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A novel thermally tunable polarization rotator based on mode hybridization, is presented. The
proposed component features a compact device footprint of 15.5 um, insertion loss of 2.25 dB,
and PER value above 13 dB across the entire C-band. By exploiting a thermal tuning mechanism,
PER higher than 30.5 dB over 15 nm range is achieved with 3.5 mW/nm tuning efficiency.
Keywords: Silicon Photonics, polarization rotator, thermal tuning, mode hybridization

INTRODUCTION

Silicon Photonics platform (SiPh) is playing an important role in optical communications due to its compatibility with
complementary metal oxide semiconductor (CMOS) fabrication processes [1] and the availability of multi-project
wafer (MPW) services [2], while enabling highly integrated circuits with compact footprint and low power
consumption. However, the high index contrast of SiPh induces strong birefringence and, thus, polarization
dependent waveguiding. On-chip polarization diversity circuits can be exploited to overcome the polarization
dependence [3]. In addition, they enable polarization division multiplexing (PDM) schemes that can be used to double
link capacity [4]. A key component to enable on-chip polarization diversity is the polarization rotator (PR). PRs can be
based on different techniques, such as mode coupling, mode evolution [5],[6] and mode hybridization [7], while other
more advanced configurations, such as plasmonic [8] or subwavelength structures [9], can achieve increased
performance. However, such solutions suffer from high insertion loss and low polarization extinction ratio (PER), or
require complex integration and fabrication processes, respectively.

In this work, we propose a thermally tunable polarization rotator, based on mode hybridization, which features a
compact device length of 15.5 um with insertion loss of 2.25 dB and PER > 13 dB across the C-band. By exploiting the
thermal tuning mechanism, PER higher than 30.5 dB over 15 nm range is achieved with 3.5 mW/nm tuning efficiency.
The tuning mechanism presented requires low power and enables the integration of a high PER polarization rotator
component in flex-grid DWDM systems, and in circuits with varying temperature operational requirements. The
component is compatible with MPW services and is highly tolerant against fabrication variations.

SIMULATIONS AND DESIGN

The polarization rotator consists of an intermediate rotator segment, shaped as a single-stair waveguide, connecting
an input and an output wire waveguide (Figure 1 (a)). By breaking the symmetry of the waveguide cross-section, the
supported propagation modes are hybridized, whereas by changing the rotator segment length (L) the state of the
polarization at the output waveguide can be selected. The rotator segment supports two hybrid modes (Figure 1
(b),(c)) with their optical axes perpendicular to each other. The optical axis is calculated in Eq.(1) [10]:

Jgn?(xy)-HE (x,y)dxdy
J[on?(xy)-Hy(x,y)dxdy

tan 9 =

(1)

where n(x,y) is the refractive index distribution profile, while Hx(x,y) and H,(x,y) are the x- and y- components,
respectively, of the magnetic field of the hybrid mode.
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Figure 1: (a) Top View of the geometry of the proposed polarization rotator, (b) first hybrid mode, and (c) second hybrid mode.
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Since the hybrid modes have different effective refractive indices and therefore different propagation constants (8
and 82), while they propagate in the rotator segment they accumulate a phase difference. For it rad phase difference
polarization rotation is achieved. This condition is fulfilled for rotator segment length equal to the conversion length,
given by Eq. (2):
s
= 2
B1=B2 @)

The rotator segment can be characterized by the polarization conversion efficiency (PCE), given by Eq. (3) in [10]:

Ly

PCE = 4 sin? 6 cos? 0 sin® (%) x 100% (3)

where 0 is the optical axis of the first hybrid mode, Lx is the conversion length and L the actual length of the rotator
segment. To achieve maximum PCE three requirements must be met. Firstly, the hybrid modes should be equally TE
and TM polarized, thus their optical axes need to be near 45°. Secondly, both hybrid modes are targeted to be equally
excited by the input modes and finally the actual length L of the segment must be equal to L. Considering these,
simulations were performed to determine the optimal geometrical parameters of the rotator segment. A topview of
the rotator is shown Figure 1(a) which was simulated in the 220 nm SOl with 3 um BOX integration platform. The
rotator segment single step is formed via etching part of the waveguide as shown in Figure 1(a), where W is the width
of the unetched part, and We the width of the etched part of the waveguide (150 nm etch depth). Finite Difference
Eigenmode (FDE) simulations varying a set of (W, We) pairs were performed, to optimize the intermediate segment
rotation efficiency. Calculated hybrid mode profiles are shown in Figures 1(b) and (c). In Figure 2, the calculated
results regarding theta (8) angle and PCE, are plotted varying (W, We) pair values. The set of pairs for which the
optical axis is close to 45° and the PCE near 100% is shown in dark red in the PCE plot (Figure 2(b)).
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Figure 2: Calculated (a) angle theta and (b) PCE values of the rotator segment, for L = Ly, varying (W, We) pairs.
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To calculate the overall component’s efficiency, a set of EigenMode Expansion (EME) propagation simulations are
carried out considering the rotator segment and input/output waveguides. In these simulations, input/output
waveguides width value as well as the lateral offset between them and the intermediate segment (Figure 1(a)), are
optimized to achieve equal excitation of the two hybrid modes, and minimise the interface insertion losses. Having
defined the optimum lateral offset and input/output waveguides width (300 nm - 450 nm), for each pair of (W, W)
values, the TE efficiency (TM mode excited at input) and Polarization Extinction Ratio (PER) values are presented in
Figure 3(a), and (b), respectively, calculated via 3D-EME simulations.
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Figure 3: Calculated (a) TE efficiency and (b) PER at rotator output varying (W, We) values, for optimized lateral offset and L=L,.

W and We values that result in maximum TE efficiency, and the corresponding values of lateral offset, can be
identified. Optimum geometrical characteristics can be found with dark red in these plots (Figure (3)), while the final
design parameters deduced are W=170 nm, We=100 nm, and lateral offset=-60 nm. A tolerance study was then
carried out, investigating the effect of £10% variation in the etch depth and waveguide height, around 150 nm and
220 nm, respectively. TE efficiency remains above 53% for up to 15 nm etch depth variation (Figure 4 (a)), and 50%
for up to £10 nm silicon waveguide height variation (Figure 4 (b)), showcasing relaxed fabrication requirements of
the component and full compatibility with fabrication in Silicon Photonics MPW services.
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Figure 4: Rotator efficiency versus (a) etch depth variation and (b) Si waveguide height variation for L=L.

The spectral performance of the rotator, calculated with 3D-EME and validated with 3D-FDTD simulations, is shown
in Figure 5(a). TE efficiency, TM efficiency and PER value (right axis), reveal broadband operation centred around
1550 nm, where 62% TE efficiency and 30.5 dB PER is achieved. Over the entire C-band, TE efficiency > 59.5% and
PER > 13 dB is achieved.
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Figure 5: (a) Proposed rotator spectral performance. (b) TE efficiency and (c) PER values for different temperatures.

Thermal tuning of the component is achieved through a 1.5 um wide metal heater wire placed 1 um above the rotator
segment waveguide. By applying DC voltage, the rotator segment temperature can be adjusted thusly tuning the
refractive index exploiting the thermo-optic effect. The thermo-optic coefficients used for Si and SiO; were 1.8x10™*
and 1x107 respectively, with reference temperature of 300 K. EME simulation results for TE efficiency and PER values,
varying temperature from 27 °C to 227 °C (300 K to 500 K) are shown in Figure 5(b) and (c), respectively. A
0.075 nm/°C central wavelength redshift is calculated for both TE efficiency and PER values, resulting ina 3.5 mW/nm
power tuning efficiency. This low-power thermal tuning mechanism allows this polarization rotator to be used in
applications under changing temperature environments where thermal tuning is necessary to ensure maximum PER
in a specific wavelength. In addition, it can be deployed as a key element in elastic optical networks where wavelength
tunability and high PER are indispensable requirements.

CONCLUSIONS

We presented a novel broadband polarization rotator element designed for 220-nm top SOl integration platform. It
is characterized by a short length of 15.5 um, insertion loss of 2.25 dB and PER value above 13 dB across the entire
C-band. By exploiting the thermal tuning mechanism, PER value higher than 30.5 dB over 15 nm range is achieved
with 3.5 mW/nm tuning efficiency. Its low fabrication complexity and low power consumption enable its adoption
across many polarization diversity photonic integrated circuits and elastic optical network deployments.
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