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Fig. 1. Three-dimensional schematics of the PR and PSR:
(a) PR; (b) PSR.
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Fig. 2. Simulated results of the polarization-rotation section: (a) Top view; (b) performance variation with the taper length.
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Fig. 3. Simulated results of the mode-conversion sections: (a) Initial, intermediate, and finial structures of the PR mode-conversion

section; (b) initial, intermediate, and finial structures of the PSR mode-conversion section; (c) transmission spectra of the PR mode-
conversion section; (d) transmission spectra of the PSR mode-conversion section.
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IL #1 ER 43531254 0.4 dB 1 53.7 dB, TE, #1 TM,
1 RL 4391294 22.5 dB #1 32.6 dB, 1%} F TM,-
TE, # X f4 #e, H IL A1 ER 43 % 2 4 0.3 dB Fl
52.7 dB, TE, il TM, ) RL 25 %) 4 33.3 dB Al
26.3 dB.

4 7 W
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TE 1550 nm B— i K A4b, Frixit PR #l PSR
1 ER #1535 3KT 50 dB B9 Hiw. T FOM R

(a) PR AYRIRR LS | (B 2540 Rl e 4 4548 ; (b) PSR R AR 2 | i (] 25 4 Rl i 24 45 4

Fig. 4. Simulated structures of the PR and PSR: (a) Initial, intermediate, and finial structures of the PR; (b) initial, intermediate,

and finial structures of the PSR.
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Fig. 5. Simulated results of the PR and PSR: (a) Transmission spectra of the PR; (b) transmission spectra of the PSR.
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e, IL /T 1.5 dB, ER Fi1 RL 433K T 23.4 dB
177 dB. A2 R 2E7E-10—10 nm {75 FEIR, 78
1550 nm I K AL, X} F TE-TE, 8 # #:, PSR
# IL A757NF 0.9 dB, ER A1 RL 435K F 32.9 dB
F117.2 dB, i X T TM,-TE, #2053, 1L 757N
F 1.1 dB, ER M RL 435K F 32.4 dB #117.3 dB.

4.3 wEfFMEREXTEE

T B T PR AT PSR /NRSE &
PEREDLF, AL &8 i vt &l 8(a) fr s 1Y
PSR YRR M. iZ A F R R T R TR 2R
220 nm, bA12 0 ZELRER SOL 6. HARRIE
el AT S 1) B A\ U B RN i O R i) 3R E R
0.4 pm F10.836 pm. FIFRFEEEM 0.4 pm HE 2 4 pm,
PR/ 0.836 pm. BIAH POTRHE TAEXFRE
W # A #% (asymmetric directional coupler, ADC)
SERVETT, IR B SR 1 0.836 pm T E T
FH 1A 0.4 pm SEMHEA B S, ETHSS
PP T Z [ B (B) B 58 B2 0.2 pm. HE A
5 A DL FEIR S i AR A o T, AR
FE 8 pm. FE T 5 4 i T 2 TR A AR ] R
FERER 1 pm. A0l 8(b), (c) B, ML KR
A KB 52 pm 1 18 wm B, 7E 1550 nm
PRAL, X T TETE, #H i, ORI TL 2904

() O

Transmission/dB

1

1
F— TL (TM,-TEq)
— ER (TM,-TMy)

—60
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K6 FEi PRIGITESR  (a) BZL5H; (b) B350 () BEDLIE

Fig. 6. Simulated results of the broadband PR: (a) Finial structure; (b) light field distribution; (c¢) transmission spectra.
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Fig. 7. Fabrication tolerances of the PR and PSR: (a), (b) PR device performance variation with rib thickness and pixel size;

(c), (d) PSR device performance variation with rib thickness and pixel size.
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Fig. 8. Simulated results of the traditional PSR: (a) PSR Structure. (b), (¢) Transmission spectra of the PSR.
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Table 1.  Performance comparisons of reported PRs and PSRs.

Structure Design scheme Length/oxm Performance/dB Bandwidth/nm
(18] Mode evolution 400 Measured CT < —13 1530—1580
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birefringence effects. Therefore, polarization sensitivity has become a major challenge for most silicon-based
optical devices. Polarization diversity schemes are often used to address the polarization issues. Polarization
rotators (PRs) and polarization splitter—rotators (PSRs) are the key components of polarization-diversity
circuits. To achieve a balance between small size and high extinction ratio (ER), the 29 pm x 4 pm PR and
PSR with 50 dB ER are proposed via an inverse design algorithm based on the mode evolution of a bi-level
taper waveguide. The simulated results of PR indicate that the insertion loss (IL) and ER for the TMy-TE,
modes are about 0.2 dB and 79.8 dB at 1550 nm, and the reflection losses (RLs) of TE, and TM, are about
41.5 dB and 50 dB. The simulated results of PSR
indicate that the IL and ER for the TE,TE, modes
are about 0.4 dB and 53.7 dB at 1550 nm, and the RLs
of TE, and TM, are about 22.5 dB and 32.6 dB. In
addition, the IL and ER for the TMy-TE, modes are
about 0.3 dB and 52.7 dB at 1550 nm, and the RLs of
TE, and TM, are about 33.6 dB and 26.3 dB. The
proposed devices on the SOI platform with 220-nm-
thick top silicon layer and silica cladding are highly
compatibility with conventional silicon-based optical
devices. This work provides a reference for addressing

polarization-sensitivity =~ problems in  silicon-based

optical devices.

Keywords: 50 dB extinction ratio, polarization rotator, polarization splitter-rotator, silica cladding
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