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Abstract: Whispering gallery mode (WGM) microcavity laser is a micro/nano laser device which
can confine light in micro/nano resonant cavity and maintain stable traveling wave transmission
mode. With its high quality factor and small mode volume, WGM microcavity laser has the advan-
tages of low threshold and narrow linewidth. It has become a hot research field at home and abroad.
WGM microcavity has a very high optical energy density, and the interaction between light and mate-
rial is significantly enhanced. In recent years, researchers have combined different gain materials
with different microcavity structures, which has greatly promoted the development of WGM micro-
cavity lasers. Based on the overview of the characteristic parameters and coupling mode of WGM mi-
crocavity lasers, this paper introduces the research results of several typical WGM microcavity la-
sers, including droplet microcavity, glass microcavity and semiconductor microcavity, and com-
pares their performance parameters. The applications of the devices in ultra sensitive sensing, mi-
crowave photonics and on-chip integration are described, and the development trend of WGM micro-

cavity lasers is prospected.
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Fig.1 Schematic diagram of total internal reflection by WGM
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Fig.2 Several common ways of coupling light into microcavity. (a) Vertical/inclined waveguide coupling system. (b) Integrated

waveguide coupling system. (¢)Prism coupling system. (d)Tapered fiber coupling system.
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FEN BRI P2 S TR A R T 20
FER R, 8 a CA G AN, AE IR T 21 A B
ST EOE R BIE YN 37 pllem®, TEAS[E]
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FHRT 5. 2017 4, Cegielski 25 7 52 B T 45 4K 9
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TES B0 . Li 58 7E ZnO G b3 55 )2 A
B TE SN L R T RO, R
SR 15 (DA 7 35 A 800 kW /em” [ AIK 21 7 35 5 1Y
600 kW/em®, Baek % F 2013 4E ¥ A B & T H
%8 wm [ GaN ft & I, S8 T #0006 & 55, 9
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Fig.6 (a) Schematic diagram of graphene monolayer coated ZnO hexagonal microrod®". (b) Excitation of surface plasmons

along the interface between graphene and Zn0"". (¢)Schematic of atomics structure of TMDC MX,. (d)Schematic image

of a monolayer WS, microdisk laser""’. (&) Schematic configuration of the coupled microsphere/microdisk optical cavity

with the incorporation of 2D MoS,". (f) The principle diagram of MoS,/microsphere laser operation™. (g) Design of the

MoSe,/microsphere WGM cavities with four different sphere sizes
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“Trok e Z Y, 5 BP A e H Ak 2 v T A
S, HIE A R OGRS . HLZ TMDC 3T 45
A BE (~500 meV) it 3 8 2 T H % i 4 8h (26
meV), [ FREEE R FREFAE, WEHKET
THERR I IR T OB T L&

KT TMDC AR WOM #4006 32 5 2 1 2 it
T BT AL AL 52 B e 245 LR AR B (E T
S . 2015 4, 5K AR BLE WS, ik AP
I L2 SiNy A A P Rk e (HSQ) Z I, fiff
WGM B i 7= A2 i HL 3R 55 WS, 1Y 1 25 3% &1
WE 6(d) BRI )2 45 M B4t T b 1 #2755 31 T
5  30% MG 2E BRI R, X WS, 4T T AR 4F
MRS 7E 10 KIREE T L5538 1 612. 2 nm [ 4k
BRSO & S WOE B S Wiem®, [RIRELE
2015 4, Salehzadeh 5 B IR fE IR F 28 T 4
AR RIEOE . I E 6(e) BF s, A AT B
B9 2 09 DU 2 MoS, ik A F Si0, 13 A% A1 ST Y L
R 2 8], 33 ol 2 0 B R 65 4 S DU Mo, 42

HET 8RB 2= BRI, 7E 600~800 nm Ak SE B T [
5 WW OGBS . 2018 4F 3k 7 4 R 4k
2SR TR TR AR AL S8 1 LA R 25 1 45 21 w3 o o
(9 PR 22 MoS, B, 4 P 6 () T 7%, 3 3o B 1% 15 5
Si0, W Bk AH A AE 77~400 KR JEJEHE N, T 664 nm
Ab ST EL T B E N 32~580 W/em® 1Y Ot & B
2020 4F , A TR R A 8 bR [\ AR 1Y Si0, T Bk i
FUZE MoSe, #4576 750~875 nm P BLAL SZ B T =
T O & S A SR RS, B (E 20 107~215
W/em®, Hot s g an i 6 (g) frs o H A3 F T™ -
DC 1) WGM B 2 24 oy Z2 B0 4% 1) [m) P i o, 3 2ot
HE— 25 ik WOM s AR 25 4, ) 87 1 B 2
AR A B 2 TE T TMDC M B WGM
WOt v RE
3.3 WGM iz #tsatEgE bk &%

FVFH T B R JLF R R £ Y S8 WGOM
WOLRR A S, it R RT AN, B Rk
T LW W GM B 18 3 A7 L R 22 B LR WGM

x1 JLMARWCMHLRWEXSH

Tab. 1 Parameters of several typical WGM lasers
., . Tl ELAR &) 7 , , N E =
TS 14 B8 25 R - S B T o
pm P& /nm Sk
R6G 240 10* — 580~600 nm 300 nJ/mm’ [31]
VR KOG A% BEW 30 107 0.1 552 nm 7.8 wllem? [36]
Bkt 43 3%10° — 610~620 nm 2.5l [37]
Nd*:Si0, 56 10° — 1 060~1 090 nm 200 nW [46]
Hi L 4B 2= (1 A AL W) Yb™':Si0, 40 10° — 1042 nm 1.8 pW [48]
Y ES SR O AR Er’: Yb* - iR £ 57 10’ 0.05 1550 nm 30 WW [51]
Tm®™ : Ho™*-Hiif i £k 90 10° 0. 06 1494.9 nm <l.5mW [53]
[ Ok RIA] Er’*:ZBLAN 100 10 0.01 2.7~2.8 pm <150 pW [58]
Il SR OG B Tm’:ZBYA 63.27 — 0.05 1.897 um 4.5mW [60]
InGaN 1B 3.5 4647 0.09 418.2 nm 12.1 W/em® [64]
BT BEFT 1k InGaAsN fit F-Bf 1 24000 60 1.2 pm 19. 4 mA [67]
AL
InGaN & 1B 8 ~3 000 ~3 436. 8 nm 5.2 mJ/cm? [68]
InP/GalnP & F 15, 2 4000 0.2 700~800 nm 1 pW [71]
TR = (7]
o . InGaAs 7 45, 6.5 3 800 0.28 1061 nm 0.45 mA 72
B
InP 555 0.8 — — 925 nm 12 pJ/em® [75]
B R ) CH,NH,PbI, 32 650 1.2 779~789 nm 3 wllem® [79]
oL MAPDI, 15 600~650 — 770~790 nm 19.6 plfem®  [80]
WS, 3.3 1162 0.24 612.2 nm 5 W/em® [11]
g U k7.7
MoS, ~ 2600~3300  <0.3 600~800 nm 5uW [12]
BEHEOE RS AL 15
MoSe, 8. 12~13.72 154~770 — 750~875 nm  107~215 W/em®  [95]
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Fig.7 (a)The refractive index change of WGM laser with R6G as gain medium is measured. (b) Lasing within live cells contain-

ing intracellular optical microresonators. (c) Coupled microring resonators for microwave controlled photonic mole-
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