
than that of the second stage due to residual inhomogeneities
of the optical waveguides. Furthermore, there is a slight
separation of the transmission maxima for TE and TM in the
first stage. Due to better splitting ratios of the polarization
splitter for TE the baseline of the conversion curve is lower
than that for TM input polarization.

The frequency for maximum conversion is slightly different
for the two stages indicating again a nonideal waveguide
homogeneity. To operate both stages with the same SAW
frequency to achieve a zero net frequency shift, the conversion
curves have been aligned via temperature tuning.

Before pigtailing the 69.8-mm-long device with single mode
fibers, the waveguide end-faces have been AR-coated using a
quarter wave layer of .

IV. OVERALL DEVICE PERFORMANCE

The fully packaged and pigtailed wavelength filter has been
characterized using as broad-band light source the amplified
spontaneous emission from an erbium-doped fiber amplifier
(EDFA). The transmitted signals have been investigated with
an optical spectrum analyzer of 0.1-nm resolution.

In Fig. 3, the transmission of the filter versus optical wave-
length is shown. Two curves are drawn corresponding to an
input polarization with minimum and maximum insertion loss
at the peak transmission, respectively. The bandwidth (full-
width at half-maximum) is 1.6 nm. There are no pronounced
sidelobes in the filter characteristics and the baseline, i.e.,
the residual transmission at a wavelength far away from the
filter peak, is more than 30 and 40 dB below the transmission
maximum for the best and worst case input polarization, re-
spectively. As can be seen in the inset of Fig. 3 the polarization
dependence of the device is very small. The peaks at maximum
transmission are separated by about 0.07 nm and the insertion
loss difference is about 0.1 dB. The overall insertion (fiber-to-
fiber) is less than 4.2 dB for the worst-case input polarization.

The tuning range exceeds the wavelength range available
from the ASE of the amplifier. Even without readjusting the
RF drive power of 100 mW for both stages together, the filter
can be tuned from 1530 to 1570 nm without a significant
degradation of the filter characteristic.
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V. CONCLUSION

A new type of integrated acoustooptical filter has been
developed. It is characterized by low insertion loss, small po-
larization dependence and strong sidelobe suppression. More-
over, the device technology is strongly simplified requiring
only Ti-indiffusion for the fabrication of optical and acoustical
waveguides and of integrated polarization splitters/combiners.
Therefore, the new type of filter offers a great potential
for future mass production. It will mainly be used in fiber-
optical WDM communication systems; for instance, as channel
selectors, for gain equalizing of fiber amplifiers using the
unique property of simultaneous multiwavelength operation
[5], [6] or as channel analyzer [7].
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