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Demonstration of an On-Chip TE-Pass Polarizer
Based on Radiation Coupling

Li Zhang , Shengjie Tang , Cheng Chen , Haibin Lv , and Xiaoping Liu

Abstract—An on-chip, high-extinction-ratio transverse electric
(TE) pass polarizer utilizing a silicon oxynitride (SiON) slab has
been proposed and experimentally verified. The power confinement
ratio of the mode field is manipulated by using a SiON slab,
where most of the power of the transverse magnetic (TM) mode
is transferred to the upper SiON slab and then attenuated through
radiation, while the TE mode passes through with relatively low
propagation loss. Experimental results show that our proposed
device can achieve an extinction ratio that varies from 20.5 to
32.7 dB in the wavelength range of 790 to 870 nm, with an insertion
loss of 0.6 to 1.7 dB. Potentially, this design has lower material
refractive index contrast, larger minimum etching size, smaller
lengths, and less stray light crosstalk, which is beneficial for systems
applications such as gyroscopes.

Index Terms—On-chip polarizer, radiation coupling, less stray
light crosstalk.

I. INTRODUCTION

IN RECENT years, integrated photonics has emerged as
a key player in the development of low-power and high-

bandwidth interconnection systems, owing to its compatibility
with complementary metal oxide semiconductor (CMOS) pro-
cesses [1]. However, for certain photon sensors, various polar-
ization disturbances significantly impact their performance [2],
necessitating precise control of transverse electric (TE) and
transverse magnetic (TM) modes for optimal functionality. To
address this problem, various solutions have been proposed,
including the usage of polarization-independent devices [3], [4],
[5], polarization-beam splitters [6], [7], [8], [9], [10], [11], [12],
and polarization-rotating devices [13], [14], [15], [16]. Another
critical approach involves the usage of on-chip polarizers, which
eliminate unwanted polarization states, enabling the on-chip
system to operate in a single state of polarization.

Over the years, various polarizers have been reported, as
shown in Table I. In principle, they include polarizers using
subwavelength grating structures [17], [18], [19], [20], [21],
[22], [23], hybrid plasma [24], [25], [26], [27], directional
couplers [28], [29], [30], anisotropic equivalent medium [31],
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[32], and bending radiation [33], [34], [35], [36]. However,
most of these devices require the use of complex structures.
For example, an ultra-broadband polarizer with an extinction
ratio (ER) greater than 20 dB and an insertion loss (IL) less than
1 dB, designed and manufactured by Hongnan Xu et al. [31],
uses a sub-wavelength grating structure that has a very small
minimum etching size, which is not conducive to large-scale
production and manufacturing. In addition, the principle of
most polarizers is highly dependent on the birefringence of the
waveguide itself, making it difficult to achieve the same high
ER on lower refractive index platforms such as silicon nitride
(SiN). To solve the problem of polarization at lower refractive
index contrast waveguide, Bauters et al. [37] fabricates a TE-pass
polarizer using ultra-thin SiN curved waveguides, achieving
a high ER of 75 dB within the wavelength range of 1.5 to
1.62µm. However, the ultralong structure of the waveguide is not
conducive for system integration. Therefore, there is a pressing
need for a new on-chip polarizer design with a larger minimum
etching size, smaller lengths, and lower dependence on the
birefringence of the waveguide itself, to provide a more con-
venient polarization scheme for lower refractive index contrast
platforms.

To address these issues, we experimentally demonstrate a
TE-pass polarizer by using a silicon oxynitride (SiON) slab
fabricated on a SiN platform. The power of the TM mode in
the SiN waveguide (SW) transfers to the upper SiON slab,
while the TE mode passes through with relatively low loss. Our
measured results indicate that within the wavelength range of
790 to 870 nm, the ER varies from 20.5 to 32.7 dB, and the IL
ranges from 0.6 to 1.7 dB. Compared to other polarizer designs,
our design presents a robust polarization solution for platforms
with low refractive index contrast, requiring a larger minimal
etching size of only 550 nm, and exhibiting relatively shorter
lengths. Moreover, this polarization scheme enables the entry of
scattered light into the SiON slab, effectively reducing crosstalk
within the core layer. This is beneficial for systems applications
such as gyroscopes.

II. STRUCTURE AND PRINCIPLE

The proposed TE-pass polarizer device, as shown in Fig. 1(a),
is fabricated on a SiN platform with an up-cladding of silicon
dioxide (SiO2). The polarizing part of the device includes a SW,
a SiO2 intermediate layer with a thickness of g, and a slab made
of SiON material. The slab has a width of Ws, a length of L, and
a thickness of Hs, which is positioned at a distance, g, above the
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TABLE I
SUMMARY OF PUBLISHED POLARIZERS

Fig. 1. (a) 3D schematic of the proposed TE-pass polarizer on a SiN platform.
(b) Cross section of polarizer covered by SiON slab. (c) Theneff for SW-quasi-
TE00 mode and SW-quasi-TM00 mode as a function of the wavelength when
W = 550 nm and H = 180 nm. Here, the dashed line represents the material
refractive index of the SiON slab. The electric field profiles at λ0 = 830 nm of
the two modes are shown in the inset, respectively.

SW, as illustrated in the cross-sectional view of the slab area in
Fig. 1(b).

To achieve a TE-pass polarizer, a SiON slab is introduced to
extend the majority of the power of the quasi-TM00 mode into
the SiON slab without affecting the power of the quasi-TE00.
The different power response to different polarizations depends
on the refractive index of the SiON slab (nSiON ), which should
satisfy the following inequality:

nTM00

eff < nSiON < nTE00

eff (1)

where nTE00

eff (nTM00

eff ) is the effective refractive index (neff )
of the quasi-TE00(TM00) mode in the SW without SiON slab.
When nSiON < nTE00

eff , the quasi-TE00 mode power remains

confined in the SW. Conversely, when nTM00

eff < nSiON , the
quasi-TM00 mode power extends into the SiON slab. It’s im-
portant to note that meeting these conditions simultaneously
within the target wavelength range of 780–880 nm is necessary
to obtain sufficient bandwidth. Additionally, the concept of
power ratio (PR) is introduced to assess the extent of mode
diffusion, representing the ratio of mode power within the SiN
core region to the total mode power. A higher PR indicates
superior confinement within the SiN core, while a lower PR
suggests increased power diffusion.

The Finite Difference Eigenmode (FDE) and 3D bidirectional
Eigenmode Expansion (EME) methods simulation methods us-
ing Lumerical commercial software are employed to design the
polarizer and investigate its characteristics. FDE is utilized for
computing mode energy distribution and bending losses per
unit distance. The boundary condition employed is a Perfectly
Matched Layer (PML), with the minimum grid accuracy dy
= dz = 10 nm (where dx represents the direction of light
propagation). In simulations for optical field transmission, we
utilize EME. Here, PML is utilized for all boundary conditions
except for the default metallic boundary conditions at the input
and output terminals. The minimum grid accuracy is consistently
maintained at dx = dy = dz = 10 nm. For the wavelengths
centered around λ0 = 830 nm, the material refractive indices of
SiN and SiO 2 are around 2.022 and 1.453, respectively. With
the material dispersion of SiN and SiO2 taken into account, the
neff for the SW-quasi-TE00(TM00) modes is calculated first and
shown in Fig. 1(c). The width and thickness of the SiN core are
W = 550 nm and H = 180 nm, ensuring that the neff of SW
modes satisfies the inequality (1) across the entire wavelength
range. Simultaneously, the electric field profiles for both modes
are provided in the inset. Based on the aforementioned polarizer
requirement of the inequality (1), nSiON can be chosen and
represented, for example, by the dashed line in Fig. 1(c), with a
value of nSiON = 1.59 at λ0 = 830 nm. Of course, our design
can operate in communication wavelength bands such as 1.3 µ
m and 1.55 µm, but adjustments of the key parameters such
as nSiON , W , and H are necessary to satisfy inequality (1).
Moreover, an increase in SiON thicknessHs would theoretically
lead to improved performance of the polarizer under the same
parameters. However, concerning the fabrication constraints, we
opted for Hs = 1 µm.

The thickness g of the SiO2 intermediate layer determines the
coupling strength between the SW and SiON slab, it significantly
affects the PR of the modes, especially for the quasi-TM00

mode. Considering the SW and the upper SiON slab (the region
indicated by the white box in Fig. 2(a) and (b)) as a hybrid
waveguide (HW), the electric field profiles of the quasi-TE00

(TM00) modes (calculated by FDE) in the HW has been shown
in Fig. 2. It can be seen that the HW-quasi-TE00 mode (Fig. 2(a))
is mostly confined to the SW region, while the HW-quasi-TM00

(Fig. 2(b)) mode mostly extends to the SiON slab. Due to
the weak coupling between SW-quasi-TE00 mode and SiON
slab mode, SW-quasi-TE00 mainly excites the HW-quasi-TE00

mode, resulting in minimal power transfer to the slab. Con-
versely, due to the significant coupling between SW-quasi-TM00
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Fig. 2. Electric field profiles of (a) HW-quasi-TE00 and (b) HW-quasi-TM00

mode. Here, nSiON = 1.59, λ0 = 830 nm, and g = 320 nm. Variation of HW-
quasi-TE00 (TM00) mode PR for the (c) parameter g and (d) parameter Ws. Here,
W = 550 nm, nSiON = 1.59, and λ0 = 830 nm.

mode and SiON slab mode, the SW-quasi-TM00 excites the
HW-quasi-TM00 mode shown in Fig. 2(b). Therefore, the power
of quasi-TM00 mode transferred to the slab is large and can reach
the maximum by adjusting the parameter g. It should be noted
that except for these two bounded fundamental modes, all other
modes supported in the HW are leakage modes.

To find the optimal value of g, the PR as a function of g for
both the HW-quasi-TE00 and HW-quasi-TM00 modes is shown
in Fig. 2(c). As g increases, the PR of the HW-quasi-TE00 mode
(rTE00

) approaches saturation. Differently, the PR of the HW-
quasi-TM00 mode (rTM00

) first decreases and then increases
with g increasing, with the minimum occurring around g =
320 nm. Near this point, rTE00

exceeds 55% while rTM00
is

less than 10%, indicating that the HW-quasi-TE00 mode is well
confined in the SW region and the HW-quasi-TM00 mode is
mainly distributed in the SiON slab. It should be noted that rTM00

can be reduced further with the increasing width of the SiON
slab while rTE00

is almost unaffected, as is shown in Fig. 2(d).
Moreover, Fig. 2(d) also suggests that both two ratios tend to be
constant when Ws is large enough.

Further simulation has been conducted to verify the princi-
ple of this polarizer (see Fig. 3). It can be observed that the
quasi-TE00 mode is almost losslessly transferred through the
region covered by the SiON slab (indicated by the white box
in Fig. 3(a)). Differently, the quasi-TM00 mode is attenuated
significantly at the output end. Specifically, the coupling effi-
ciency between the SW-quasi-TM00 mode and the HW-quasi-
TM00 mode is approximately 15.8% (calculated by EME). The
coupling occurs twice during the process of transmitting into
and out of the SiON slab-covered region, resulting in a total
power loss of about 16 dB, corresponding to the value at the
wavelength of 830 nm on the solid line ER1 in Fig. 3(d). Finally,
the ER and IL without considering bending are calculated as a
function of wavelength and shown as ER1 and IL1 (the solid
lines) in Fig. 3(d) which are defined respectively as follows:

ER = 10× log10

(
PTE

PTM

)

IL = − 10× log10 (PTE) (2)

Fig. 3. Lateral view of light propagation at 830 nm wavelength through
the polarizer for (a) quasi-TE 00 and (b) quasi-TM00 input. Here, W = 550
nm, nSiON = 1.59, Ws = 50 µm, g = 320 nm, and L = 3.69 mm. (c) The
variation of transmission loss per unit length with bending radius R. Here,
λ0 = 830 nm. (d) ER and IL as a function of wavelength. ER 1 and IL1 are the
results without bending and with a straight waveguide length of L = 3.69 mm.
ER2 and IL2 are the results of the corresponding two 90◦ circular arc structures
when the bending radius R = 100 µm.

where PTE and PTM are the normalized output power for the
SW-quasi-TE00 and SW-quasi-TM00 mode, respectively.

To further improve the ER, we introduced a curved struc-
ture. Fig. 3(c) shows the transmission losses per unit length of
two HW modes as a function of the bending radius. Taking
R = 100 µm as an example, the loss rate of the HW-quasi-TM
00 mode is 0.37 dB/µm while the loss rate of the HW-quasi-TE 00

mode is 3.3e-9 dB/µm. The corresponding ER and IL generated
by the two modes after propagating through two 90◦ circular
arc structures are 115 dB and 1e-6 dB, respectively. In addition,
the spectra of the ER and IL after propagating through two 90◦

circular arc structures with R = 100 µm are shown as ER2 and
IL2 (the dashed lines) in Fig. 3(d).

In practical manufacturing, deviations in width and thickness
are two main factors affecting polarizer performance. To further
elucidate the capabilities of our polarizer, tolerance analysis is
presented in Fig. 4. It can be seen that when ΔW = ±10 nm,
ER1 + ER2 > 25 dB, and IL1 + IL2 < 0.2 dB are present
throughout the entire wavelength range of 780-880 nm. Simi-
larly, whenΔH = ±10 nm, within the wavelength range of 815-
880 nm, there are ER1 + ER2 > 25 dB and IL1 + IL2 < 0.2
dB. The aforementioned tolerance analysis demonstrates the
good fabrication robustness of our polarizer.

III. FABRICATION AND CHARACTERIZATION

The designed TE-pass polarizer was fabricated on a SiN-
on-insulator wafer consisting of a 180 nm thick top LPCVD
SiN layer and a 2 µm thick buried-oxide layer. The waveguide
structure was etched on the 180 nm thick SiN layer, followed by a
320 nm thick SiO 2 intermediate layer. Then, a 1 µm thick SiON
film was deposited and unnecessary parts were etched. Finally, a
2 µm thick SiO 2 cladding was applied to the entire structure. As
shown in Fig. 5, the SW has a total length of 4.74 mm (including
four 90◦ circular arc structures with a radius of R = 100 µm),
with about 3.69 mm straight waveguide and two 90◦ circular arc
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Fig. 4. Fabrication tolerance analysis. Calculated (a)ER1, (b) IL1, (c)ER2,
and (d) IL2 spectra for the SiN waveguide width deviation ΔW = ±10 nm
and thickness deviation ΔH = ±10 nm.

Fig. 5. Optical microscopy image of the fabricated polarizer with light injec-
tion. (a) quasi-TE00 input. (b) quasi-TM00 input.

structures (R = 100 µm) located below the SiON slab which is
indicated by the red dashed box.

To evaluate the performance of the fabricated polarizer, a
super luminescent diode (Thorlabs SLD-43664) with a central
wavelength of 832.5 nm and an optical bandwidth of 62.1 nm
was employed as the light source. An optic fiber polarization
beam splitter (fiber-PBS) is used to generate a polarized light
source with an ER of around 35 dB. Then, a polarization con-
troller was utilized to switch between the TE and TM polarized
incident light, which was coupled to the chip through the inverted
taper structure at the input end of the polarizer. The output light
was detected using an optical spectrum analyzer.

The ER and IL measurements of the polarizer are presented
in Fig. 6. The influences of input and output edge couplers have
been removed by subtracting the transmission spectra of refer-
ence waveguides. The measured ER was found to vary between
20.5 to 32.7 dB over the wavelength range of 790–870 nm, with
an IL < 1.7 dB for the range of 790-870 nm. Moreover, within
the wavelength range of 806-870 nm, the ER is greater than
27.1 dB and the IL is less than 1.7 dB. The experimentally
determined ER is significantly lower than the simulated ones,
which could be ascribed to two factors. Firstly, due to the lack
of enough lateral offset between the coupling input and output

Fig. 6. Measured ER and IL of the polarizer.

ports, a portion of the scattered light from the input end and
from the first waveguide bending was recoupled back into the
output waveguide, causing additional polarization crosstalk and
ultimately reducing ER during the measurement. Secondly, the
utilized fiber-PBS in the measurement only generates polarized
light with an ER of about 35 dB, leading to the limitation
of detecting an ER higher than this value. In addition, the
measured IL is overall about 1 dB larger than the theoretical
IL. This is because the deviations of the thickness g of the SiO2

intermediate layer and the refractive index of SiON from the
design values will also increase the IL. To achieve smaller IL,
it is possible to scan the thickness g of the intermediate layer
and the refractive index of SiON, as well as use more advanced
lithography and etching processes.

IV. CONCLUSION

In summary, we have proposed and experimentally demon-
strated an on-chip TE-pass polarizer by using a SiON slab.
By adjusting the parameter g and the refractive index of the
SiON material, the quasi-TM00 mode field power is extended
to the SiON slab, while the quasi-TE00 mode field power is
well constrained in the SW. As a result, the quasi-TM00 mode
is mainly attenuated through radiation, while the quasi-TE00

mode passes through with minimal loss. Within the wavelength
range of 790 to 870 nm, the measured ER of the polarizer ranges
from 20.5 to 32.7 dB, and the corresponding IL ranges from 0.6
to 1.7 dB. Additionally, this design reduces the dependence on
the birefringence of the waveguide itself in principle, requiring
a larger minimal etching size of only 550 nm, and exhibiting
relatively shorter lengths compared to similar types, providing
an alternative polarization scheme for platforms with lower
refractive index contrast. It’s important to note that despite
achieving a reduction in length exceedingly tenfold compared to
solutions on the same platform [37], there remains a necessity
for further reducing the device length, especially considering
the demand for large-scale integration. This reduction should be
achieved without reducing ER or increasing IL. One effective
approach is to increase the number of bends to replace long
straight waveguides. This strategy leverages the fact that the
bending transmission loss of HW-quasi-TM00 is significantly
greater than that of HW-quasi-TE00, thereby enabling further
miniaturization while maintaining performance. Furthermore,
this polarization scheme enables the entry of scattered light
into the SiON slab, effectively reducing crosstalk within the
core layer. This is beneficial for systems applications such as
gyroscopes.



ZHANG et al.: DEMONSTRATION OF AN ON-CHIP TE-PASS POLARIZER 2200205

REFERENCES

[1] D. Thomson et al., “Roadmap on silicon photonics,” J. Opt., vol. 18, no. 7,
Jun. 2016, Art. no. 073003.

[2] E. C. Kintner, “Polarization control in optical-fiber gyroscopes,” Opt. Lett.,
vol. 6, no. 3, pp. 154–156, Mar. 1981.

[3] Q. Deng, Q. Yan, L. Liu, X. Li, J. Michel, and Z. Zhou, “Ro-
bust polarization-insensitive strip-slot waveguide mode converter based
on symmetric multimode interference,” Opt. Exp., vol. 24, no. 7,
pp. 7347–7355, Apr. 2016.

[4] L. Liu, Q. Deng, and Z. Zhou, “Subwavelength-grating-assisted broadband
polarization-independent directional coupler,” Opt. Lett., vol. 41, no. 7,
pp. 1648–1651, Apr. 2016.

[5] Y. Chen and J. Xiao, “Ultracompact and broadband silicon-based
polarization-independent 1 x 2 power splitter using a shallowly etched
multimode interference coupler,” J. Opt. Soc. Amer. B., vol. 38, no. 10,
pp. 3064–3070, Oct. 2021.

[6] J. Hou, L. Wang, C. Yang, B. Wang, and S. Chen, “Compact high extinction
ratio asymmetric polarization beam splitter of periodic rods waveguide,”
Appl. Opt., vol. 54, no. 34, pp. 10277–10282, Dec. 2015.

[7] C. Li and D. Dai, “Compact polarization beam splitter based on a three-
waveguide asymmetric coupler with a 340-nm-Thick silicon core layer,”
J. Lightw. Technol., vol. 36, no. 11, pp. 2129–2134, Jun. 2018.

[8] C. Li, M. Zhang, J. E. Bowers, and D. Dai, “Ultra-broadband polarization
beam splitter with silicon subwavelength-grating waveguides,” Opt. Lett.,
vol. 45, no. 8, pp. 2259–2262, Apr. 2020.

[9] S. Chen, H. Wu, and D. Dai, “High extinction–ratio compact polarisation
beam splitter on silicon,” Electron. Lett., vol. 52, no. 12, pp. 1043–1045,
Jun. 2016.

[10] Y. Kim, M. H. Lee, Y. Kim, and K. H. Kim, “High-extinction-ratio
directional-coupler-type polarization beam splitter with a bridged silicon
wire waveguide,” Opt. Lett., vol. 43, no. 14, pp. 3241–3244, Jul. 2018.

[11] H. Wu, Y. Tan, and D. Dai, “Ultra-broadband high-performance polariz-
ing beam splitter on silicon,” Opt. Exp., vol. 25, no. 6, pp. 6069–6075,
Mar. 2017.

[12] H. Zafar, R. Flores, R. Janeiro, A. Khilo, M. S. Dahlem, and J. Viegas,
“High-extinction ratio polarization splitter based on an asymmetric direc-
tional coupler and on-chip polarizers on a silicon photonics platform,” Opt.
Exp., vol. 28, no. 15, pp. 22899–22907, Jul. 2020.

[13] L. Gao, Y. Huo, J. S. Harris, and Z. Zhou, “Ultra-compact and low-loss
polarization rotator based on asymmetric hybrid plasmonic waveguide,”
IEEE Photon. Technol. Lett., vol. 25, no. 21, pp. 2081–2084, Nov. 2013.

[14] H. Xu, L. Liu, and Y. Shi, “Polarization-insensitive four-channel coarse
wavelength-division (de)multiplexer based on mach-zehnder interferom-
eters with bent directional couplers and polarization rotators,” Opt. Lett.,
vol. 43, no. 7, pp. 1483–1486, Apr. 2018.

[15] Y. Xiong, D. X. Xu, J. H. Schmid, P. Cheben, S. Janz, and W. N.
Ye, “Fabrication tolerant and broadband polarization splitter and rotator
based on a taper-etched directional coupler,” Opt. Exp., vol. 22, no. 14,
pp. 17458–17465, Jul. 2014.

[16] B. Bai, L. Liu, and Z. Zhou, “Ultracompact, high extinction ratio polariza-
tion beam splitter-rotator based on hybrid plasmonic-dielectric directional
coupling,” Opt. Lett., vol. 42, no. 22, pp. 4752–4755, Nov. 2017.

[17] X. Guan, P. Chen, S. Chen, P. Xu, Y. Shi, and D. Dai, “Low-loss ultra-
compact transverse-magnetic-pass polarizer with a silicon subwavelength
grating waveguide,” Opt. Lett., vol. 39, no. 15, pp. 4514–4517, Aug. 2014.

[18] Y. Xiong, D.-X. Xu, J. H. Schmid, P. Cheben, and W. N. Ye, “High extinc-
tion ratio and broadband silicon TE-pass polarizer using subwavelength
grating index engineering,” IEEE Photon. J., vol. 7, no. 5, Oct. 2015,
Art. no. 7802107.

[19] J. Chi, H. Liu, N. Huang, and Z. Wang, “High-performance transverse
magnetic mode-pass polarizer based on silicon nitride–silicon subwave-
length grating waveguide for mid-infrared wavelengths,” Appl. Phys. Exp.,
vol. 11, no. 4, Mar. 2018, Art. no. 042005.

[20] B. Ni and J. Xiao, “Subwavelength-grating-based compact and broadband
TE-pass polarizer for slot waveguides on a SOI platform,” J. Opt. Soc.
Amer. B, vol. 36, no. 8, pp. 2126–2133, Aug. 2019.

[21] M. Barona-Ruiz et al., “Broadband and low-loss TM-pass polarizer
using tilted subwavelength structures,” Opt. Exp., vol. 30, no. 21,
pp. 38930–38937, Oct. 2022.

[22] J.-M. Liu and D.-L. Zhang, “Ultra-broadband thin-film lithium niobate
TM-pass waveguide polarizer using subwavelength grating metamaterial,”
Opt. Laser Technol., vol. 164, Sep. 2023, Art. no. 109556.

[23] M. Barona-Ruiz et al., “High performance TM-pass polarizer via sub-
wavelength grating bandgap engineering,” in Proc. IEEE Silicon Photon.
Conf., 2023, pp. 1–2.

[24] G. Xiaowei, X. Peipeng, S. Yaocheng, and D. Daoxin, “Ultra-compact
and ultra-broadband TE-pass polarizer with a silicon hybrid plasmonic
waveguide,” Proc. SPIE, vol. 8988, pp. 213–219, 2014.

[25] B. Bai, L. Liu, R. Chen, and Z. Zhou, “Low loss, compact TM-Pass
polarizer based on hybrid plasmonic grating,” IEEE Photon. Technol. Lett.,
vol. 29, no. 7, pp. 607–610, Apr. 2017.

[26] B. Bai, F. Yang, and Z. Zhou, “Demonstration of an on-chip TE-pass
polarizer using a silicon hybrid plasmonic grating,” Photon. Res., vol. 7,
no. 3, pp. 289–293, Mar. 2019.

[27] B. Ni and J. Xiao, “Plasmonic-assisted TE-Pass polarizer for silicon-based
slot waveguides,” IEEE Photon. Technol. Lett., vol. 30, no. 5, pp. 463–466,
Mar. 2018.

[28] Y. Xu and J. Xiao, “A compact TE-Pass polarizer for silicon-based slot
waveguides,” IEEE Photon. Technol. Lett., vol. 27, no. 19, pp. 2071–2074,
Oct. 2015.

[29] J. R. Ong et al., “Broadband silicon polarization beam splitter with a high
extinction ratio using a triple-bent-waveguide directional coupler,” Opt.
Lett., vol. 42, no. 21, pp. 4450–4453, Nov. 2017.

[30] S. Wang et al., “Design of feasible Si-Si 3 N4 interlayer polarization
beam splitter toward 3D optical interconnect,” Proc. SPIE, vol. 11617,
pp. 502–507, 2020.

[31] H. Xu, D. Dai, and Y. Shi, “Anisotropic metamaterial-assisted all-
silicon polarizer with 415-nm bandwidth,” Photon. Res., vol. 7, no. 12,
pp. 1432–1439, Dec. 2019.

[32] H. Xu, D. Dai, and Y. Shi, “Ultra-broadband and ultra-compact on-chip
silicon polarization beam splitter by using hetero-anisotropic metamateri-
als,” Laser Photon. Rev., vol. 13, no. 4, 2019, Art. no. 1800349.

[33] H. Zafar, P. Moreira, A. M. Taha, B. Paredes, M. S. Dahlem, and
A. Khilo, “Compact silicon TE-pass polarizer using adiabatically-bent
fully-etched waveguides,” Opt. Exp., vol. 26, no. 24, pp. 31850–31860,
Nov. 2018.

[34] P. Chamorro-Posada, “Ultracompact integrated polarizers using bent
asymmetric coupled waveguides,” Opt. Lett., vol. 44, no. 8, pp. 2040–2043,
Apr. 2019.

[35] W. Liu, D. Dai, and Y. Shi, “All-silicon on-chip polarizer with> 415 nm
working bandwidth,” in Proc. IEEE 19th Int. Conf. Opt. Commun. Netw.,
2021, pp. 1–2.

[36] H. Zafar et al., “Compact broadband (O, E, S, C, L & U bands) silicon
TE-pass polarizer based on ridge waveguide adiabatic S-bends,” Opt. Exp.,
vol. 30, no. 6, pp. 10087–10095, Mar. 2022.

[37] J. F. Bauters, M. J. R. Heck, D. Dai, J. S. Barton, D. J. Blumenthal, and
J. E. Bowers, “Ultralow-loss planar Si3N4 waveguide polarizers,” IEEE
Photon. J., vol. 5, no. 1, Feb. 2013, Art. no. 6600207.

[38] W. Zhao et al., “Ultracompact silicon on-chip polarization controller,”
Photon. Res., vol. 12, no. 2, pp. 183–193, Feb. 2024.

[39] W. Liu, S. Zhao, H. Li, D. Dai, and Y. Shi, “Ultra-high performance
all-silicon TM polarizer covering O-U optical communication bands,” J.
Lightw. Technol., vol. 40, no. 22, pp. 7326–7332, Nov. 2022.

[40] N. Dhingra and F. Dell’Olio, “Ultralow loss and high extinction ratio
TM-Pass polarizer in silicon photonics,” IEEE Photon. J., vol. 12, no. 6,
Dec. 2020, Art. no. 6602311.



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 0
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /Algerian
    /Arial-Black
    /Arial-BlackItalic
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialUnicodeMS
    /BaskOldFace
    /Batang
    /Bauhaus93
    /BellMT
    /BellMTBold
    /BellMTItalic
    /BerlinSansFB-Bold
    /BerlinSansFBDemi-Bold
    /BerlinSansFB-Reg
    /BernardMT-Condensed
    /BodoniMTPosterCompressed
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolSeven
    /BritannicBold
    /Broadway
    /BrushScriptMT
    /CalifornianFB-Bold
    /CalifornianFB-Italic
    /CalifornianFB-Reg
    /Centaur
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /Chiller-Regular
    /ColonnaMT
    /ComicSansMS
    /ComicSansMS-Bold
    /CooperBlack
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /EstrangeloEdessa
    /FootlightMTLight
    /FreestyleScript-Regular
    /Garamond
    /Garamond-Bold
    /Garamond-Italic
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /Haettenschweiler
    /HarlowSolid
    /Harrington
    /HighTowerText-Italic
    /HighTowerText-Reg
    /Impact
    /InformalRoman-Regular
    /Jokerman-Regular
    /JuiceITC-Regular
    /KristenITC-Regular
    /KuenstlerScript-Black
    /KuenstlerScript-Medium
    /KuenstlerScript-TwoBold
    /KunstlerScript
    /LatinWide
    /LetterGothicMT
    /LetterGothicMT-Bold
    /LetterGothicMT-BoldOblique
    /LetterGothicMT-Oblique
    /LucidaBright
    /LucidaBright-Demi
    /LucidaBright-DemiItalic
    /LucidaBright-Italic
    /LucidaCalligraphy-Italic
    /LucidaConsole
    /LucidaFax
    /LucidaFax-Demi
    /LucidaFax-DemiItalic
    /LucidaFax-Italic
    /LucidaHandwriting-Italic
    /LucidaSansUnicode
    /Magneto-Bold
    /MaturaMTScriptCapitals
    /MediciScriptLTStd
    /MicrosoftSansSerif
    /Mistral
    /Modern-Regular
    /MonotypeCorsiva
    /MS-Mincho
    /MSReferenceSansSerif
    /MSReferenceSpecialty
    /NiagaraEngraved-Reg
    /NiagaraSolid-Reg
    /NuptialScript
    /OldEnglishTextMT
    /Onyx
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Parchment-Regular
    /Playbill
    /PMingLiU
    /PoorRichard-Regular
    /Ravie
    /ShowcardGothic-Reg
    /SimSun
    /SnapITC-Regular
    /Stencil
    /SymbolMT
    /Tahoma
    /Tahoma-Bold
    /TempusSansITC
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanMTStd
    /TimesNewRomanMTStd-Bold
    /TimesNewRomanMTStd-BoldCond
    /TimesNewRomanMTStd-BoldIt
    /TimesNewRomanMTStd-Cond
    /TimesNewRomanMTStd-CondIt
    /TimesNewRomanMTStd-Italic
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Times-Roman
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /VinerHandITC
    /Vivaldii
    /VladimirScript
    /Webdings
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /ZapfChanceryStd-Demi
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 900
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.00111
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 1200
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.00083
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.00063
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create PDFs that match the "Suggested"  settings for PDF Specification 4.0)
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


