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WE. BT — AR E T FEEL %% A ik 2 K 4 2 (Polarization Splitter Rotator, PSR) . % £ 1 i # A
T™,-TE, MR L EARE 4 (Asymmetric Directional Coupler, ADC) EMWMER D RBEA L, G THAE
% (Particle Swarm Optimization, PSO) 1 4 4 46 60 & 3B (6 b J5 o0 84 & K Z X h 45 pmo A A B3 7 IR 2 2 5%
(Finite Difference Time Domain method, FDTD) & %5 3 AT B, 5 H & F % ¥ . §Eﬁﬁ‘)\'l‘Eu K B, 78 100 nm (1500~
1600 nm) 7 % A B A7 K46 N 31 4£ (<0. 007 dB) (K # 31 (<-28.7 dB) . & R 4k ¥ ot (>49. 1 dB) 5 #r A TM, 4 &
LA C BB B A R AE AN AE(<0.34 dB) IR & 3£ (<-47. 1 dB) , B R 3k i Lt (>15.5dB), B A& 0 K
1550 nm L FE AN ARFEEAR K 0.06 dB. s, BHHAZHTT AN, EREXAZBEHEARFNES K, Ik
IHHY PSR B & AR AR IR U RAR B3 i, E R R AME L F ERGA 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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Fig. 1

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

The PSR is composed of mode converter and mode
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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
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Table 1 Structure parameters of TM,—-TE, mode converter optimized by PSO

Geometric parameters W, A, A, A, A, A Ag A, Aq W,
Width/pm 0.4 0.6 0.7 0.6 0.6 0.7 0.6 0.7 0.9 0.9
R2 HEBENSRETM-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

G4 A S B B 2 (TR, B2 1] B AR X (TR, 5
LRSS . WE 6(a) iR B o o2 th 22 A7
AR 5 2B, 485 S e i 1 A SV o A o S
i 18 A7 I 1) S B W ,=0. 85 pum ( H AT St A5
AT ), AR E A R A 0%, 5K PSO
S AL U A AT R AR T, PR I R 22 T Y
] B =100 nmo X 72 3 45 ¥4 2 501 700 16 e 45
Y, P8 A 95 B W.=0. 35 wm, 555 B W,=0. 45
o, KA R 25 4 2 4 ol 7 B, BT A AR Ak
Bl T 0.35 & 0.45 pm Z i . & X FOM =
~10log,( Py, 1, ) 1 1 PSO 19 41 1k 06 %, Lo
Py A0 3R TE-TE, £52 204 & 20 %, FOM Ffi &
P g WIZHTIE TN o 80 2 AR T 50CH
20 15F, PR I AR SRR I B . &t 15 UG
Ak 5 FOM AU SL , 78 e Rk AR ECh 40 B GRER
2520 /NI ), FOM 8/ 5 0.027 7, B AL T
99. 3% MR A 30% , T3k 3 PSR MERBZEK , LT
B o A B L, 5 T 20 um, 3R 34115 T PSO
AL S B o AR 1 22 I R 25 S8 B 6(a) it
7R A PSO AL G 2 E S5 R R AL IR, 11 6 () BT s
FOM Fifi 1% A U O I i A8 Ak B 4 I SR T ok ik
PR, B A R B RS K AR R R

®3 PSOMUEEADRBLRSEMSH
Table 3 Left
mode beam splitter optimized by PSO

waveguide structural parameters of

Geometric
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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
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variation process of FOM 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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Fig. 7 Mode profile transmission distribution: (a) TE, mode
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with wavelength: (¢) TE, mode incident, (d) TM, mode inci-
dent
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Table 4 Performance comparison of mode evolution PSR
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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 - 3 000 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+SWGY 0.5(1 550 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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Fig. 8 Tolerance analysis: (a) A g=+10 nm, (b) A g=-10 nm,
(¢) Aw,=+10 nm, (d) Aw,=10 nm, (¢) Aw,=+10 nm, (f) Aw,
=-10 nm, (g) A w,=+10 nm, (h) A w,=-10 nm, (i) A w,=+10

nm, (j) Aw,=10 nm
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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
BB <0.34 <-47.1 >15.5
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