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WE BT — A3 TR E TR %% A ik 2 K e 4 2 (Polarization Splitter Rotator, PSR) . % £ 1 i 4 A
T™,-TE, MR L EARE 4 (Asymmetric Directional Coupler, ADC) MW R D RBEA g, G THE
% (Particle Swarm Optimization, PSO) 7 £ 4 46 60 & 3B (6 b J5 o 84 & K Z X h 45 pmo A B3 IR 2 2 5%
(Finite Difference Time Domain method, FDTD) & % 3 A7 B, 5 H & F % ¥ . §Eﬁﬁ‘)\'l‘Eu K B, 78 100 nm (1500~
1600 nm) 7 5 A B A4 K46 N3 4£ (<0. 007 dB) (K # 31 (<-28.7 dB) . & R 4k ¥ o H (>49. 1 dB) 5 #r A TM, 4 &
B 72 A CORB A A R AR FE(<0.34 dB) IR B £ (<-47. 1 dB), & R ik L b (>15.5dB), L& 0 K
1550 nm 2L FE AN FEEAR K 0.06 dB. s, st BHHAZHTT AN, EREXAZBEHEARFNEE K, ik
IHH PSR B & AR A NR T U RAIR B, E R R AME L FERMA LA EE N HAME,
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Silicon-based C-band low-loss compact polarization splitter rotator
based on PSO algorithm

HUI Zhan-Qiang"*, LIBin"?, LI Tian-Tian'*, HAN Dong-Dong'?, GONG Jia-Min"’
(1. Xi 'an Key Laboratory of Microwave Photon and Optical Communication, Xi’an, 710121, China;
2. School of Electronic Engineering, Xi’an University of Posts and Telecommunications, Xi’an, 710121, China)

Abstract: A compact polarization splitter rotator (PSR) based on the principle of mode evolution is proposed. The de-
vice consists of a tapered TM,-TE, mode converter and a mode splitter with an asymmetric directional coupler (ADC)
structure, optimized by particle swarm optimization (PSO) and the principle of spline interpolation. The device is simu-
lated using the finite difference time domain method (FDTD). The numerical results show: for TE, mode input, a low
insertion loss (<0. 007 dB), low crosstalk (<-28.7 dB), and high polarization extinction ratio (>49. 1 dB) in the 100
nm (1500~1600 nm) bandwidth is achieved within a device length of only 45um. On the other hand, for TM, mode in-
put, a low insertion loss (<0. 34 dB), low crosstalk (<-47. 1 dB), and high polarization extinction ratio (>15. 5 dB) in
the whole C-band is achieved. The insertion loss value at 1550 nm is reduced to 0. 06 dB. In addition, the tolerance of
the device is analyzed and the results reveal that the proposed device is robust. The designed PSR has small loss, com-
pact size, and low crosstalk, which are important for future applications in large-scale photonic integration.
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1 P i i A T e o A X3 T 2 2H A PSR (a)
=4SSR R, (b) IR R
Fig. 1

beam splitter: (a) 3D view, (b) side view

The PSR is composed of mode converter and mode
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The Effective Refractive Index
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Fig. 2 The effective refractive index (TE,. TM, and TE,
modes) of air-clad strip silicon waveguide versus waveguide

width (central wavelength 1 550 nm)
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Fig. 3 Flow diagram of PSO optimization
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Fig. 4

view of structure after PSO combined with spline interpolation

(a) Top view of PSO optimized structure, (b) top

fitting, (c) the variation of mode conversion efficiency with
device length after different iteration times and interpolation

optimization

5 (a) TR WA S BT L TE AT,
A58 2 ) D A i 1 A s P 52 X 0 i 20 o B
R, B TE B IR AR R T 100%
(Y e B AL, 3% B TR A5 R 0 TE 88 2 i A% A
O, T T A 2 g A = 2 A IX I 5 46 h TE,
BEE L A AN [T RS A 4 BE AR X 13 1) TE, A TM 5
KB oA, AT LU th FEOL R AL 7 i f2 b TE,
LT R FEAAS W% T Through S /& %y , 1l TM,
WEB ARG TE 2, K5 (h) A SCBH45 1
53Ckas R rxt b E nTLUE L TR TM-TE,
HEE e 2 AE O AT S5 40 S T SR (IR A4 AR AE
[, B B /N TR o a1
2.2 #wEXHH=F

4 TM B X5 4ok TE A0S AR 8% TE, 52X
I3 B TE B . oh T 46 %0 PSR K
JE I 4 A 0 B RS X AR 43R ADC

Table 1 Structure parameters of TM,-TE, mode converter optimized by PSO

Geometric parameters W, A, A, A, A, A A A, Ag W,
Width/pum 0.4 0.6 0.7 0.6 0.6 0.7 0.6 0.7 0.9 0.9
R2 HEBRENSRETM-TE X ERB[EHSH
Table 2 Structure parameters of TM,—~TE, mode converter optimized by spline interpolation fitting
Geometric parameters W, B, B, B, B, By By B, By
Width/pm 0.4 0.6 0. 65 0. 68 0. 65 0.6 0.59 0.6 0. 65
Geometric parameters B, B, B, B, B, B, B, B W,
Width/pm 0. 68 0. 65 0.6 0. 64 0.7 0.8 0.85 0.85 0.85
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mode field distribution with device length under optimal pa-

(a) Variation of mode conversion efficiency and

rameters, (b) other mode converter related literature for com-

parison
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o , HRER) UG 25 H 550 A 7 B, A B B Y AR AR
Bl 7 T 0.35 & 0.45 pm Z [ . & X FOM =
~10log( Py, 1, ) 16 0 PSO 1) 41 4k b8 %5 o
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I B S LS N TR WA N D=t YA 4 )
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FOM Ffi %A URBE i A2 AL B 46 B B oR T i oKk
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®3 PSOMUEEADRBLRSEMSH
Table 3 Left
mode beam splitter optimized by PSO

waveguide structural parameters of

Geometric

C G, C C C C W

1 3 4 5 6 4

parameters

Width/pm 0.37 0.45 0.45 0.32 0.38 0.42 0.37 0.45

Of Merit(FOM)
s =

Fig
g

K6 (a)PSOMLALIEAHIMHLI , (b) FOM BEIRARUEL ) A2
P TR, H7 1R 40 YO AU RS 2UHE 5 28R BERE 5 18
it e
Fig. 6

variation process of #OM with the number of iterations, the in-

(a) Top view of PSO optimized structure, (b) the

set shows the variation process of mode coupling efficiency

with the coupling length at 40 iterations
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(Insertion Loss, IL) . 833 (Crosstalk , CT) A & 114G
It (Polarization Extinction Ratio, PER) o Xf T i A
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Ly, = =10logo(PR™) . (5)
CTyp, = 101log, Py Py ) (6
PERy;, = ~101log, (Pl /Pie) . (7)
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PER,,, = -10 logl"(P%;:/Pm‘) (10)

BEXE BT 09 PSR, £ FH FDTD J 32 5 4% i 11
2 ) S D AT BB 2 B, 15 7 () F1 (d) 4 531
JETR T M B TE, Al TM, A% 2 B, 12 PSR 7
1 500~1 600 nm P L FE N IPERESE. IEI 7(c)
sl LUE 45 TE LU 78 1500~1600 nm I
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Fig. 7 Mode profile transmission distribution: (a) TE, mode
incident, (b) TE, mode incident, plot of IL, CT, and PER
with wavelength: (¢) TE, mode incident, (d) TM, mode inci-
dent
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Table 4 Performance comparison of mode evolution PSR

Structures IL/dB PER/dB CT/dB Length/pm Bandwidth/nm Results
Taper+ADC™! - >10 - 71 70 Sim.
Ridge+ADC""! <0.5 - <-50 130 200 Sim.

Ridge+ADC+MMI"> ~1.5 >17 - 3000 35 Exp.
Taper+MMI! <2.5 - <-12 153.7 100 Exp.

Ridge+Y branch""’ <0.4 >12 - 95 400 Sim.
Taper+Y branch'** <1 - <-14 272 100 Exp.
Taper+SWG'**! 0.5(1550 nm) - <-19 151 74 Sim.
Ridge+Y branch™’ <6 >10 - 800 35 Exp.
ADC+Ridge+Taper >’ <0.9 - <=20 62.8 60 Exp.
This Work <0.34 >15.5 <47.1 45 35 Sim.
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Table 5 Tolerance analysis of structural parameters

Structural parameters 11/dB CT/dB PER/dB
g+10 nm <0.52 <-46 >15.2
w,210 nm <0. 35 <-47.1 >15.4
w,210 nm <1.25 <-44.3 >13.3
w,210 nm <0.34 <-47.1 >15.4
w,£10 nm <0.34 <-46.9 >15.6
RS <0.34 <-47.1 >15.5

4 it

AR SCBET T — i e TR A SO A ARG
AR LA K e D B TG L 1Y PSR, i 478 H HE 2 T™ —
TE, R 4 85 -5 3 X5 PR 5E 1)l 5 2540 B 0 TR
a2, F ] PSO L 45 G Ak A5 47 1 I BEOXT 25
LS BGEAT T AL 3@ 3k FDTD X #4414 R #5417
P55 S5 2R R 3% PSR i &b S T I I 7 AR Jie
MRy IhRe A C P B NI AR /N T 0. 34
dB, B HRAR T -47. 1 dB, i HRIHOL LK T 15.5 dB,
HAE 1 550 nm 0 K A4l A AFE(E 9 0. 06 dB.
W Ah X g RIVE A 220047 T 00 A , R S5 28
TE A g=+10 nm, A w,=+10 nm, A w,=+10 nm, A w,=
+10 nm , Aw,=+10 nm ZEAL IR EE N, 75354 C ) B,
P UL B A R 06 L L P AN 3252 0 o AH B[] 2 Y 52
B ERAY PSR, AR SCHT B B 25 F H AT /IR R4
FE AT ER R AR i I T ' Fo A R L AR R T LA
T 2 AP 52 1 LR R | B0 74 A
1] et 257 @5

References

[ 1] SOREF R. The Past, Present, and Future of Silicon Photon-
ics [J1. IEEE Journal of Selected Topics in Quantum Elec-
tronics, 2006, 12(6): 1678-1687.

[2] STOJANOVIC V, RAM R, POPOVIC M, et al. Monolithic
silicon—photonic platforms in state—of-the—art CMOS SOI
processes [ ] 1. Optics Express, 2018, 26(10): 13106.

[3] MANOLATOU C, JOHNSON S, FAN S, et al. High-Den-
sity Integrated Optics [J]. Journal of Lightwave Technolo-
gy, 1999, 17(9): 1682-1692.

[4] BARWICZ T, WATTS M R, POPOVI, et al. Polarization—
transparent microphotonic devices in the strong confine-
ment limit [ J]. Nature Photonics, 2006, 1(1): 57-60.

[5]HE J, JIAO L., CUI H, et al. A polarization—independent
terahertz modulator based on metamaterials with symmetric
structure; proceedings of the Infrared, Millimeter—Wave,
and Terahertz Technologies I1I, F, 2014 [C]. Beijing,
2014.

[6] ABDELSALAM M, SWILLAM M, MAHMOUD A. Polar-

ization—independent dielectric metasurface for mid—infra-



140 g hh 5 2 oKk I e 42 3%

red applications; proceedings of the High Contrast Meta-
structures VII, F, 2018 [ C]. San Francisco, 2018.

[7] CONRADI H, DE FELIPE D, KLEINERT M, et al. Hy-
brid integration of a polarization independent optical circu-
lator; proceedings of the Proc SPIE, F, 2020 [C]. San
Francisco, 2020.

[8] FUKUDA H, YAMADA K, TSUCHIZAWA T, et al. Ul-
trasmall polarization splitter based on silicon wire wave-
guides [Jl. Optics Express, 2007, 14(25): 12401-12408.

[9] FUKUDA H, YAMADA K, TSUCHIZAWA T, et al. Sili-
con photonic circuit with polarization diversity [J]. Optics
Express, 2008, 16(7) : 4872-4880.

[10] GAO L, HUO Y, HARRIS J S, et al. Ultra—Compact and
Low—=Loss Polarization Rotator Based on Asymmetric Hy-
brid Plasmonic Waveguide [J]. IEEE Photonics Technolo-
gy Letters, 2013, 25(21): 2081-2084.

[11] LIU L, DING Y, YVIND K, et al. Silicon—on—insulator
polarization splitting and rotating device for polarization di-
versity circuits [1]. Optics Express, 2011, 19 (13)
12646-12651.

[12] ZHAO Y, QIU C, WU A, et al. Broadband Polarization
Splitter—Rotator and the Application in WDM Receiver
[J]. IEEE Photonics Journal, 2019, 11(1): 1-10.

[13] DONG P, XIE C, CHEN L, et al. 112—=Gb/s monolithic
PDM-QPSK modulator in silicon [J]. Optics Express,
2012, 20(26) : B624-629.

[14] J1 H, ZHOU X, SUN C, et al. Polarization—diversity re-
ceiver using remotely delivered local oscillator without op-
tical polarization control (1] Optics Express, 2020, 28
(15): 22882-22890.

[15] ZHANG L, YANG S, ZHANG G, et al. Broadband 2x2
Polarization Splitter—Rotator Based on an Adiabatic Asym-
metric Directional Coupler on the Lithium—Niobate—on—In-
sulator; proceedings of the Asia Communications and Pho-
tonics Conference, F, 2020 [C]. Beijing, 2020.

[16] SOCCI L, SORIANELLO V, ROMAGNOLI M. 300 nm
bandwidth adiabatic SOI polarization splitter—rotators ex-
ploiting continuous symmetry breaking [J]. Optics Ex-
press, 2015, 23(15): 19261-19271.

[17] YU K, WANG L, WU W, et al. Demonstration of an on—
chip broadband polarization splitter and rotator using coun-
ter—tapered coupler [J]. Optics Communications, 2019,
431(15): 58-62.

[18] GUAN H, NOVACK A, STRESHINSKY M, et al.
CMOS-compatible highly efficient polarization splitter
and rotator based on a double—etched directional coupler
[J]. Optics Express, 2014, 22(3) : 2489-2496.

[19] TU X, LI M, XING J, et al. Compact Polarization Split-
ter—Rotator Based on an Asymmetric Bi-level Lateral Ta-
per in an Adiabatic Directional Coupler [J]. Journal of
Lightwave Technology, 2015, 34(3): 1-1.

[20] XIE C, ZOU X, LIP, et al. Ultracompact silicon polariza-
tion splitter—rotator using a dual-etched and tapered cou-
pler [J]. Applied Optics, 2020, 59(30): 9540-9547.

[21] XIONG Y, WANGiEMERT-PéREZ J, XU D, et al. Po-
larization splitter and rotator with subwavelength grating
for enhanced fabrication tolerance [J]. Optics Letters,
2014, 39(24): 6931-6934.

[22] XIE C, ZOU X, ZOU F, et al. High—performance ultra—

compact polarization splitter—rotators based on dual-etch-
ing and tapered asymmetrical directional coupler [J]. Chi-
nese Optics Letters, 2021, 19(12): 121301.

[23] TAN K, HUANG Y, LO G-Q, et al. Compact highly—effi-
cient polarization splitter and rotator based on 90° bends
[Jl. Optics Express, 2016, 24(13): 14506-14512.

[24] JTIANG W. Fabrication—-Tolerant Polarization Splitter and
Rotator Based on Slanted Silicon Waveguides [I]. IEEE
Photonics Technology Letters, 2018, 30(7): 1-1.

[25] DAI D, BOWERS J. Novel concept for ultracompact polar-
ization splitter—rotator based on silicon nanowires [J]. Op-
tics Express, 2011, 19(11): 10940-10949.

[26] GUAN H, NOVACK A, STRESHINSKY M, et al. High-
Efficiency Low—Crosstalk 1310-nm Polarization Splitter
and Rotator [J]. IEEE Photonics Technology Letters,
2014, 26(9): 925-928.

[27] GUO D, CHU T. Broadband and low—crosstalk polariza-
tion splitter—rotator with optimized tapers [J]. OSA Contin-
uum, 2018, 1(3) : 841-850.

[28] ZHANG B, LI 'Y, QIANG F, et al. Switchable Polariza-
tion Beam Splitter Based on GST—on—Silicon Waveguides
[J1. IEEE Photonics Journal, 2020, 12(2): 1-1.

[29] DAL X, LU Q, GUO W. Fabrication—Tolerant Polarization
Rotator—Splitter based on Silicon Nitride Platform; pro-
ceedings of the Optical Fiber Communication Conference,
F, 2021 [C]. Washington, 2021.

[30] DING Y, OU H, PEUCHERET C. Wideband polarization
splitter and rotator with large fabrication tolerance and
simple fabrication process [7]. Optics Letters, 2013, 38
(8): 1227-1229.

[31] WANG J, NIU B, SHENG Z, et al. Novel ultra—broad-
band polarization splitter—rotator based on mode—evolu-
tion tapers and a mode-sorting asymmetric Y—junction
[1]. Optics Express, 2014, 22(11): 13565-13571.

[32]SUN C, CHEN G, ZHANG X. A Low Crosstalk and
Broadband Polarization Rotator and Splitter Based on Adi-
abatic Couplers [J]. IEEE Photonics Technology Letters,
2016, 28(20): 1-1.

[33] KEYVANINIA S, BOERMA H, WoSSNER M, et al.
Highly efficient passive InP polarization rotator—splitter
[J]. Optics Express, 2019, 27(18): 25872-25881.

[34] MA M, PARK A, WANG Y, et al. Sub-wavelength grat-
ing—assisted polarization splitter—rotators for silicon—on—
insulator platforms [J]. Optics Express, 2019, 27 (13) :
17581-17591.

[35] PERESTJUK M, BOERMA H, SCHINDLER A, et al. In-
verse—Designed InP—Based Polarization Rotator—Splitter;
proceedings of the Optical Fiber Communication Confer-
ence, F, 2021 [C]. Washington, 2021.

[36] BUSTAMANTE Y, FARIAS G, ANDRADE H, et al.
Demonstration of a Silicon Polarization Splitter and Rota-
tor based on a Bow—tie Structure [ J]. Photonics and Nano-
structures — Fundamentals and Applications, 2021, 45
(10): 100921.

[37] DENG C, LU M, HUANG L, et al. Reconfigurable and
low—power consumption polarization rotating beam splitter
with EIT-like effect based on SOI ridge waveguide [1].
Optics Communications, 2021, 495: 127054.

[38] ITO M, FUKUI T, TANEMURA T, et al. Compact sym-



i SEH 45 T PSO STk R C UL B AURE S8 M b 40 o % 2 "

metric polarization rotator—splitter on InP [1]. Optics Ex- phy [I]. Nano Letters, 2020, 20(7): 4916-4923.

press, 2022, 30(3): 4179-4188. [41] SELVARAJA S K, BOGAERTS W, DUMON P, et al.
[39] LIU Y, WANG S, WANG Y, et al. Subwavelength polar- Subnanometer Linewidth Uniformity in Silicon Nanopho-

ization splitter — rotator with ultra—compact footprint [J]. tonic Waveguide Devices Using CMOS Fabrication Tech-

Optics Letters, 2019, 44(18) : 4495-4498. nology [J]. IEEE Journal of Selected Topics in Quantum
[40] QIN L, HUANG Y, XIA F, et al. 5 nm Nanogap Elec- Electronics, 2010, 16(1): 316-324.

trodes and Arrays by a Super-resolution Laser Lithogra-



	引言
	2.1　TM0-TE1模式转换器
	2.2　模式分束器


