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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.

140406-3


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

Y] 32 2 3R Acta Phys. Sin. Vol. 75, No. 14 (2026) 140406
(a) -
i ’;E:Z I I
< E H‘ o vl T 4
= =s, L}
el w i
In . " _ J: g
& e o -
& . i ]
B, ol
HEESHH s " i g e
o ‘ pe]]
(b) n
T E | Il
g i : "
2 e e g
In B O —_ —_
IE
= I
— g ] m) i Im
O Iu; L 1 T B
T © e A aaiiatan " iizie
o B T e T g g
(c) 0 (d) o
— TE-TEo Out 1: — TE(-TE, — TE;-TE,
Out 2: — TETE;, — TE;-TE,
—0.25 -8t
M m
= e
S~ ~
g £
& —0.50+ 2 —161
=) =]
g g
e e
—0.75 1 —24
—1.00 . . . 32 . , .
1.53 1.54 1.55 1.56 1.57 1.53 1.54 1.55 1.56 1.57
Wavelength /pm Wavelength/pm
P 3 A i B T I 1 B 45 (a) PR LB B I (W) LR 2548 . v ) 25 F4) TN e 28 25445 (b) PSR B xU5% 3 BT IR LR 454

T ] 25 F R 4 454 5 (c) PR S BT I B 4161 (d) PSR4 B0 TT 19 35 55 1%

Fig. 3. Simulated results of the mode-conversion sections: (a) Initial, intermediate, and final structures of the PR mode-conversion

section; (b) initial, intermediate, and final 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.

1B 76 1550 nm P K Ab, TE,-TE, #5 X 4% e 4%
B IL /NF 0.5 dB, UL &2 H #% fr A B 1L
#/NF 0.6 dB, CT ¥ /hF-22.3 dB.

W RUZHEIE I T . TE-TE, B s L
KA 52 s A4S &, Ae815 3] PR 1 PSR 1Y
RIS K. Hodh, PRI GR 45 th XUZ 4
T T/ TE,-TE, #0 ea L RIA B 11 PSR
FRT) 1y 235 440 P A2 T U5 5 DU fie 52 ] e 2 [
¥ . B, A DBS kXX — w0 b s A 17
52 Bk, BiSE st — 25T
fe. WAL HAR, 78 DBS &%, PR 1Y FOM

FOM=a x |TTM0-TE0| — (1 — a) X |TTM0-TM0| .

(4)

PSR ) FOM BR¥E X
FOM = a x (|Trg,-tEo| + [TTM™o-TEo|)

— (1= a) X (|Treg-t™o | + [Trme-mo ) 5 (5)
K, Ty 4 A BT, jBCFE 1550 nm
WK B o INERF. HAEENE, L
X St FR e 7R 1] 4 2 e | 5 60 8 60 S ZRAE
P e WY L . o) 2 e RN s (e SEZRHE R ih A
AP R Z MR B KT 0.1 pm, B 2%
T 2 SR/ B 1 35 R AR RO 22K Ah ) Brds E my
AL X B B O TR R BT, B MR R ot
HAAREM S LEMARIRE, H RSN 100 nm x
100 nm, YR 4 220 nm. PR I PSR () GH 454 |
rh ] 25 AE B A 2548 43 5 N & 4(a), (b) Fizs.

140406-4


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

#) 32 2 3R Acta Phys. Sin. Vol. 75, No. 14 (2026)

140406

4 PR 1 PSR B{j ELEE5

(a) PR AYHI b 2 | vh i) 5 R 28 254 5 (b) PSR BURIUR S5 | v [] 544 Flde & 454

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

and final 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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Fig. 6. Simulated results of the broadband PR: (a) Final structure; (b) light field distribution; (c) transmission spectra.
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Table 1.  Performance comparisons of reported PRs and PSRs.

Structure Design scheme Length/pm Performance/dB Bandwidth/nm
[18] Mode evolution 400 Measured CT < —13 1530—1580
[23] Mode hybridization 23 Measured ER > 17 1500—1540
[24] ADC 24 Simulated ER > 19 1500—1600
[16] ADC and DBS algorithm 10.8 Simulated CT < -17 1500—1600

This work Mode evolution and DBS algorithm 29 Simulated ER > 50 1550

PR Al PSR M3 REAT LT 3 FPLT] R IT,
Gy AR A B e e L AR R . R 18
ARSCIT BT 255 S O 48 9 A OC CR 1T
TR AT, AR AR AR — Bk, Tk BUH
FXF g R R B & AR
SOI *F-& . Sacher 45 U8 R FEHEATH LIS, BTt
H—Fh SZHEIE S PSR, 7E 1530—1580 nm 1Y
WRIEBN, Za R CT /NF-13 dB. A, it
afER g it X, B RSHMRR, K
FEZ12R 400 pm. Xie &5 P L F AL HLE , 42
T — P B IS PR, Z 8 R ST/, A
k23 pm, (HRNEE R LE I T o R b A ZiE 1k =2
PZIABESE AL, N T T AN 4%, Wang 55 24 3
TR A HIE, BT —FRKEA R 24 pm 1
ADC Z5#) PSR, 7 1500—1600 nm 5 5 3 [H
A ER KT 19 dB. SR, %45 ¥ 19 Tiek J2
JE R 250 nm, X ff 15 B AR ME 5 TS R B
220 nm MHADEF RS, FE), Qiao 5510
K DBS HikxF ADC 4544 PSR #47 T4k, #%
HRSFH 10.8 pm x 2.4 pm, CT /NT-17 dB. %
f iz ) Bt ik AT AR, RAT &N, B
CT {HRMIFANELAE. AT UL, A SCH) TAEARURT
4% 7 PR A PSR 9K BE, 1 HAECRERR IL Y [R]
SCLT R ER.

Bl R AR R RS T, B B EE R T
SO0 i B, X FBULF A MRS
S R IRA . AN, JEIE S M IR IR TR TR
LRGN & AR, Y5 TGS B
Wt , FEREHLA SRS S B BT R IR S 2
B A7 AR B R PR 2R BL ). A ROk im
ek P i R AS B A, i P B A A ST B %
J5 e A G B RIS 7 B8 XN R S,
PR i I 3 6 43 S0 2R A7 A B8 S G A R 9 4n
Zhao &5 2 I SEEL T —A> 96 I 1Y R EE A HE I
B A%, % &% F H PR Il PSR, ¥4 A TM

PrdRA XA TE B2, 24035 FA il TM
B . PR, AR R o345 F B A0 T,
R EERER PR M PSR AR b HL K
s A il 85 [l AR AL T R 3 LT SR T 2.

5 % #®

SOI BHH w31 8 22 L K 5 5 b4 & S Ak
P RIRFR B, BT R G UH B Y R
FPEG. M, 2o G E i 2 22 ek, wslk
TR E BTN, SRR ZHREEOC T
PRER TG IR AR DG RIRE. AR SCEE T SUZHEIR i 5
PR L BRIE, FFE B DBS Bk it — 24k
1k, it T RS K 29 pmx4 pm # PR 1 PSR.
PR B B 45 R 76 1550 nm 35 K AL, XFF
TM,-TE, B4, H IL fil ER 73091254 0.2 dB
1 79.8 dB, TE, Al TM, B RL 433l 254 41.5 dB
#1150 dB; PSR myfj &5 KM, 7E 1550 nm K
Ib, XFF TE-TE, B4, H IL il ER 20314y
3 0.4 dB #1 53.7 dB, TE, #il TM, i RL 43 %24
Jy22.5 dB Hl 32.6 dB, i Xt F TM-TE, # X 5%
2, HIL A1 ER 43002924 0.3 dB #1 52.7 dB, TE,
HTM, i RL 2+ 51254 33.3 dB Fi1 26.3 dB. A3
SF/NRSE mEfE PR L PSR UAIFSY, iR et it
A T I 1) D B A G [l At | 27

S 30k

[1] Tkach R W 2010 Bell Labs Tech. J. 14 3

[2] Yang Y L, Wu'Y, Hou M Z, Luo J S, Xie X L 2023 Neural
Process. Lett. 55 7135.

[3] Zhang J W, Bhuiyan M Z A, Yang X, Wang T, Xu X S,
Hayajneh T, Khan F 2021 IEEE Internet Things J. 9 22184

[4] Li C, He A L, Wen Y H, Liu G, Chronopoulos A T 2023
IEEE T. Serv. Comput. 16 3550

[5] Fukuda H, Yamada K, Tsuchizawa T, Watanabe T,
Shinojima H, Itabashi S I 2008 Opt. Express 16 4872

[6] Dai D X, Bowers J E 2011 Opt. Ezpress 19 10940

[7] Sun Q K, Chen H X, Wang T, Wang J Q, Yang J H, Jia H

140406-8


https://doi.org/10.1002/bltj.20400
https://doi.org/10.1002/bltj.20400
https://doi.org/10.1002/bltj.20400
https://doi.org/10.1002/bltj.20400
https://doi.org/10.1002/bltj.20400
https://doi.org/10.1002/bltj.20400
https://doi.org/10.1002/bltj.20400
https://doi.org/10.1007/s11063-023-11254-9
https://doi.org/10.1007/s11063-023-11254-9
https://doi.org/10.1007/s11063-023-11254-9
https://doi.org/10.1007/s11063-023-11254-9
https://doi.org/10.1007/s11063-023-11254-9
https://doi.org/10.1007/s11063-023-11254-9
https://doi.org/10.1007/s11063-023-11254-9
https://doi.org/10.1007/s11063-023-11254-9
https://doi.org/10.1007/s11063-023-11254-9
https://doi.org/10.1109/JIOT.2021.3103138
https://doi.org/10.1109/JIOT.2021.3103138
https://doi.org/10.1109/JIOT.2021.3103138
https://doi.org/10.1109/JIOT.2021.3103138
https://doi.org/10.1109/JIOT.2021.3103138
https://doi.org/10.1109/JIOT.2021.3103138
https://doi.org/10.1109/JIOT.2021.3103138
https://doi.org/10.1109/TSC.2023.3242338
https://doi.org/10.1109/TSC.2023.3242338
https://doi.org/10.1109/TSC.2023.3242338
https://doi.org/10.1109/TSC.2023.3242338
https://doi.org/10.1109/TSC.2023.3242338
https://doi.org/10.1109/TSC.2023.3242338
https://doi.org/10.1364/OE.16.004872
https://doi.org/10.1364/OE.16.004872
https://doi.org/10.1364/OE.16.004872
https://doi.org/10.1364/OE.16.004872
https://doi.org/10.1364/OE.16.004872
https://doi.org/10.1364/OE.16.004872
https://doi.org/10.1364/OE.16.004872
https://doi.org/10.1364/OE.19.010940
https://doi.org/10.1364/OE.19.010940
https://doi.org/10.1364/OE.19.010940
https://doi.org/10.1364/OE.19.010940
https://doi.org/10.1364/OE.19.010940
https://doi.org/10.1364/OE.19.010940
https://doi.org/10.1364/OE.19.010940
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

#) 32 2 3R Acta Phys. Sin. Vol. 75, No. 14 (2026)

140406

(8]
(9]
[10]

1]
[12]

13]

(14]

[15]
(16]

(17]

2022 Opt. Commun. 522 128665

Liu Y J, Wang S, Wang Y J, Liu W, Xie H C, Yao Y, Song
Q H, Zhang X L, Yu Y, Xu K 2019 Opt. Lett. 44 4495

Zhao W K, Peng Y Y, Zhu M Y, Liu R R, Hu X L, Shi Y C,
Dai D X 2024 Photonics Res. 12 183

Zhao W K, Liu R R, Peng Y Y, Yi X L, Chen H T, Dai D X
2022 Nanophotonics 11 2293

Wang Z C, Dai D X 2008 J. Opt. Soc. Am. B 25 747

Liu S W, Huo Y J, Cheng C, Niu J Q, Fu X, Yang L 2024 J.
Lightwave Technol. 42 1

Shen B, Wang P, Polson R, Menon R 2015 Nat. Photonics 9
378

Cheng J W, Huang C R, Zhang J L, Wu B, Zhang W K, Liu
XY, Zhang J H, Tang Y Y, Zhou H L, Zhang Q M, Gu M,
Dong J J, Zhang X L 2024 Nat. Commun. 15 6189

Ma H S, Du T, Zhang Z J, Jiang X P, Fang L, Yang J B
2023 Opt. Commun. 526 128912

Qiao X, Li Y H, Liu Y J, Zang Z G, Xu K 2025 ACS
Photonics 12 3256

Dai D X, Wu H 2016 Opt. Lett. 41 2346

(18]
(19]

(20]

(21]

[22]

23]
(24]

(25]

140406-9

Sacher W D, Barwicz T, Taylor B J F, Poon J K S 2014 Opt.
Express 22 3777

Ma H S, Yang J B, Zhao N, Chen H, Zhang Z J, Peng M, Du
T, Jiang X P, Wu J G 2024 Opt. Express 32 42908

Ferndndez de Cabo R, Sédnchez-Sdnchez A, Yang Y J, Melati
D, Alonso-Ramos C, Velasco A V, Gonzalez-Andrade D 2024
Nanophotonics 13 4037

Chang W J, Lu L L Z, Ren X S, Li D Y, Pan Z P, Cheng M
F, Liu D M, Zhang M M 2018 Opt. Ezpress 26 8162

Zhou S R, Wang Z C, Nong J, Li H T, Du T, Ma H S, Li S
Q, Deng Y H, Zhao F, Zhang Z J, Chen H, Yang Y, Zhang Z
F, Yang J B 2024 Opt. Ezpress 32 8506

Xie A B, Zhou L J, Chen J P, Li X W 2015 Opt. Ezpress 23
3960

Wang J, Niu B, Sheng Z, Wu A M, Wang X, Zou S C, Qi M
H, Gan F W 2014 Opt. Express 22 4137

Zhao W K, Peng Y Y, Cao X P, Zhao S, Liu R R, Wei Y H,
LiuDJ,YiX L, Han ST, Wan Y J, Li K, Wu G Z, Wang J,
ShiY C, Dai D X 2022 Nanophotonics 11 4299


https://doi.org/10.1016/j.optcom.2022.128665
https://doi.org/10.1016/j.optcom.2022.128665
https://doi.org/10.1016/j.optcom.2022.128665
https://doi.org/10.1016/j.optcom.2022.128665
https://doi.org/10.1016/j.optcom.2022.128665
https://doi.org/10.1016/j.optcom.2022.128665
https://doi.org/10.1016/j.optcom.2022.128665
https://doi.org/10.1364/OL.44.004495
https://doi.org/10.1364/OL.44.004495
https://doi.org/10.1364/OL.44.004495
https://doi.org/10.1364/OL.44.004495
https://doi.org/10.1364/OL.44.004495
https://doi.org/10.1364/OL.44.004495
https://doi.org/10.1364/OL.44.004495
https://doi.org/10.1364/PRJ.499801
https://doi.org/10.1364/PRJ.499801
https://doi.org/10.1364/PRJ.499801
https://doi.org/10.1364/PRJ.499801
https://doi.org/10.1364/PRJ.499801
https://doi.org/10.1364/PRJ.499801
https://doi.org/10.1364/PRJ.499801
https://doi.org/10.1515/nanoph-2022-0022
https://doi.org/10.1515/nanoph-2022-0022
https://doi.org/10.1515/nanoph-2022-0022
https://doi.org/10.1515/nanoph-2022-0022
https://doi.org/10.1515/nanoph-2022-0022
https://doi.org/10.1515/nanoph-2022-0022
https://doi.org/10.1515/nanoph-2022-0022
https://doi.org/10.1364/JOSAB.25.000747
https://doi.org/10.1364/JOSAB.25.000747
https://doi.org/10.1364/JOSAB.25.000747
https://doi.org/10.1364/JOSAB.25.000747
https://doi.org/10.1364/JOSAB.25.000747
https://doi.org/10.1364/JOSAB.25.000747
https://doi.org/10.1364/JOSAB.25.000747
https://doi.org/10.1109/JLT.2024.3435955
https://doi.org/10.1109/JLT.2024.3435955
https://doi.org/10.1109/JLT.2024.3435955
https://doi.org/10.1109/JLT.2024.3435955
https://doi.org/10.1109/JLT.2024.3435955
https://doi.org/10.1109/JLT.2024.3435955
https://doi.org/10.1109/JLT.2024.3435955
https://doi.org/10.1109/JLT.2024.3435955
https://doi.org/10.1038/nphoton.2015.80
https://doi.org/10.1038/nphoton.2015.80
https://doi.org/10.1038/nphoton.2015.80
https://doi.org/10.1038/nphoton.2015.80
https://doi.org/10.1038/nphoton.2015.80
https://doi.org/10.1038/nphoton.2015.80
https://doi.org/10.1038/s41467-024-50677-3
https://doi.org/10.1038/s41467-024-50677-3
https://doi.org/10.1038/s41467-024-50677-3
https://doi.org/10.1038/s41467-024-50677-3
https://doi.org/10.1038/s41467-024-50677-3
https://doi.org/10.1038/s41467-024-50677-3
https://doi.org/10.1038/s41467-024-50677-3
https://doi.org/10.1016/j.optcom.2022.128912
https://doi.org/10.1016/j.optcom.2022.128912
https://doi.org/10.1016/j.optcom.2022.128912
https://doi.org/10.1016/j.optcom.2022.128912
https://doi.org/10.1016/j.optcom.2022.128912
https://doi.org/10.1016/j.optcom.2022.128912
https://doi.org/10.1016/j.optcom.2022.128912
https://doi.org/10.1021/acsphotonics.5c00761
https://doi.org/10.1021/acsphotonics.5c00761
https://doi.org/10.1021/acsphotonics.5c00761
https://doi.org/10.1021/acsphotonics.5c00761
https://doi.org/10.1021/acsphotonics.5c00761
https://doi.org/10.1021/acsphotonics.5c00761
https://doi.org/10.1021/acsphotonics.5c00761
https://doi.org/10.1021/acsphotonics.5c00761
https://doi.org/10.1364/OL.41.002346
https://doi.org/10.1364/OL.41.002346
https://doi.org/10.1364/OL.41.002346
https://doi.org/10.1364/OL.41.002346
https://doi.org/10.1364/OL.41.002346
https://doi.org/10.1364/OL.41.002346
https://doi.org/10.1364/OL.41.002346
https://doi.org/10.1364/OE.22.003777
https://doi.org/10.1364/OE.22.003777
https://doi.org/10.1364/OE.22.003777
https://doi.org/10.1364/OE.22.003777
https://doi.org/10.1364/OE.22.003777
https://doi.org/10.1364/OE.22.003777
https://doi.org/10.1364/OE.22.003777
https://doi.org/10.1364/OE.22.003777
https://doi.org/10.1364/OE.539990
https://doi.org/10.1364/OE.539990
https://doi.org/10.1364/OE.539990
https://doi.org/10.1364/OE.539990
https://doi.org/10.1364/OE.539990
https://doi.org/10.1364/OE.539990
https://doi.org/10.1364/OE.539990
https://doi.org/10.1515/nanoph-2024-0291
https://doi.org/10.1515/nanoph-2024-0291
https://doi.org/10.1515/nanoph-2024-0291
https://doi.org/10.1515/nanoph-2024-0291
https://doi.org/10.1515/nanoph-2024-0291
https://doi.org/10.1515/nanoph-2024-0291
https://doi.org/10.1364/OE.26.008162
https://doi.org/10.1364/OE.26.008162
https://doi.org/10.1364/OE.26.008162
https://doi.org/10.1364/OE.26.008162
https://doi.org/10.1364/OE.26.008162
https://doi.org/10.1364/OE.26.008162
https://doi.org/10.1364/OE.26.008162
https://doi.org/10.1364/OE.507769
https://doi.org/10.1364/OE.507769
https://doi.org/10.1364/OE.507769
https://doi.org/10.1364/OE.507769
https://doi.org/10.1364/OE.507769
https://doi.org/10.1364/OE.507769
https://doi.org/10.1364/OE.507769
https://doi.org/10.1364/OE.23.003960
https://doi.org/10.1364/OE.23.003960
https://doi.org/10.1364/OE.23.003960
https://doi.org/10.1364/OE.23.003960
https://doi.org/10.1364/OE.23.003960
https://doi.org/10.1364/OE.23.003960
https://doi.org/10.1364/OE.22.004137
https://doi.org/10.1364/OE.22.004137
https://doi.org/10.1364/OE.22.004137
https://doi.org/10.1364/OE.22.004137
https://doi.org/10.1364/OE.22.004137
https://doi.org/10.1364/OE.22.004137
https://doi.org/10.1364/OE.22.004137
https://doi.org/10.1515/nanoph-2022-0319
https://doi.org/10.1515/nanoph-2022-0319
https://doi.org/10.1515/nanoph-2022-0319
https://doi.org/10.1515/nanoph-2022-0319
https://doi.org/10.1515/nanoph-2022-0319
https://doi.org/10.1515/nanoph-2022-0319
https://doi.org/10.1515/nanoph-2022-0319
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

Y] 32 2 3R Acta Phys. Sin. Vol. 75, No. 14 (2026) 140406

Silica-cladding polarization rotator and polarization
splitter-rotator with 50 dB extinction ratio”

MA HansiV? LIN Zhen" HU Dingqi?? LUO Yiqgian? KUANG Yingle!
ZHANG Ting!  XIA Haolin? TONG Yongdong! CAO YiV
GAO Huigin? GONG Yinli"V  GAN Longfei!) ZHAO Nal)
YANG Junbo?* WU Jiagui®ft

1) (School of Microelectronics and Physics, Hunan University of Technology and Business, Changsha 410205, China)
2) (School of Physics, National University of Defense Technology, Changsha 410073, China)
3) (School of Physical Science and Technology, Southwest University, Chongqing 400715, China)

( Received 19 January 2026; revised manuscript received 14 March 2026 )

Abstract

Silicon on insulator (SOI) is becoming a common platform for photonic integrated circuits because of the
high refractive index contrast and the compatibility with complementary metal-oxide-semiconductor technology.
The high refractive index contrast enhances the integration capability, but it also causes serious 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 TMyTE, modes are about 0.2 dB
and 79.8 dB at 1550 nm, and the reflection losses (RLs) of TEy, 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 33.3 dB and
26.3 dB. The proposed devices on the SOI platform with 220-nm-thick top silicon layer and silica cladding are
highly compatible 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

DOI: 10.7498 /aps.75.20260095 CSTR: 32037.14.aps.75.20260095

* Project supported by the National Key Research and Development Program of China (Grant No. 2022YFF0706005), the
National Natural Science Foundation of China (Grant Nos. 62305387, 12305268, 12075014), the Foundation of National
University of Defense Technology (Grant No. ZK23-03), the Natural Science Foundation of Hunan Province (Grant Nos.
2023JJ40683, 2023JJ40223, 2024JJ6184, 2023JJ30195), and the Scientific Research Foundation of Hunan Provincial
Education Department (Grant Nos. 24B0575, 22B0655, 22A0435).

1 Corresponding author. E-mail: mahansi2024@163.com

i Corresponding author. E-mail: yangjunbo@nudt.edu.cn

11 Corresponding author. E-mail: mgh@swu.edu.cn

140406-10


http://doi.org/10.7498/aps.75.20260095
https://cstr.cn/32037.14.aps.75.20260095
mailto:mahansi2024@163.com
mailto:mahansi2024@163.com
mailto:yangjunbo@nudt.edu.cn
mailto:yangjunbo@nudt.edu.cn
mailto:mgh@swu.edu.cn
mailto:mgh@swu.edu.cn
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

Chinese Physical Society

%ﬂ *ﬁActa Physica Sinica

Institute of Physics, CAS

50 dBIH YL AL RE R B mIR e S A R IR e R e

LM Ik ATH FARE TTREA KIS ARK EWA ¥ SEX EFH HAT R HRE X

He 5k

Silica—cladding polarization rotator and polarization splitter—rotator with 50 dB extinction ratio
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