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Abstract—We propose a polarization rotator using partially-etched tilted Bragg grating on a strip waveguide. Our
structure features a compact device footprint of 25.2 𝝁m with insertion loss and crosstalk of −1 dB and −20 dB,
respectively, while switching the polarization state among fundamental modes (TM/TE).
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I. INTRODUCTION

Recently, devices based on Silicon-on-Insulator platform have gained considerable attention for establishing large-scale
photonic integrated circuits (PICs) in optical communications systems, due to its compatibility with complementary metal
oxide semiconductor (CMOS) fabrication process, low power consumption and compact footprint [1], [2]. Attributed to the
high index contrast between core (Si) and cladding layers (SiO2) and cross-sectional geometry, the polarization diversity
appeared significantly. This property enables upgrading speed and capacity of information transmission and processing by
driving advanced multiplexing technology, including polarization-division-multiplexing (PDM), through which dual polarized
light are used in a single channel [3]. Another usage for the aforementioned property is to readjust the random polarized light
propagating over long distance through optical fibers [4]. That purposes raise the demand of developing devices having the
ability to manipulate polarization state such as polarization rotators [5], [6].

In this paper, we design a rotator that switches polarization state among the fundamental modes (TE/TM) propagating in strip
waveguide, as a result of partially etched perturbation in the form of tilted Bragg grating. Coupling analysis is addressed to
obtain the optimum grating parameters that gain the best performance. Then, the spectral response is determined via 3D-FDTD
simulation to verify our device. Unlike other related devices in previous research activities [5], [6], our device combines both
compactness footprint and simplicity structure.

II. CHARACTERIZATION

Figure 1 shows our proposed structure which is consisting of a silicon
(Si) core layer with thickness ℎ = 220 nm, sandwiched between two
silica (SiO2) layers of thickness 2 𝜇m, having refractive indices of 𝑛1
and 𝑛2, respectively. That dimensions are in line with standard SOI
wafer. A tilted Bragg gratings are engraved on the strip waveguide,
having a width of 𝑊 = 500 nm. According to that width, both TE
and TM fundamental modes are supported. That grating has a period
of Λ, a depth of 𝑑, and a duty cycle of 𝜏, which indicates the
percentage between the widths of Si and SiO2 partitions in a single
period, and its plane is tilted in clockwise direction (with respect to
𝑦-axis) by an angle 𝜃. That perturbation is extended along a length
of 𝐿 = 𝑁𝑔Λ + 𝑊 tan(𝜃), where 𝑁𝑔 is the number of gratings. The
ability of exchanging energy from TM0 into TE0 can be measured by
calculating coupling coefficient as follows,

Fig. 1: Perspective view of proposed polarization rotator
design.
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where 𝑛eff is the effective index of a propagating mode, 𝜆 is the operating wavelength, and 𝐸𝑥 , 𝐸𝑦 , and 𝐸𝑧 are three
components of field for each mode. It is should be noticed that grating period is chosen by satisfying phase matched condition
to guarantee the feasibility of such coupling using Λ = 𝜆/(𝑛𝑇 𝑀

eff + 𝑛𝑇 𝐸
eff ).

III. NUMERICAL RESULTS

First, the effective indices and associated fields of fundamental TE and TM modes are determined using MODE solution at
an operating wavelength of 1550 nm, then we calculated the coupling coefficient from (1). In order to find out the optimum
grating parameters at which polarization state switches efficiently, we plot the contour of coupling coefficient as function of
both grating tilt angle, 𝜃, and duty cycle, 𝜏, at a fixed depth of 𝑑 = 70 nm in Fig. 2. Interestingly, it is obvious that coupling
coefficient is a maximum at optimum grating tilt angle of 32◦, and that is followed by a local maximum coupling coefficient
at grating tilt angle of 62◦. That performance refers to a damped sinusoidal term that appears in (1). On the other hand, it
is observed that there is a single optimum duty cycle (0.6) at which coupling coefficient is a maximum, that is due to sinc
function shown in (1).

Fig. 2: Contour of coupling coefficient as function of 𝜃 and 𝜏.
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Fig. 3: Simulated wavelength reflection response using 3D-FDTD
method.

The proposed rotator is simulated via 3D-FDTD using the aforementioned optimum grating parameters, and its corresponding
reflection spectrum response is shown in Fig. 3. In this simulation, a 415 nm corrugation period, 70 nm depth, 0.6 duty cycle,
and 32◦ grating tilt angle are used. A distinct peak is observed at a central wavelength of 1550 nm over a bandwidth of 50 nm
from 1535 nm to 1565 nm. The insertion loss of the output mode is −1 dB and maximum crosstalk of the undesired modes is
less than −20 dB with a total device length of 25.2 𝜇m. In comparison to what was reported in [5], [6], our converter causes
reduction in device’s length by ∼ 75%. That reduction prevents effect of non-uniformity in the wafer thickness, which adversely
affects effective indices when creating long devices [1].

IV. CONCLUSIONS

It is concluded that polarization states of fundamental mode rotated efficiently at the presence of tilted Bragg grating partially
corrugated on a strip silicon waveguide. After choosing the optimum grating parameters from coupling coefficient calculations,
the rotator has been executed with insertion lose of −1 dB and compact length of 25.2 𝜇m. Our device has a privileged of
compactness and simplicity compared to other previous related reported devices.
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