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Table 1 Performance comparison of different material platforms

Platform SOI SizNy LNOI LTOI
Refractive index 3.48 1.98 z21 (o) 2119 (o)
2.14 (e) 2.123 (e)
Transparent window/pm 1.1~6.5 0.3~4.6 0.35~5.5 0.28~5.5
Thermo-optic coefficient/K™" 1.8x107* 2.5X107° 3.3X107° 2.47X107°
Electro-optic coefficient/(pmV~") 0 0 30.9 (ys3) 30.5 (ys3)
Second-order nonlinear coefficient/(pmeV ") 0 0 27 (dyy) 26 (dy;)
Third-order nonlinear coefficient/(m*W ") 4.5X10°" 2.5x107" 1.8X10°" —
CMOS compatible Yes Yes No No

TEMRZ B BHF- £, SOTLLH CMOS T2 e 7 il 15 i B W s 37 5 300k L B A A 35 K I it ok
FOEF R TR B o T S R R 3 i B BE 0 T A BB 06 7E OR 4R AR S il 45 AR 1 TR
IRF S BT /N A i A B T RO o AR, Xt S B0 3 0 D ) R R S i AR, i B R 1Y)
BOEHAE . HAT, 5T SO MRR B9 QRS AF 10 8% . M2 R, SiNELG BRI bt R X} e o 58
14 30 K 375 B S 1B L 7 3 15 D BE TG UG 7 W A, 08 7 B (R 224 48 3 1) i 4 T R R B AN Iat S B RE , T 52
P QE(~10°) M B E MRR. BEAk, 56 58 J %00 AU B IR A0, SiaNuJsioh R b 48 BB I d5c e iF Ik
ERTFHEZ— M3 TR R AR S 200 T2/ #E25  LNOTFE 5 R A fE L #0480 14 40 7k 4
FRAR 7RI HAE NS R T KB LB . T LNOIA MRR 89 Qi Fe i ik 8] 10° 8 20 . HAL S 60 AR gt
5 AR L A5 b R A R OB AR B SR B R AT B . VR 5 LNOTZE U 4 D RE A Ik
LTOTHLAT 5555 (1 ST 5 850 0 A 38 1 e 6 4 48 B8 77, BE 8 47 R il MRR A [a] s 41 455 2 22 1] 1 #8 4 , HL
BEFE S mOL R TR TR, i, B A ML TAEAE LTOL 28 T QA ik 107 H MRR. T DK B 40 4
205 Q1H MRR MBI 58 3§ S HAR SE 3 J5 vk, 38 2~38 4 43 ) 3 4F- 2K SOT.SisNLLL K LNOI/LTOI- 5 I i
QM MRR PERES Hry B gh , Horp R oh MRR 25 il 350 43 1Y S5 R0k 45

*®2 ETFSOIMMRRIEEESH
Table 2 Performance parameter of MRR based on SOI

Waveguide Type Bend WX H/pm R./pm FSR/GHz Q Q, Loss/(dBscm™') Reference
Ridge All-Pass  Arc — 150 105.6 — 1.57X10° 0.35 20111
Ridge All-Pass  Arc 2.05x1.22 2 450 5.35 — 2.20% 107 0.027 20121
Strip All-Pass  Arc 3X0.22 450 — 1.32X10° — 0.3 2015

Ridge+Strip All-Pass  Arc 0.5~3X%0.22 — — 3.6x10° — — 20164
Ridge Add-Drop  Arc 0.5~2X%0.22 20 26 1.1X10° 3.16X10° 0.21 2018+
Strip Add-Drop Euler  0.5~2X0.22 — 14.5 — 6.6 10° — 2020
Strip All-Pass  Euler 1.60.22 29 1125  1.3X10° 2.3X10° 0.3 2020
Strip Add-Drop Euler 1~2X%0.22 30 115 3.9%X10°  5.3X10° 0.127 20224
Strip All-Pass  Euler 3X0.22 115 40.6  0.94X10" 1.02X10° 0.065 202247
Strip All-Pass  Bezier 0.45~1.6X0.22 20 125 1.86< 10" — 0.24 2024
Ridge All-Pass  Arc  0.9~11X0.22 50 250 1.3X10°  2x10° 0.3 2024
Strip All-Pass  Euler 20.22 18.2 115 4.8X10°  9.6x10° — 2024
Strip All-Pass  TO 20.22 10 26 7.8X10° 1.13X10 0.058 2025
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Table 3 Performance parameter of MRR based on SizN4

Fabrication Bend WXH/pm R,/mm FSR/GHz Q, Q, Loss/(dB'm ') Reference
Subtractive+ Annealing  Arc 3%0.6 0.1 24.7 1.4X107 1.7Xx 107 2.1 2016
Subtractive+CMP Arc 2.5X0.73 0.115 — 3.5X 10 3.7X10 0.8 201757
Damascene+ Annealing ~ Arc  1.58X0.81 — 98.9 — 1.5X 10 — 2018
Subtractive+ Annealing ~ Arc 2X0.74 — 100 — 1.25X 10 — 2019
Subtractive Tanh  2.6X0.73 0.131 174 — 3.18 X 10 1 20211
Damascene+ Annealing ~ Arc  2.2X0.95 — 40 — 3107 1 20217
Subtractive+ Annealing ~ Arc 8X0.1 1 30 1.5 10° 2.2X10° 0.1 2021
Subtractive+ Annealing ~ Arc ~ 11X0.08  11.787 — 4.81xX10°  7.2X10° 0.034 2022
Damascene+ Annealing  Euler — 2.2X0.9 — 19.8 — 1.3X107 2.4 2022
Standard Process Euler 3X0.8 0.195 65 6.7X10° 1.08x 107 3.3 20237
Subtractive Arc 2.4X0.81 — 100 — 1.4Xx10 2.6 20231
Standard Process Euler 1.5~7X0.8 0.124 40 6.5X10° 6.8X10° 5.1 2024
Subtractive Arc  2.8X0.8 0.2 - - 2.56 X107 1.6 20257
Damascene+ Annealing ~ Arc 2.2X0.9 — 100 — — 3.57 2025

%4 ETFTLNOI/LTOIH MRRM¥#E5#
Table 4 Performance parameter of MRR based on LNOI/LTOI

Platform Bend  Width/pum/ Rib/Slab/nm R./pm FSR/GHz Q Q Loss/(dBem ') Reference
X-cut LN Arc 2.4 350/250 80 — 5% 10° 1X107 0.027 2017
X-cut LN Arc — — 100 211.3 8x10"  1.08x10° 0.0034 2022'™
X-cut LN Are 2.4 300/30 140 150 — 5% 10° — 2022
Z-cut LN Arc 2.1 600/0 40 500 — 4.9%10° 0.085 2023
X-cut LN Arc 3 600/0 — 81 — 1X 10 0.04 2023
X-cut LN Euler 5 300/300 250 56 4.1x10°  6X10° 0.067 2023
X-cut LN 2.6 1.05X10° 1.85X10° B
ZeniN 4 300/300 120 C 761X10° 9.27X10° a 20z
X-cut LN Arc 4.5 325/275 200 — 2.36X 10" 2.93x 107 0.013 2024
LN Arc 1.2 300/300 150 — — 1.1X10° 2025
X-cut LN  Euler 1.2 350/250 — 14.6 3.02X10° 5.53X10° — 2025
X-cutLT  Arc 1.5 300/300 200 106.3 2.7X10°  8.4X10° 0.47 2024
X-cut LT  Arc 2 400/200 — 100 — 4.56%<10° — 2024
LT Arc 1.5 350/250 80 — — 3.3 10° — 2025
X-cut LT  Arce 2.1 500/100 — 29.6 — 7%10° — 2025
X-cut LT  Arc 4 200/200 100 225 1.48X10" 2.33X 10 0.0188 2025
X-cut LT  Arc 1.5 200/200 108 — 1.23X10° 2.09%X10° 0.2 2025

22 HEBIZMHK

i HEO' 2 1 B 2P B A T T 20 Y kAR B TR AR DY D T TR S B Q {1 MMIR A% KR
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W, O Ak T 3 T2 AR e 3R TEDREL R I BB 6 i PR IR AR . 2001 4F , LEE K K48 7F 436 nm G £k
UV GZIF RIE B FE Al E 51 AR AT 1 120 K i S A0 B RDRS B2 DA 10 nm FEAIK % 2 nm, {1 0.5 pum 58 B4R
W FFEM 32 dB/em i FREE 0.8 dB/em™ . B 5, DUMON P %575 2004 4 | ] 248 nm DUV S %1 Fil gk
A% G 45 B F K (Inductively Coupled Plasma, ICP) 1§ 5 (1) RIE £ R |, Jo 75 #4404k BV a] 4 7] 288 35 -5 4 € e A1
£ 2.4dB/em™, [F4E,NIEHUSMANN J 4§ it # F #  % ( Electron Beam Lithography , EBL) 5 ICP-RIE
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FE SCH MRS A0 0y B T 45, S T 2R AR O 20 pm ., 13k Q S 1.39 X107 1 MMR, X I 19 3% 3 45 AR 2
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LOCOS) H RSB T JC 75 20 b i 3 T o 3, AR A5 7 M RE RS B2 A 0.3 nm 98 -3 I 5, IR 78 2011 4F- il
# 242 50 pm AR AE Q R 5.1 X 10° 1 MMR , X R 1) % F 4R FE L9 4 0.8 dB/em™ . Al 4 ,NEZHAD M P % D)
AR (HSQ) MU SIOLPE 8 LOCOS WY 8 AL 15, JO 75 45 40 20 A K B, 4R 45 17248 150 pm (A Q
1K 1.57 X 10"/ MMR,, 3% P FEBE— £ K 2 0.35 dB/em™ . 20124F ,BIBERMAN A %5 1 1 it 21 i 44 [l
A AL ST W B AR U S 20 D R A 00 RE KRS BE L BT AR AIE Q @ ik 2.2X 107 i MRR, B 2 42 5 ik
2.45mm"™, 20234F ,MARIN Y E 58 7E 3 pm J& k- & L4 i 45 ) B3 8 MRR $E AT 2018 JCOF3 , 76 PR A
) R RELRE A TR] AR 5 0l S LA AR RS ,FSR A 5.6 GHz ARAIE QA% 1.43 X 10",

SisNAE A B BRI AFEOG I T AR & T T LA RIS B2 6 . F7E 1987 4F ,HENRY C H 555kt
Xt SN T BAERFE SR IT T RGPk StsNwth 28 B R Si0, T2 R B A el 17 e m
T Aol 0 %) T s 53 6, I T Al 19 0 12 220 ol o) 58 T o A S v B OB B S1aNLAE £ A1 B i A AR
DR W AT W, 3 3 v il AR K B AR T W SCHR A  f  FAE 1.3~1.6 pm il {5 P B AEAR T 0.3 dB/em. B
SR 3 I A5 B F R 38 5 Ak 24 S M DAL (Plasma—Enhanced Chemical Vapor Deposition, PECVD) AJ D 52 8 AI B
3 TEBLBL SisN i B (H FLR i 1) 3 S S R A BB 5 A 3 I S B AR SR T QI MRR Y HIE .
M7 2R FER Ak 22 S A DT R (Low—Pressure Chemical Vapor Deposition, LPCVD) ilill £ A9 Si;Nu 38 il 245 8545 /Y
2 1 B R AR Y & A, 2 S IR R SN S 0 DG o (H LI Y SN R IR ER T R )k BR A
FE 250 nm DL, S 200k ol 3 BRI AR 55 SR T A B0 . 2009 4F , GONDARENKO A 4558 1 i J&
PEA VLRI R4 774 nm JEE (Y STsNL RS, I 25 G 't 220 e $44 ] 3t o 82 sl 10k T 25 19 220 ot o, 48 v TR K 5
BT A2 20 pm ARAE Q S 3 10° [ MMR , X B (1 9% 4 FE 20 0 12 dB/m"™ . 20134F, LUKE K 4538 i 76 4%
1 JE B 5 1A AL 00 R EL T & B3 300 25 1) 2R 801 %, 0 SR 43 26 D0 RR I 45 11 910 nm JEE A SEaNG R, 528 T
AR 115 pm AAE QK 7X10°M MRR, I S8 AE FFE % 4.2 dB/m ™. 20164 ,KIPPENBERG T J R84 #
OGRS T2 SR AR S REVE N R, 43 50 5 F EBL FDG 205 SO T A RS i R 52 O i ik
Z itk e 7% 31 S1O,%F L 2R A LPCVD — R 52 1 SisNG i ULAR , 22 J5 fifi B AL 2# ML L 5% (Chemical Mechanical
Planarization, CMP) BB 2 4% 19 SisNAF REE AT = IR A M F e DT Ao 20 20 il iy 1% Ge stk 1220,
7 1k EL A T 1 20 ik B EL L RE A 0RE G T BE A R TR RO 8 A2 S T 2 4R 238 pm 3R Q
9 3.7<10°f MRR . 2017 4, JT Xingchen % 78 i 12 T. 25 v 2R I 10,40 8 Z 1%, 38 i 22 5 Wi O [ IR £k i
B, 5 R e AU e 2 ik R CMIP 52 30 B 0 G I8 1 D 5 3R T & R AR 115 pm R AE QIR 3.7 X107/
MMR, Il S HFERE L 2 0.8 dB/m"" . 20184F , KIPPENBERG T J I8 41 75 )6 F K 5 135 T2 b it — 45 %t
TR ) S10, 4 IS I BE HE 47 v IR AE KO, S8 T FSR M 99 GHz ARAE Q 1.5 10" MRR™ ., 2021 4%,
PUCKETT M W 45 5% F & VR 58 L U 2 454, IR A6 TL 200 S DA 5 nm JE 19 SENLE 35 )2, 008 T IS
F A, 2R KOIF DI SIO, )2 JG MRR M AR E Q fix i 14 3] 4.22 X 10°, H W YA 4 #6 R 1 19 A fiE Q 34 3
3.4 10", 2022 4F,LIU Kaikai %78 PUCKETT M W (% T/E 3 AE 8% 9% 5 5 B M 40 nm 5 K 2] 80 nm),
A5G B9 MRR AAE Qi 8 3k 7.2 X 10° SF ¥ 35 51 5.65 X 10°, 44 I F-#1AE M 0.06 dB/m &£ ) 0.034 dB/m"*”,
AL FE STaNLIE Sl #5 L LPCVD b 3 WA T &= b 2R PECVD P SiNGH I . 2023 4F, J1
Xingchen 253 53 PECVD JUAL 730 nm J& A AR R F1 SisNL e I 0 FH 4 B3 7 07 R A1 D S 110 32 i LR 32
IR JCHT T i #8 B9 MRR AIE Q 2 7.24 X107, TMiiB K 5 AR Q5] 4.7 X 10°, SE L T 5 LPCVD A8 4 i 5 #E 7K
-0, KIPPENBERG T J BRI 7E 2018 41 15 YK 438 4 J@ 24 00 (WA 8% k) J S ' 5 W SC 458 A 11 o 22
SR LT £ 1) Sia NS Hh 4 2% 5 A i A v, AT RE S B0 S T WO, R ATF Y £ 06 T AU A T (4N Si-H
HEON-HHE) B 520 . 2025 4F I PRI 8 14 2% 5T R U5 T A o B A A S el T O A R W e v AN R
P RR R R BR R, B BRI T B T b B SV L FSR O 100 GHz B9 MRR 9% -5 45 #8 43 51 B AR 2
3.57 dB/m 1 4.21 dB/m"",

e e R e B2 B (LINDO, , LN) #3448k 9 Bl sl it 28 008 iU 5, A AV 9 4 S5 238 X L 32 6l ' 37 B A
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BOME L AE R B QIR IR e B RGO T T (CRR)

AE RS , SR RS BR AL F i RE 55 M DL S 3 4 . LNOTME & 5 7 #E 2000 4F AR ) 4 42
H T TE A B T R T RS I ORI v O PR LNV A A B 48 AR IS 1 OB UL SOT I &
g, 76 2 10 RE R GO0 Ak T T ek R AR L T LN OB RE R T AIUARAE B K Ak 2 b R 5 A A 22 TR R K g
SRR E & RS, 2017 4F ,ZHANG Mian 2876 X U) LN 38 52 00 Ak A9 G125 85 5 1 B T 1k 200 T2 8 Ik
SEPE 2.7 dB/m BB AR I SRR, T R 45 Y M B MRR 2B AR 0 80 pm ARFE QI F) 1X 10", 2022 4F , F F
FURZ IR R T CMP A X ) LN R A Rk 42 ol 4 ) 5 v B, S RO S 7R B AR 1 L MRR B 48,
IR CMP ¥ HFL 78 2 LN, 2 J5 X i S R Mk A7 ke ™ o & r i A 2ok s 1 & U1 5 Ak
ZI BB AR 300 AR B, SE BT 242 100 pm ARE Q 53K 1.08 X 10° () MRR, i F+#01#€ 4 0.34 dB/m , #%
VT LN AR e i FE A B, [A)4F , SHAMSANSARI A 255 3o 48 <38 K FK IR ICP-C VD Wi Sio, 49
28 LN IS 0 W e 83 FE BRI 22 0.2 dB/m, 78 X V) LN FSEE T 242 140 pm AAE Q 2 5 10° () MRR™ .
20234F ,GAO Yan 5§ % H] MaN 2405 5 21 e 15 > # 1 DA el 38 20 ik i 6 L, (NG o — %6 18 O R 20 ok B T 52 30
P 0 4 20 b, AR FE TR 43 220 i 8 A D 4 T 3 PR AIR MRR 2428, IR SC-1 85 W 25 B 8 S 00 BE 1 1) i)
FEY) L HE Z YD LN 45 19 40 pm 242 MRRFBIARME Q5 5] 4.9 10° i T #E°4 8.5 dB/m"™ . [Al4F, LI
Zihan 2538 1 51 A 284 W A7 % ( Diamond-like Carbon, DLC)fE#E I T. 2, B 21 ph i B U N 1542 T &2 31, 1%
XY LN 528 7T FSR A 81 GHz AME QM A 1 X 1078y 38 A MRR'™ ., [ 7 ¥k 20 p0h T. 2, ZHUANG
Rongjin % 7 & T LN B 75 Z1 0 T2, 3% /0 BI7E X U1 . Z ) LN B S8 T ARAE QME K 1.85X10°,9.27 X 10° 1
MRR"™ 2024 4, ZHU Xinrui %5 38 12 4 i 95 i 20 1ok % B IF 45 A b 408 Uk i IRGR K S5 5 b B T2 78 X
LN _ESEH T2 4% 200 pm AE Q ik 2.93 < 10 i #1 7& A MRR™' . 20254 ,BARY A P %57 15 4 i i 4 iz
B v 3 3 O T R L AR B S ) A A B T T D R ST IR R BRI AR E Q M 1.8 X 107 T &
L.1X 10", B (LiTaO,, LT)fE b5 LN M BEAR 2 (AR, © P 5G 5 47 08 I #5975 oK 55 B R ML 2B
PR AR AR T LN, B I LA AR 58 #4005 . 2024 4, WANG Chengli %3 F DLC M fiE# T 2528 1T LT
TR B A T G s BT R 4% Y B AE T MIRR 78 SR 36 JR /38 J5 & L AR AiF 28 58 /) 18 31 26.8 MHz/42 MHz, 43
B R 5.6 dB/m 1 8.8 dB/m (4 i AL . 2025 4F , ZHANG Junyin % {fi Jf] [7] #p T2 35453 7 FSR N
29.6 GHz AMFE QA H] 7} 10" (Y ML il % MRR™ . []4F , HE Jianfeng 55 R F S1O,/F A BEHEAST , 76 5 21 ph = F
AR &, R MTHLRE IR 2 0.481 nm, 78 X YT LT L3R4S T 2E42 100 pm AAE Q B3k 2.33 X 10" MRR'™,
23 KE&EWET

SR R SRR ) T2 AR I R R O T RIS e AT R T AR CMOS T2 AR &
BLAS 8 2 2% B R M DL SR RO AR ke AR BRI . B A A T 2 3 H A Al (Multi-Project Wafer,
MPW) Il 55 i PRk & R 5 H 4 56 35, WF 98 A DL O 38 3 4 LA Sy ROV IO IR 5 880 & 0 R & . Btk 78
HEM T AR B AU 2450 LS B & QA T /N RSH 9 MRR A 3 JLAF B I 58 #40

Tk 25 Ay sk G E) ER P AL 2 P [l S, A A A% SR B BB S T TR A DU O SR AR A R Ak A%
AHEG 258 T A T X o 3 1% v B o) B S5 AR b 1D RR R LY 3 5 R RE ) B ) S AR TN R B
AL AR RE S, (ELAE TS I O T b AR 5 K A Ml T R A s AR DL R IR S R R R e
WL T EM . LEE K K %3 T HU R FE BLE BRI 58 T 2% 0% 5 98 B 5 U AR Z M A 56 & Bl 5 % 5 98
VB TR, b 1 R i 249 SRR i 5 R 00 R (R B R RS R RS B AE W (R TE D T RE SRR 2 A
B 1L i, 76 /NS i A2 T 28 50 B v B A T R S AR R A L i . SPECTOR S J 442
T —FR A L/ 2B SO SR I 454, >R FH 28 15 5 DA R AR A% S 4006 | 45 5 585 25 oty Ji e LA 30 ¢ A6 ] R
Yo, 151 46 FHE IS 50 B 38 22 10 A0 e 5B e 0 e, 0 0 vk SR - i O T A LB S B FE R 2.9 dB/em
LR FHFE R 0.18 dB/cm IR A 25 H B9 B HFE R 0.32 dB/em™ . 3Rl 25 # £ 8k T T Q A M13E % MRR 1Y
VAT L B S 0 (I AR RE R 1 3 Ao 398 U R 4 K DA A S RS O R R, DT AR U
SEHHFE 4R E MRR A Q1 H 3 KA K2 S B FSR /N, 8 B S0 20 e AR AR A 25 I S
GUILLENTORRES M A #5281 7 35K 37 mm 7148 Q 7 3.6 X 10° (i 2 MRR'™ . GRILLOT F %658 T
SO I 245 RUSF X 9 AR FE 1 52 00, 24 3 5 R SF M 550 nm X 550 nm Jk 7 1] 260 nm X 260 nm i, 1% 4
FRAFERE 0, 10 24 RS 2 — 25 /I B A i 5 RE S ik 2D | X 2 RN R 0 T e T 2 R E
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ko oE M

J2 P DT A ARG 1 55 LA 00 R ) o B0 o TRDRE ML, 3 T R R T HL 45 A A SN T AT LS BB Qi
MRR™ SR 1 e 2 K G 25l - 42 tho PR T 42 AR A adE — 2B 4R T

D525 e MRR B 5 22 80 43, FF R ARURE /N B AR I I 25 i X T 9K FSR L Q MRR A
B X o MARCATILIE A J RSG50 HT 1 F0 1 #8008 75 111 i 5 00 % 1% S A v 5 BRE ML, O 98 Hh 2 olly 6 S 45
FE RIS 2 T 58 AR 2 B3 A0 A 00 S5 400 6 =2 A1 Y B B RE SR UL A il I S v R A 3 A2 0 RO B T AT 1) A
I f B% , EL Y 2R 2 A0 /N B I 7™ 1, 5 I B AR AR B R . (RS ik T 5
Ul 5 7 T B2 b AT 8 1) O B (Lateral Offset)™, DA =3 Z IR (A 37 T &, (HL 400 K G 04 D B et 0 R 6 ofis
FEME o, T2 2578 22, ol 450 10 R 7 22 0] RE 23 51 ABAM R RO FE . A 38 o 76 25 il I S A 51 A
25 S (Groove Etched) ™™, m] DA4R & 8 ) $r 5 3R X e B, 903 63 Ao i 038 n T T2 B Ak, Bz
SR I 07 TR R ST T A R S 1 e AR Bk f Ak e = 5E AP . MELLONT A S5 48 ) — i DT i 25 iy
(Matched Bend) #3138 2 44 25 il i 5 4 3 1 o S 485 34 4 0 3 50 (i S 5 — i oy oA A 4 257 i A iy 5
B WA, TR G358 4 A b B O S AY LR . YUAN Wangqing %5 X 12 5 3 $2 1 3% 58 A4 45 i
W), i DC i 25ty AR A I Ak A5 AR N T AR G e i i . 2 )R YU Hongyan 254512 5 5 18 FH T % ML
LR S, A5 80 2 o T ST A STNGDE S A0 VT BE A Il 2 42 40 5 14.5 pm A1 19 'L 8K 11 DT g 75
il 4 D0 P A LA T AR DG X LA S RS A 1

AH T D Pl A IS R A I S R RT LA A b SRR 0 A A L R XS e 2
AR AE N RIS D S T i o Hevh B B AR 45 4 T 3 0 S B U RE T, T il R AR 4 4 T S
P 5545l I 2 1A U . NITEM J 45 SR FH 6 A A [0 A0 [580 F0 4 2 38 138 o 28 B 8 , S B T FSROK
2 nm AME QA 2 X 10° A REFRE MRR™ . X T i 5 MRR i 5 , 108 5 515 40 R NI S5 00 3 42 40 i R OR %
S, S HCE A WO A (R SR AE . SHEEHAN R N %548 T 7% 2 it R 48 1k 19 3% 315 121, 58 2o {of iy
R T AR S 1 AR Ak, ST G 0 S ok U T 0 A 2 T R D R RE . AR R i R B I AR K
7R A O F 38 2o BT 1 4R O R A e 282 i SR 0 5 0 A% BIF S 6 LT R e e B E R 2R R BRI
il SR 2R P R AR AL TR S il I S A AR RE R S B LR R T A R 2 AR /N T 300 pm B 45 FE B
ZR T AT H UL 0 4 B i A 4 R 25 i (Euler Bend) ™ 1 %8 SR 25 ] (Bezier Bend )™ ™ iF %/
4% 3% 725 il (Sine/Cosine Bend)"" " | = ¥ ¥£ 45 i1 £& (Cubic Spline) """ &5 | 45 & R 90 5 46 #4519 IR A 2%
pECO A B T T AF IS I R B A MR R A4 TR LI R S 45 R K . BAHADORI M
NS I S R RE AR Oy JR S S 4 10 R B 3 o A Tk /M AR L A B SR O R SRR AL AR
B BT 5 pm AR 90 Fe A5l 7 AH L T 907 B SISy 119 15 FLARFERE AR 85%6 . SONG T H 4538 it W] i
o507 U RS AR S R e e E i R B AR L FE 2 pm AR ST il B R b ST T
0.012 dB/90° Ay 25 i 451 #E 0 SRy il 2 B2l 9 5 op A9 W B AR %, PATHAK S 2845 50715 5 b B v 4 11
1R BOME A 5 ) AU 5 R T 38 e AR AU il 5 el 5 B o AR 4 0 5 K O, s B R S I Y
P T I 3% R R B A Dolph-Chebyshev B 9 i il 52 o 40, 38 2 577 95 1) i S5 2o I8 S5 290 6505 14 55 400 1) 7 B
P Ayl R S H S BOR L R A B . BRSO Ak Oy L 3 F a1 3 31 (Inverse Design,
D) 1 48 5% 2% ( Transformation Optics, TO)™ 't BE 52 B FE AR B I /DR SH BRI S 245 # . SUN
Chunlei % 7€ B -5 RS 1 P 5 22 18] 51 A — %P5 20 4 28 3l b0 7 B S i AL LA S 480, S0 B 1 2 424
H5 pm JHABFEAR T 0.2 dB A PAK T — 22 dB Y 551 0 4 PR XURE 25y 9% 5 LT Shuyi 253 1o 398 28 #e
¥ H s ) v S g e S R ) R 0L s T R Y LI, O A R 0L R R R i S RROIR DA R K Ak
ST 0 A 1) B B S5 i e EL Bl S [ 4 L s ) A5 S e R M A I S A RS R 17 pm,
Fr pu A 2 AR FE S T 0.5 dB R T — 17 dB™

BT bR L PR i P S, AT LAARAS R QM /N ST Y M i MRR, SLEL i Q f MRR B9 &5 # 4n 181 5
Fros o o, B2 il v i ol 792 . 2020 4E , ONURAL D 25 5% B 500 nm T A4 BiCHE 25 i F1 2 wm 98 89 2 9%
ST T RESL B IE A MRR, 3015 19 FSR ok 14.5 GHz AME Q R 3.6 X 10", A4, ZHANG Long %5 % i &
E BRHL2S Hl % E T 1.6 wm B 64 L B TE B MRR, 5/ 235 2B A2 R 15 pm, FSR 28 0.9 nm A fE Q K
2.3>X10", 2022 4F ,BAT Mou % fifi Fi§ 450 nm % i D € /R 25l A1 1.6 pm 98 19 LI A 73K 17.3 mm |
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BOME L AE R B QIR IR e B RGO T T (CRR)

@ '

——annt®

Circular bend Euler bend Bezier bend Sine/cosine bend
(b)
—— = ‘J J —
Hybrid bends Widening width Lateral offset Groove etched

B4 AR EHEM " (DERET (b)) KA b
Fig.4 Common waveguide bending structures'™. (a) Basic bends; (b) Improved bends

AR Q F 1.54 X 10° W ik 3 MRR™ ., [A4E , COHEN L M 2583 T 1 pum 58 19 BRF7 25 il A1 2 o 55 09 1 5, 52
BT FSR A 115 GHz AAE Q Ry 5.3 X 10° () fiE 3 fg 18 1 MRR™ . b 4h, ZHANG Long %5 iF — 25 {1t Ak Wk hr 25
M T K /N il 2 AR U 60 pm, 76 3 pwm B A9 fE JE P 1A Y MRR 3R 9 FSR 4 0.325 nm A Q 7 ik
1.02X 10", 7£ SN 1, T Xinru 55 56 F A2 i SE 8 7 FSR A 19.8 GHz AE Q 13k 1.3 107 1) i i
B MRR™ . 20234, CUI Shuai %5 3R H 3 pm % (19 2 850 T 85 & RS il 15231, e /NS il 2 4240 100 pm,
FEARE MPW 1.2 F 528 T FSR R 65 GHz  AAME Q 5 ik 1.08 X 10" 1y SisN.# i& # MRR'™ . [ 4%, WEI
Chuangchuang 45 K FH S U J7 15, 2 T 5 pm 58 A Z B 2 78 X YT LNOT E 52 1 FSR 24 56 GHz  AAE Q
6> 10° 1Y 1 38 # MRR"™', 2024 4%, CUI Shuai %58 1 1.5 pm 58 A9 BRF7 25 A7 pm 58 09 B9 S 3831 T SisNy
P38 B MRR, fe /N2 il 2E 4808 130 wm, 3845 (9 FSR A 40 GHz AHE Q 9 6.8 10°™, [A]4E, TAO Zihan %5 %
T B pL S ikt 76 SOTE & B E A S2 8 7 HA 115 GHz # K FSR H10.96 X 107#8 & ANE Q i fif: 55 i1 i
I MRR, A %02 M 2E 4210 K 18.2 um™ . 2025 4F , CUT Shuai %5 3 T8 Ho 24 5% 3 7 % i S B3 e 2, LU
AR SERAE ELUE 5 55 45 il i T =2 D) 0 e IR B, S B0 T AT RS i AR AU 10 pm (B BB i 0k & IR A
2 pm 5 M 2L T3R5 T FSR R 26 GHz AMIE Q #rik 1.13 < 107 i ek 3 1 i A MRR™ .

(a) (b) L
wl
7 w, w W,
w, 1 =) 2 Vep 0
£ )
8 Sio,

(©) (d)

Arc w,
=== Euler w,

Straight bwg

M5 BHQEMRRMAALEH (QFEHLE (D) MNERT & (ORI ™5 (DB 2KALE @™
Fig.5 Typical structure of high-Q MRRs. (a) Varied width; (b) Bezier bend; (¢) Euler bend; (d) Partial euler bend
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3 B OMMBIREETFNA

31 WUEXFIRIKEE

TR 108 I 4 R SR A R A 2 T IR R R SR AR A AR AR SR M TG 5 o LG IR
M DL S PR T R RS T SO T U DR (MIPEF ) 3l ¥ 15 55 DB I ek AR A B 3, 58 08 S B
AL T AT AL ) SO AR 5 A0 3 . MPF AR R4 AN K] 6 TR , S0 2% 77 AE 7 22, a2 i o ) #%
H i A S 5 0 ) 30 2k b R s Ak B Tk VR AR S R AT U E I A TR AR R AR, OB
PRI 245 H2 OOF w113 b 385 0 SR BAT 5 o 38 ik R RO e DR SO 27 BB U 2 IR UG, RS2 MPF e A
RS . 448 T MRR W /NRSE 245 98 X 08 i% W RR 1, 25 F MRR 9 MPF 158 T )73 S EATREA
WFIY, 2% 5 45 T A4k 56 F MRR (19 MPF 19 & J& 3UHR .

LS PC PM MRR EDFA PD

O {(c O \Y
o =>4
RF in RF out J,

H6 MEtFREBNERRGRMN
Fig.6 Basic System Architecture of MPF

#5 ETMRRMBBEAXEFRERERESH
Table 5 Performance parameter of MPFs based on MRR

Platform Type Center frenquency/GHz  Filter bandwidth/GHz = Supression ratio/dB  SFDR/(dBeHz”*) Reference

SOI  Bandstop 2~15 0.91 =30 — 2009121
SOI Bandstop 2.5~17.5 6~9.5 >40 — 2013
SOI Bandpass 19~40 5.5~17.5 =20 — 2016'1%!
SOI  Bandstop 0.97~8.34 0.15 60 — 2015
SOI Bandpass 2~18.4 0.17 26.5 — 20181
SOT Bandpass 3.4~19.3 0.020 6 28 — 202247
LNOI  Bandpass 2~26.5 0.047 5 25 — 20231
SOI  Bandpass 0~57.5 0.032 =20 — 20241
Si:Ny  Bandstop 2~8 0.247~0.84 =>55 — 201311%"
SizNy Bandstop 1~11 0.06 >55 — 20162
SOI  Bandstop 4.03~36.94 0.78 =60 — 2018
SOI  Bandstop 0~40 — =>50 — 2021417
SOl Bandpass — 5.3~19.5 =30 - 201972
SOI  Bandpass 5.2~35.8 0.7~2 >40 - 2022
SOI Bandstop — 0.178~22.7 =75 — 2023181
SizNy  Bandstop 0~12 0.15~0.35 =>50 116 20174
SisNy Bandstop — 0.4 55 123 2022115
LNOI  Bandpass 2~62 0.7~3 21~25 101.16 20251
InP Bandpass 0~4 2.5~5.5 — 81.4 20171
SOI  Bandstop 3~25 0.38~0.45 >40 99.7 2021
SOI  Bandpass 2~40 0.15~3 21~32 — 20230147
LNOI  Bandstop 1.5~21.5 1.3 80 110 2025

20094 ,RASRAS M S %1 ik /s T 3 TR FE ik MRR (975 G MPF |, 2R 1 5 B 34 18 /8 + #5{ (Mach-
Zehnder Interferometer, MZ1) % Bl & 6 S R 45 44 , 38 15 U815 T 95 FNASCER 1) A RS | ) 1 1 1 IR D002 49 31 %) i o2
JEE VA B PRSI A 2~15 GHz B985 A6 8 18 0 Bl P, 52 B0 7 ~F- 25 08 kA 96 2 910 MHz i L K T 30 dB 1)
PEE S 2010 4F , PALACT J &84 H T —Fp 3k ik 3 42 38 A MRR 9717 3 MPF, 38 a5 A0 457 98 i 7= 25 46 47
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BOME L AE R B QIR IR e B RGO T T (CRR)

FAR B A 0787, I A MRR IE B H o — AN 30 T4 30015 5 4800k A 4 D00 48 b 47 830 B AT 0k 52 AR 5
2013 4F ,DONG Jianji %5 3 i3 2 B P A 1] FSR 9 i JE MMR K 3806 i D% < 8 55 90 A XL (] B (%) H (8], 76
SeR AL ) T I R AR AT O R D R A 0 e Ry, LA [ RO [ B P O R I R e R S T L AE R
R v o0 A FEAS A8 1 A O B U S o T AR S BT R B R 2.5~17.5 GHz I8 I S8k
6~9.5 GHz 15 4 MPF , S A= 30 1 b #3540 dB. 2016 4F , LIU Li %58 it 208 = 4~ A [\ FSR 4 i 3 MRR FF:
AR 8 ] Y MIRR , R A5 T 56 2% 008 4 0 N, 43 551 FH 42 BBORE 57 981 1l 1) 28 08 RN — AN 310030, SEBL T rpo A 3R
DE R S T ST SRS I 4 3l MPF AR IR A B R 19~40 GHz i 58 8 B8 5.5~17.5 GHz'™, [H]
4F,CHEW S X 452K FH A% 2k 78 9 6 SR 25 40 #1855 1T - like fif: JE B D IR 28 , 5 4030 R S5 R4 A L, D& Dy
TESLI T 5045 LA B R T, SRR A IR 45 6 B % (Coupled Resonator Optical Waveguide, CROW ) A He , 41011l
Fos 20 11 dB HIE R R THIT M5 . %45 AE 17~35 GHz 1Y 58 59 4 3 BBl 9 52 B 7 8 ad 29 dB 9 14 4
i L, A B | ] L A A R AR AR TR A A e %8 o X MIRR S5 8 DL AR R Gk AT Ak A)
HE— R T MPF 255 PERE , Q7841 98 T IR S0 [ s 3l e OO IR A 755

FETHE QME E K FSRAY MRR REA% ST 2= 47 98 PRI [l i MPF . 20154F ,BURLA M %R 3 pm
Yi 2B F B T FSR 220 GHz, 3% Q o 1.32 > 10° (1 fif 3 P38 A MRR, 338 7% T 45 R 3 YL [ M 0.97~
8.34 GHz & I 9 150 MHz (¥4 B MPF , 4 P9 30 il Jie #55 7] 3% 60 dB™ 2018 4F, QIU Huaqing 55k HIE &
B/ ZRE P S BB T FSR 2540 GHz AE Q A 2.36 > 10° 1 fif 3 P B9 MRR , 52 P T 45 5% 345 31 Bl
k1 2~18.4 GHz JE 7 9 & 170 MHz /)71 i MPF , 47 /M il i 25 4 26.5 B, 20224 ,ZHANG Long % 3
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Table 6 Performance parameter of on—chip integrated OEOs

Intergrated Mode RF frenquency/ Phase noise
Platform . - SMSR/dB  Reference
components selection GHz @10 kHz /(dBe*Hz ")

InP DML,ODL,PD EBF 8.86~8.88 —60 41.7 2018

SOI PM,MDR,PD MDR-MPF 3~7.4 —80 67 20181
SisNy MRR MRR-MPF 14.6~25.65 —88 49.47 2023

—115.83 .

SOl DFB,MZM, PD EBF 3~18 , 70 2023

(500 m fiber)

SOI MRR MRR-MPF 0~50 —105 38 2024
LNOI MZM,MRR MRR-MPF 30 —102 50 2024
LNOI PM,MRR MRR-MPF 20~35 —87 49 2024
LNOI PM,MRR MRR-MPF 3~42.5 —93 48 2025

—102 ‘

SOI MDR PT Symmetry 2~12 ] ~50 20201687

(70 m fiber)
i MRR-MPF B

SOI MZI,MRR,PD 0~20 —83.42 45 2023127

PT Symmetry
SizNy MRR MRR-MPF 4~12 —98 37.7 2024
SOl MRR MRR-MPF 0.8~12.4 —93 37 2025°"
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Abstract: On—chip high-Q Micro-Ring Resonators (MRRs) have emerged as essential building blocks for
high-performance microwave photonic systems, thanks to their compact footprint, narrow resonance
bandwidth, and excellent tunability. They are widely employed in applications such as ultra—narrowband
Microwave Photonic Filters (MPFs) for channel selection in radio—over-fiber networks, low—phase—noise
Optoelectronic Oscillators (OEOs) for high—frequency microwave signal generation, and broadband optical
frequency combs for high—resolution spectroscopy and microwave-to—optical conversion. Recent advances
have focused on pushing Q factors into the multi-million range or even higher to further enhance device
performance. This paper reviews the fundamental principles, design strategies, and material considerations
for on—chip high-Q MRRs, with emphasis on their integration and practical deployment in these
representative microwave photonic applications.

The Q factor of a MRR characterizes the energy storage capability and loss level within the optical
cavity. A higher Q indicates a longer photon lifetime, lower round-trip loss, and a narrower resonance
linewidth. In microwave photonic system, this translates into a narrower filtering bandwidth of MPFs, a
lower phase noise of OEOs, and enhances nonlinear optical effects. Accordingly, we present a detailed
discussion of the fundamental structure, theoretical framework, and key parameters of high-Q MRRs,
establishing a solid foundation for their design and optimization. From a coupling perspective, MRR
behavior can be understood via two complementary models: power coupling and energy coupling, which
correspond to frequency—domain steady—state analysis and time-domain transient analysis, respectively.

Subsequently, we elaborate on implementation strategies for high-Q MRRs from three key aspects:
material platform selection (including silicon, silicon nitride, lithium niobate, and lithium tantalate) ,
fabrication process optimization, and waveguide engineering. A cross-platform comparison is carried out to
evaluate material systems in terms of refractive index contrast, optical transparency window, nonlinear
optical properties, and fabrication maturity. This analysis reveals the inherent trade-offs among platforms—
for instance, silicon offers high index contrast and mature CMOS compatibility but suffers from two-photon
absorption in the telecom band, whereas silicon nitride exhibits broad transparency and ultralow loss, albeit
requiring more advanced processing to reach ultrahigh Q values. On the waveguide engineering front,
techniques such as adiabatic width tapering, Matched bend, Euler bend, and Bezier bend are employed to
minimize radiative and bending losses, enabling smooth mode transitions and supporting ultrahigh-Q
operation in compact footprints. Recent progress in high-Q MRR development across these material
platforms is also reviewed.

Furthermore, we examine the typical implementations of high-Q MRRs in microwave photonic
systems, with a particular focus on MPFs and OEOs. For MPFs, we begin by highlighting the potential of
ultrahigh-Q MRRs with large Free Spectral Range (FSR) in constructing ultra-narrowband, widely
tunable MPFs. We then review various system architectures developed to achieve ultra-high out-of-band
rejection and high reconfigurability. However, for real-world RF applications, MRR-based MPFs still
require significant improvement in key RF performance metrics such as insertion loss, Noise Figure (NF),
and Spurious—Free Dynamic Range (SFDR). Regarding OEOs, we discuss developments in on-chip
OEOs based on MRR, as well as emerging PT-symmetry breaking schemes that eliminate the requirement
for additional narrowband optical or electrical filters. In recent years, on-—chip integrated OEOs have made
notable progress in frequency tuning range, Side-Mode Suppression Ratio (SMSR) , and system
compactness. However, the limited on-—chip effective delay, combined with additional noise introduced by
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active components, results in overall phase noise performance that remains considerably higher than that of
discrete fiber-based systems—particularly evident at intermediate and low frequency offsets. We also
summarize recent progress in fully integrated on-chip MPFs and OEOs, which is of great significance for
achieving compact, lightweight microwave photonic systems.

Prospectively, high-Q MRR-based microwave photonic devices are poised to transition into practical
use across a range of fields, including radar signal processing, 5 G/6 G wireless communications, and RF
signal generation. By leveraging programmable architectures and adaptive control schemes, these devices
can simultaneously achieve miniaturization, low power consumption, and high performance. This progress
is expected to drive the broader adoption of microwave photonics in cutting-edge domains such as
telecommunications, national defense, aerospace, and intelligent sensing, while gradually narrowing the
performance gap between on chip solutions and discrete high performance systems.
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OCIS Codes: 230.4555; 130.7408; 130.3120; 350.4010; 250.3140

CSTR: 32255.14.g2xb20265503.0355101

Foundation item: National Key Research and Development Program of China (2024YFF0728003), Academic Frontier Youth Team Project
of Huazhong University of Science and Technology (2018QYTDO08)

0355101-29



