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1. Introduction

Organic EO polymer can provide a high EO coefficient
(r33) >100 pm/V, ultrafast EO response time, very low dis-
persion of up to 250 GHz, and facile compatibility with
other materials. Because of these outstanding properties it
is highly desirable to utilize EO polymer in telecommuni-
cations to enlarge the bandwidth and to benefit from
state-of-the-art CMOS fabrication capabilities. Here, we
present our novel modulators based on the EO polymer /
titanium dioxide (TiO,) hybrid structure [1, 2].

2. Method and Results

2.1 Micro-ring resonator modulator

The advantages of such modulators are their compact
footprint, low driving voltages, and the ability to drive
them as lumped RF elements to eliminating the need for
traveling-wave design. However, conventional EO polymer
waveguide modulators have a bending radius of around one
millimeter, thereby limiting the miniaturization of the
modulators. Additionally, the typical inter-electrode dis-
tances in such waveguides are ~10 pm, but the thickness of
the EO core is ~3 um. This means that there is a large
voltage in the modulator dropping across the thick cladding
layers, resulting in a small resonance shift control and a
high peak to peak voltage V...

Fig. 1 (a) Designed cross-section of the TiO, core / EO polymer ring
resonator waveguide,; (b) simulated TM,y mode intensity distribution; (c)
top view SEM image of the TiO- ring structure (left: view of cross-section,
right: view of bus-ring gap).

The ring resonator modulator fabricated in this study
was constructed using a thin TiO, ridge waveguide and EO
polymer cladding layer, but without a traditional transpar-
ent cladding. The 250 nm thick TiO, has the benefits of a
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shortened electrode distance, a substantially improved pol-
ing efficiency, and a minimized ring radius in the 100 um
scale. As a result, our modulator shows the highest reso-
nance a tunability of 0.02 nm/V and an in-device r3; of 105
pm/V. A modulation depth of 3dB was observed at the fre-
quency response function at 20 kHz using a 2 V,,, clock
signal.

2.2 Nano-line modulator

Integrated EO polymer devices on silicon photonics have
a number of potential applications. These include tele-
communications switches, signal amplifiers, and filter cir-
cuits. Another application of these devices is as optical in-
terconnects between functional modules on a microchip or
between microchips on a printed circuit board as a potential
replacement for metal interconnect technology, which is
nearing its limit with copper interconnects

An electro-optic (EO) modulator composed of an EO
polymer / TiO, hybrid waveguide has been designed and
fabricated. By using a TiO, strip line (0.3x0.3 pm’
cross-section) as the core, the confinement factor in the EO
polymer is optimized for the highest EO activity. The co-
planar electrode spacing is examined to enable effective
poling and a small propagation loss. The measured
in-device EO coefficient is 100 pm/V at 1550 nm wave-
length, and a Vr is 3.2V for the 12 mm-electrode length.
The results also predict a possible Vzt of ~1V in a push-pull
Mach-Zehnder interferometer structure. The modulator
exhibited an excellent temporal stability for the EO activity
at 85 °C for 500 hours due to the high glass transition tem-
perature of the EO polymer and the temperature-insensitive
Ti0, strip line.

Fig. 2 SEM images of the top-view and oomed in TiO, channel (after
coating EO polymer) of the modulator
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