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Abstract

In recent years, the research on Whispering Gallery Mode (WGM) optical microcavities with high Qual-
ity Factor (Q-factor) has been developing rapidly and has become a key research direction in the fields
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of optics and physics. As a type of miniaturized optical functional component, optical microcavities
can simultaneously achieve extremely high Q-factors and extremely small mode volumes. WGM op-
tical microcavities, as one of the typical configurations of optical microcavities, have outstanding ad-
vantages such as compact volume, excellent sensing sensitivity, and long photon lifetime. Currently,
the application research of WGM optical microcavities mainly focuses on key technical fields such as
multi-domain sensing systems, miniature lasers, and high-performance optical filters. However, the
research on WGM optical microcavities has not yet entered the stage of large-scale mass production
and is still limited to the principle verification and performance optimization at the laboratory level.
The industrialization process of WGM optical microcavities faces core technical bottlenecks such as
high preparation costs and complex micro-nano processing techniques. This paper focuses on review-
ing the latest research progress of WGM optical microcavities, systematically expounds the regulation
mechanism of the Q-factor of the microcavity by the physical and chemical properties of the WGM sup-
porting materials, and comprehensively sorts out the application achievements of WGM optical micro-
cavities in the fields of sensing detection, laser emission, and optical filtering in recent years. It also
looks forward to the technical challenges and potential research directions that WGM optical micro-
cavities will face in the future.
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Figure 1. Schematic diagram of the whispering gallery mode. (a) Schematic diagram of total reflection of light on the inner
surface of the microcavity; (b) Wave propagation transmission diagram
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WGM 2l f2 — R BA R T UM 450 5 s i ot R BRI, AR e 2 A 2 2L B0 AR
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Figure 2. (a) Schematic diagram of total reflection of WGM [9]; (b) The FSR in the microcavity and Av
[& 2. () WOM & GHREE[9]; (b) MEEFAIFSR 5 Av
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Figure 3. (a) Structural schematic diagram of dual heterojunction devices [ 18]; (b) Schematic diagram of the core-shell microcavity
of WGM laser [19]
B 3. (a) WAREFHRIGHREEI8]; (b) WOM BRI R A iz RIEE[19]
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Yantang Huang %5201 1HH] 4 T —FE T AN YOI /Er L4850 RE Rk i 1 1] 3 BE AL Q0
5o FOUHT RAE T 1 pm 3 BUBOK B R GR S 98 7 6 IR A I AR R 38 e AR o, b 1% S s aisot
S PR R AR A S M, S S Ak T S T O SRR MR, AN
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Bl SIS T R 2 pm KRR T FBLEOE RS, BT & MR WORE IR IE I Q BRI FIR T
107, AscdlEvE e oL 5E 1 Rl .

3.3. miEmE

d A L] 2 1 1] 3 B A O S Al o AT S 108 BB EEFE m ISR A TSP R S

vt 225 FE A R Bl 1 ARk DA 38 EH 2% S TR o 5 1 0 7 IR AL 5 B R, AT Y 35 FRAIS T s R 454
SR, BESRTE I8 0 LI VA B —, B T @A AU EEIOG . RS T A2 AR,
XEET 2R R MOREE, FEHISRAE AT REW, SALEI0TERE, #I5CaF). %
B (MgF2) DA R AT B di A (S102) SR . T B I B IR A AL, AT SR 2 M 2t e 12 B WGML Al s 1) 5 FH e
. 2024 4, Florian Sedlmeir Z5[22 ] 256 A TR IE T &b & MgF, WGM TS/ N 7K FHEA B iy R B A%
RSP S R 77, BB TN T MgFa A T4 lfr 978 R BRE AT 5 2408 R34, F M SEER S0 |
MgF, s 72 /K 353 P BE R FREE R 108 (8 Q 5. 2025 4E, Shuo Fan Z5[23 1IN 4 T Q AT 2=k
Yb:CaF, fifk WGM i, 7 1550 nm 4k Q {E1]7% 2.8 x 108, H 1064 nm 4t Q {HAIIA 3 x 10°, K3 T 3
mW KBIA . RERECR 13.4%00 i 20R = B H Y 1064 nm B0k
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REMMELS BERAL, B BAMCAIN L7 X2 &0 Ao 2024 4F, Charlie Kersuzan %524 %1 [
— MBI, EIREIRIRR S SU-8 RV, JRHAZ B E T AR, IR CdSe/CdS/ZnS & il
RS R LA RO AR & B RS VG E ) WGM H . Soh Kushida #[25]%% HHR G ARG B HPTE U
k. B THPEREDHE SRR E. moOCBCERME T RS A, ReRINE R A s A i,
F & @At I B T O, WO RME IE— P B K R 0.37 pl-em 2, BOLLETEL) 0.4nm, XA Q RITF4H
1200, Zhang Zhang 5F[26|$&H T —Fh i i BARRUA R Ik 7) B2 TE, Betd w2l m Q fH
SU-8 Tl FESLIL 7 BN RS e R R A B, e A nT SR A, L B AT AR R A
WA 4 Bros. #34F7E 1540.79 nm P4, DA ILIRIE 54 %08 0.44 nm, THEAF B 72 Q
TH35x10°. ZESFERREEWHIEM Y, H&mRBUEERIET].

Figure 4. Microscopic photographs of the self-assembly process of the SU-8 hemispherical structure [26]
[ 4. SU-8 kB R AT IR R [26]
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FERUT Q ] 4 T2 1, e rh B8 15 38 A Al B A6 AR TR B T 2 e P 1 15 ) 4 S0 25,
(EHBFER T T A 5L SR, SBTRESI Q AR, R, kG SpRl B A e R
1R A HEBORESRAMR A 1 Q B, ARG N TR AR S — . A BBk, Bk, HRMBF T OE TR
Bl AR, SRR AR Q ORI T, SCBUMEAA . AR 4 M FT bR BUET RN T 7 2
4. BT WGM XEME=HI M A

WGM 2 (ol 7 7 B e S ATy BRI PR T 0 41 A 5 1 o 2 0 1 1 R
ARG TR TG B SR . 24 WGM 2 U BT AL () S 3 PR 8P A ARt h sl s B 2 T 5
ORI T R A SR ELAR IR, SR T B e 0 IR Bh 4 S ORI 8 7= A R B 2
R o 36T IX— AL, WGM 6 S 0R R 24 AR R AR U 0 S T4 . HA A5 7
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5T RER AR5 AR S0k A AR EITER WGM G A E AL BRI AR . WO T REAs 11 &
L e REDE B AR SR 1 5 G B SIS o Wt T AR -

4.1. EPERESR

Jianli Sun %2717 K | —FP & XU A i i 45 B Fr, KA IR pH B ) PBS 22 E N it 4%
SR, MERIBOCBAC R A LIRS « 207 ARG pH RS BA S 0 RBUE, Revs SEELE RS I (1
Sy AT, KT 78 55 pH 3.6~7.8, i 1 AR R 1E 5 R 5 Va R o SEIL T O AR R pH B 1 TEARIE
o R AIN PR PRI JULEF PRI ARSI B 8] /T — 23 LRI RG2S 0.02% LT 1) s R BB (1 7 153
Hr. Hongdan Wan 25281 INiTIH414¢ 7 3T DTN 4T ThAEAL 25 O MO I 3 B DNA A WAL R3S,
FRINSEIL T 260 aM (FHEBARATII PR, 2515 RI T BB I 1) s S M U LU AR G AR T T 3 N
B ZRA BRI L R G2 W R R M S5 T B BRI N T

Ru-Lei Xia S [29]8Ih it #l4 I DhRetl 7 —FET WGM BRI Y6 = OB IR 28 A Mk i s . 78
1607 nm AL EHRESH) FWHM 24 0.0284 nm, 1HEASH Q 14 5.66 x 104, KHIEHREE HA B =L
R fFRE R T 72.48 nm/RIU (375 28 REUEEFD 2.9 x 107* RIU BURIRATIIER . SCIL 17X
SARS-CoV-2 N & [ R Topmickaill, ABRIKZE 0.23 pg/mL. X TiE ARLE COVID-19 [ B B A5
AT BRI, oA R AE bR S R I B A T B S

4.2. RERRFSEEGRS

FLAE 2006 45, G. Guan 55[30]fE44 WGM fEkiE IR A% I A2 4% J5 BN FH TR FE A% /% . Zhihai Liu %5
BT FESLIRIRUE 73 N E TS HUEIR 2S00 WGM R AL I88%, 1595 T B KA IK 250 HR
B IR F] 0.377 nm/°C Izt i [ 2545 2% o 5256 R R SO A B AR S Ih i vk 7 S IR 2 B k. Faoe
FUERLAE R, RAE T AL RASE TR T 0.726 nm/°C 1) RBUE RO R 0.377 nm/CIITERE, WO
XEAHE M ATSEME . Zhihai Liv 8 AF8H, @R AR B AR RECE = AR, Kk —0 KiRig
PR IR RAUE

Liyuan Zhao Z£[32]7E 2017 “EA# FH JIH & A0 &t (CLO) S AFE v WGM 0GR s AL ¥, CLC A
BHERMAOCRE, Mt eI AL S S p IR R . RAE AN e um R 45 (1) 7 U8 € CLC i, JF
SEEHEIE AT A AT Y 3R, SLBL T AR AT O Sl & . SEIR 0.96 nm/C R, X2
BRF LRIV A S WGML UL B A s o IR B v L, A B A B R B R g il — £ o

2025 4E, Jiaxing Gao 2£[33]# K Pound-Drever-Hall (PDH) PR ERER AR 55 Hr WGM TiER ISR 25
MG, HastmE s poR, 2B TREA R @ HHER G SHER# G, SR &M WGM
R, AP Q BRI 107 SEIL T 1.78 x 107°°C M iRy FE 7 HE R AN 2.32 x 1075 °C (1 #ER B LA S SEE B
T 92376 pm/°C {IEE REBUE, X2 H AT CHOER WGM 5 L Ba% b i tERE . 12000 TAERER T
S PR AR BRI — AN T, R PR U B 1 A3 AR A 1) TR A e
4.3. HEAethHKRUERERF

WGM T AN AE A ) I FE A T T LA, 07 LA T A A% Ik S ik 45 126 . 2016 4, Alexandre
Frangois %% \[34]7F 800 nm JEiR%)ZEB4NE F LI T WOM O K S, BUEAR G N EE, [F4%

AT BRI P FORE i o L 24 B0 BN REBUE N 2.9 nm/RIU, @& T IEEOE B4HE 23.0 nm/RIU 1
REE, EHEERN Q B HAGMEEM 102 RIU $27+3] 103 RIU, #7F T —MNEEHK. @i
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Figure 5. (a) The structure of the optical fiber microsphere WGM sensor; (b) The microscope image of the optical fiber microsphere
WGM sensor; (¢) The process of characterizing the WGM thermometer using PDH technology [33]

5. (a) LTk WGM fREASRMEEH; (b) KA REk WGM RSN EMEE%; (o) FIF PDH HAFRIME WGM
BB TR RE(33]

r\
[ e racking
. 7 ruck V[ =3
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Figure 6. The physical image of the fabricated optical fluid chip [35]
6. HI A FE R FSEHIE(35)

2020 4, Xia Ouyang % A[35]F K T —FEER T KA WGM WBOEE RS rsimiks A, Wk 6
FiR. BEEAL 25 n)/mm?, FF5E 0O R T R RSB B € (ELISA),  SEIL 1 X 90 b 2547 I
BN AR (VEGE) 18 s R R I, EACRHAEE T, tHEAF XS VEGF R IPRIEE 17.8 <
107"° g/mL, HHAETED ELISA WGR & RS M 7 I ECR S 5L T & B 3R 1S s b 20 i BoR 1%
AR TEREAH Y

TEARERTEK, B AR LA SR ARG AR A, T SO IR A BRI 2 RIS T
s B FE, Ktk Md Ashadi Md Johari 58 A\ [36]¥¢1HEI & T —Fh T3 ZIGBE(PVA)IRZ ORI IRES
T ORI AL . R WGM RG22 5B, a0 A 56 6 0% ) S AR AU AN IR A T A% SR S BT
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CTER P )  RAERT I . B R ORI Z RO IS IRAR R KT 10* s, Hp R AR
SPERAS I Q [H A =i120°h 2.78 % 10%,
4.4. [KEMEREE

7328 T [0 B BE G S U i v i SR o /SRR DL i A SRR S E 3, AR IR RME O 38 1 14
Tl R 2N . HoR FAPbI;. MAPOBrs S 85500 Mk, B m s e o, st o ok
Kt BRI VR ARR A BRASULAC WGM ik, BRItz N TIRRME B0 35 . Xiaoyu Tian 55 A[37]RH
AL ZE RIEAE A DA I TR FAPOIs SRR AP TG DURR ) FAPbIs i A3EA 7RG 1 21 ok LA 1
/LN TR T BOCBIERE MR FK B R, RKIES) 48~108 pum FIGEHIP, BEEEK
B0, WO RAE e FRAR S T o o DS TE U Ve RE B A, U I 20 4.0 wI/em?, 4898 B 5 WIIA 0.62
nm. 2022 %%, Junhan Guo %¢ A\[38]MINFF K T —FE T B 2B IRE SN AWM - Fa M7 vLklm
—BUR A AR, T AT R S S MAPDBr TR, & MR RE S ] 7(a)
o, EL % RO B B B AR /N T 0.6 nm (DGHE I . THEAE v WGM 06 2% R B IR R
43.3 p/em? A1 2072 {5 dn i R 1 BOPE R 1 RE, - LA RSO GRS A EUR s an il 7(b) B .

b
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Figure 7. (a) Scanning electron microscope image of the MAPbBr3 micro-disc array (b) Absorption spectrum and photolumi-
nescence spectrum of a single MAPbBr3 micro-disc [38]

B 7. (a) MAPbBrs R SR T MR ER; (b) B MAPLBrs & IR IE R BUZ S [38]

4.5. KA

XF IR AR AR, RAFA A RIS . (RBURE . ARoE A 05 PR (B R SEIS B R, AR MR
PAFER HATRE, M RRABR HAME Q BRIk ik — bR A @ Mg $E . 2021 4F, Jiwei Li 55 A\[39]
FElZe 5T WGM il BRAB AE I 548 & (QCC)A 1T 6 v] 1 73 Hl B ds R T R FL, B T Bl p
HAF(TF) 51k WOM W IR#FA LI R4, KA BERZ 100 pm. A1E Q {HEIA 108 FERFIELE 1
pm [¥] TF, J#id 3D 9K SR TR AR & B, w288 5 mdk 2 R R iR . SubariE T+
LP trE i) QCC e B AHEL, iZyEDE S /e MERE L SEBl 7 2 TR M, FLR YL 5 %, Through ¥ 1
/N HEA 6.6 MHz,  HWAE G 7 2214 4.8 MHz 545, ¥ IR K %6 43 il & 720.6 MHz fl 775.8 MHz, i
HBALS T 1 327.1 MHz. JF HACREFaE, Drop i VPR KT 95%, B mTHRLITEN 37%,
HARNIFER BN TE /e HAEM B AR, TERRASM) BB E SR T R, b T 9 R £ iE
A S AT E W, HE— a7 H bR FH N E
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