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Abstract—On-chip polarizers have been used extensively to
control the polarization of integrated photonic systems based
on the Silicon-On-Insulator platform, which present a strong
birrefringence. Designing polarizers that attenuate TE polarized
light while permitting TM polarized light to pass with minimal
losses presents notable challenges on the standard 220 nm
Silicon-on-Insulator platform due to the stronger confinement
experienced by TE polarization compared to TM polarization. In
this work, we present and experimentally demonstrate a broad-
band, low-loss, high-extinction-ratio TM-pass polarizer utilizing
a Bragg grating. By leveraging a subwavelength metamaterial,
we manipulate the Bragg grating to reflect the fundamental
TE mode into the first-order TE mode while enabling the
transmission of the TM mode. Experimental results show an
extinction ratio exceeding 20 dB and insertion losses below 1 dB
within a bandwidth of at least 120 nm.

I. INTRODUCTION

Silicon-on-Insulator (SOI) is increasingly becoming the
platform of choice to implement integrated photonic systems
for telecom, datacom, sensing and computing [1]. The high
index contrast of this platform enables strong mode confine-
ment but also induces significant birrefringence between TE
and TM polarizations. Therefore, polarization control is key
in SOI-based photonic systems. One of the main devices
used to manage polarization are polarizers, which block the
unwanted polarization and let the remaining one pass through
it with no losses. In standard SOI platforms, TE polarization
is more confined than TM polarization. This results in TM-
pass polarizers requiring more complex designs than TE-
pass polarizers. Nonetheless, they are essential components
in applications based on TM-polarization like biosensing,
since the TM polarization is less confined and has a stronger
interaction with the sensed media [2]; and high-speed opti-
cal communications, where polarization-division-multiplexing
(PDM) is widely used.

Some TM-pass polarizer designs take advantage of special-
ized silicon layer thicknesses such as 300nm, 340 nm and
400 nm to cut-off the fundamental TE mode, since the TM
fundamental mode is more confined [3]-[5]. On the other
hand, in the standard 220 nm thickness, TE-pass polarizers
leverage the weaker confinement of the TM modes while the
TE mode remains guided [6]-[8]. For this reason, implement-
ing TM-pass polarizers in this thickness proves challenging,
and complex waveguide structures such as graphene-loaded
waveguides [9], [10], multilayer structures [11], or plasmonic

waveguides [12]-[15] have been presented. Another approach
is to use Bragg gratings [16]-[24]. However, they reflect the
TE fundamental mode back into the system, which can be
potentially harmful for certain applications.

Several solutions to this problem have been experimentally
demonstrated. In [25], a Bragg grating with narrow slots that
radiates the TE polarization with a bandwidth of more than
95 nm, insertion losses (IL) as low as 0.5 dB and a extinction
ratio (ER) as high as 50 dB; however the narrow designed
50 nm slots can prove difficult to fabricate. An apodized anti-
symmetric Bragg grating that reflects the fundamental TE
mode into the first order TE mode and filters it is demonstrated
in [26], achieving a bandwidth of 263nm with IL lower
than 0.9dB and a maximum ER of 50dB; nevertheless,
it is designed with holes as small as 50 nm, which again
is challenging to fabricate. A tapered anti-symmetric Bragg
grating that works in two bands is designed and measured,
obtaining an IL smaller than 0.74dB and an ER as great as
60 dB, over a bandwidth of 85 nm for the O-band and 35 nm
for the S-band is reported in [27].

In this paper, we present and experimentally demonstrate
a TM-pass polarizer for the standard 220 nm SOI platform
fabricated with a single etch-step. By taking advantage of the
flexibility of subwavelength metamaterials we design a Bragg
grating that reflects the fundamental TE mode into the first
order TE mode while letting the fundamental TM mode pass
with no losses. The back-reflected first order mode is radiated,
thereby suppressing back-reflections. The fabricated device
achieves a measured extinction ratio in excess of 20dB,
insertion losses below 1dB in a bandwidth of at least 120 nm.

II. POLARIZER STRUCTURE AND DESIGN

The polarizer consists of a periodic structure, shown in the
unit cell in Fig. 1(a). If the tilt angle is 6 = 0° [Fig. 1(b)] the
unit cell operates in the subwavelength regime, i.e. the pitch is
such that Agwg < A\/(2ng), where np is the effective index
of the fundamental Bloch-Floquet mode propagating through
the structure [28]. In this regime light propagates through
the structure undisturbed for both TE and TM polarization.
However, when the second strip strip is tilted an angle 6 # 0
the period of the structure becomes Aprags = 2Aswa [see
Fig. 1(b-d)]. This tilt only affects TE modes [29], which thus
experience a Bragg reflection. TM modes are unaffected by
the tilt, and travel through the structure as they would in a



conventional subwavelength grating (SWG). This differential
behaviour for TE/TM polarization gives rise to the desired
polarizing effect.
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Fig. 1. Schematics of the proposed device. (a) Top view of the complete

device: the TMg mode goes through it with low losses, while the TEqg
mode gets reflected into the TE; mode. (b), (c) and (d) Top diagram of the
unit-cell of the device, tilted # = 0°, § = 8° and 6 = 15°, respectively. (e)
Schematic top-view of the polarizer’s taper.

For the device to couple the TE, forwards propagating
mode into the TE; backward propagating mode which can
be easily radiated, the phase matching condition between said
modes must be met: ng o + 71 = A/ABrage [30]. Thus,
we can satisfy the phase matching condition by carefully
engineering the Bragg pitch Ap;ae,. We note that the lower
and upper values for Aprage, are limited by the minimum
feature size and the SWG condition of the period Aswa,
respectively. We use the MPB software package [31] to
calculate the pitch that centers the phase-matching condition
at a wavelength of A = 1.55 pm, obtaining Ayage = 440 nm.

There are four figures of merit to measure the performance

of a polarizer. To define them we use the notation p.iTE/ TMn

to refer to the power travelling in the forward (+) or ll%gl‘itward
(-) direction, in the nth-order mode in TE/TM polarization in
the input (in) or output (out) port. Thus, the key performace
parameters of a polarizer are: the extinction ratio: ER =

P MO /pt TEO. the insertion losses: IL = pft™MO/ptTMO,
the undesired back-reflections to the fundamental TE mode:
BRO = p;lTEO / p+TEO, and the back-reflections to the first
order TE mode: BR1 = p_ "®! /p TE0 We want to maximize
the extinction ratio (ER) and the back-reflections to the first
order TE mode (BR1) while minimizing the insertion losses
(IL) and the back-reflections to the fundamental TE mode
(BRO), over the broadest bandwidth possible. We optimize
this parameters using MEEP [32], a 3D-FDTD open source
simulator, arriving at the final design: Aprage = 440nm,
0 = 15°, w = 1.1um, ¢ = 110nm, N = 20 periods.
However, insertion losses were still excessively high (> 1dB),
so a taper was designed to minimize them, shown in Fig.
1 (e), with the following parameters: Liaper = 500nm,
Wace = H00NM, Wiaper = 300 nm, Niaper = 8 periods.

The simulated polarizer propagation of both TE and TM
fundamental modes at the central wavelength A = 1.55 pm
can be observed at Fig. 2 (a) and (b), respectively, where it is
clear how the TE fundamental mode gets reflected into the TE

k)

first order mode while the TM mode traverses the polarizer
with almost no losses. Then, the polarizer’s performance is
simulated varying the operating wavelength from 1.45 um to
1.65 wm, shown in Fig. 3. From the figure we can see that for a
150 nm bandwidth around the central wavelength of 1.55 pm,
the extinction ratio is greater than 20 dB while the insertion
losses are below 1 dB. Moreover, the harmful back-reflections
of the fundamental TE mode are kept below —20 dB for most
of the 150 nm bandwidth whereas the back reflections into the
first order TE mode are maximized.
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Fig. 2. Propagation of (a) the TEg and (b) the TMg modes along the
designed device at a working wavelength of 1.55 um. As intended, the TEqg
mode gets reflected into the TE; mode, while the TMo mode traverses the
polarizer with minimal losses.
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Fig. 3. Simulated key parameters of the polarizer as a function of the

wavelength. The dashed red line, corresponding to the IL, is referenced on
the right axis, while the rest of the curves are referenced to the left axis.

III. EXPERIMENTAL CHARACTERIZATION

The proposed device is then fabricated in a 220 nm-thick
SOI platform, with a buried oxide layer of 2 um thickness,
using Applied Nanotool’s standard process [33]. Resist is
patterned with a 100keV electron-beam, and structures are
transferred into the silicon layer via reactive ion etching. A
2.2 um-thick oxide layer is placed on the top using chemical
vapour deposition. SEM images of the complete polarizer,
the first periods of the taper and a detailed view of the central



periods can be observed in Figs. 4 (a), (b) and (c), respectively.
The device is measured using the Agilent 8164B lightwave
measurement system, equipped with a 81600B tunable laser
output and a 81634B power sensor. Following the laser output,
two external polarization controllers, with a polarization filter
placed in between them, are used. With this approach, we can
filter any spurious polarization at the laser output thanks to the
polarization filter and the first polarization controller. Then,
with the second polarization controller, we can set the desired
polarization at the chip input. To inject the light in and out the
chip, we use two lensed fibers, along with on-chip input and
output spot size converters to improve the coupling between
the lensed fibers and the on-chip waveguides. A test structure
consisting of the designed polarizer with nominal parameters,
except for a increased strip length of ¢ = 130 nm, is measured
with TE and TM polarization, sweeping the wavelength along
the laser’s tunable bandwidth: 1495nm — 1640nm. After
this, a straight waveguide is measured as reference for both
polarizations. The performance parameters are obtained from
the test structure measurements and then normalized to the
power measured at the straight waveguides for each polariza-
tion. Then, the measured parameters are compared with the
simulated results and represented in Fig. 5. As can be seen, the
measured ER response is shifted to longer wavelengths with
respect to the simulated ER due to the increased strip length.
The difference of 20 dB between the simulated and measured
ER should be noted as well. This seeming great difference
is caused by the difficulty involved in using the polarization
controller preceding the chip input to filter the power of the
TM polarization below 0.1 % (30 dB) and measure the actual
ER of the polarizer. The measured IL, on the other hand,
grows as it approaches the limit of its operational bandwidth.
The measurements taken show that for a bandwidth of at least
120 nm, the polarizer has an ER larger than 20dB while it
keeps the IL under 1dB.
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Fig. 4. SEM images of the a) complete device, b) the first two periods of
the transition and c) five central periods of the polarizer.

IV. CONCLUSIONS

In this work, we have proposed and experimentally demon-
strated for the first time a design for a compact TM-pass
polarizer based on a tilted SWG for the standard 220 nm-thick
SOI platform and fabricated with a single etch-step. The tilted
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Fig. 5. Comparison between the measured and simulated ER (left axis) and
IL (right axis) spectra.

SWG enables the coupling between the undesired fundamental
TE mode into the reflected first order TE mode, which can
be readily removed. On the other hand, the TM fundamental
mode pass through the polarizer with low losses. Experimental
characterization shows that the polarizer presents low insertion
losses (< 1dB) and a high extinction ratio (> 20dB) over
more than a 120nm bandwidth, centered at a wavelength
of 1.55 um. Altogether, the fabricated polarizer has total
footprint of 17.84 um x 1.1 pm.
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