CN 51-1346/04 1SSN 1003-501X (EN RIAR)R ISSN 2094-4019 (RZHR)

Rt IR A R IR S M A
THE, Bl %%

S| AA:

THEET, BRME, %, SO SisiREMEE 5 M ). B TIE, 2022, 49(8): 220006.

Ding Z X, Chen Y, Xu F. Optical microfiber resonator: principle and applications[J]. Opto-Electron Eng, 2022, 49(8):
220006.

https://doi.org/10.12086/0ee.2022.220006
Y#s BEA: 2022-02-25; &3 B #A: 2022-05-13

AXRIBX

EFhEESERHESLTRBERSHNARSNA

ko, Fom, AEAN, DA, TR, kR, 4

SETHE 2020, 47(4): 180671 doi: 10.12086/0ee.2020.180671

ETFGIMFHI R RIEIRL T 5 RS TR R T IEE

g, FRE, R, BIRZE B, vk, gk, BB, Uz, BRAK, ER, s
T 2025, 52(1): 240225 doi: 10.12086/0ee.2025.240225

S SR HI SRS IR I 5T R H S R0 2 5 ER R

MR, 2T, X, EEW

SkE T2 2023, 50(4): 220249  doi: 10.12086/0ee.2023.220249

BEERHTEN R AR B R IR K HZEAR/VRIBEL R 7R Fr 89 R A
ST 2023, 50(1): 23100103 doi: 10.12086/0e€.2023.231001.h03

F LR T T s L

OEE 1@ x4

Opto-Electronic Engineering

http://cn.oejournal.org/oee @ OE_Journal Website


https://www.oejournal.org/oee/
https://www.oejournal.org/oee/
https://doi.org/10.12086/oee.2022.220006
https://cn.oejournal.org/article/doi/10.12086/oee.2020.180671
https://doi.org/10.12086/oee.2020.180671
https://cn.oejournal.org/article/doi/10.12086/oee.2025.240225
https://doi.org/10.12086/oee.2025.240225
https://cn.oejournal.org/article/doi/10.12086/oee.2023.220249
https://doi.org/10.12086/oee.2023.220249
https://cn.oejournal.org/article/doi/10.12086/oee.2023.231001.h03
https://doi.org/10.12086/oee.2023.231001.h03
https://cn.oejournal.org/article/doi/10.12086/oee.2022.220006?viewType=relative-article
https://cn.oejournal.org/article/doi/10.12086/oee.2022.220006?viewType=relative-article
https://cn.oejournal.org/article/doi/10.12086/oee.2022.220006?viewType=relative-article
http://cn.oejournal.org/oee

Opto-Electronic Engineering

Review
2022 &, 55 49%, 55 8 HA

% & x

DOI: 10.12086/0ee.2022.220006

WA FIERFIRIES N H

TR, BROME, O

RS BT AR S BB 224 Be , V15 B At 210023

THE: WAL IR R4 LR A JUA ARB UM AT B8 Xk, BAHRER . GAFELE. §
T L w ey T B ok FIA A 2R AEFRS, ARRN R ERG AT ERET HAGEN TS,
WAH RS TFBMHZ—, LFBHRBELBE. A FTLE. ETAFFHBREABRXOFLMEL, #S 2
B, HRAFHIERE SR T AZEAR, & 2L L4, mAMBLFEH ARG RH, RATHALL
FURBLAIE TR T LR, MAARFBRREL A TGS GLG TG EMF, BAKEATE, &
M, HTHREARE AT ZAARTFREAMFESRE, THATIERE., BAR. LARBFASYRTE LM
o RIABAT RFIFRBOERRE., B4HE&. LRFH5ENE T ZARGA L&,

FHEIE: MORH; WRIRRE; RAER; AR

hESZES: TN253 NHEMRERD: A

THEEF, B, 1€ oLl iR iy R EL S N A (] e TRE, 2022, 49(8): 220006
Ding Z X, Chen Y, Xu F. Optical microfiber resonator: principle and applications[J]. Opto-Electron Eng, 2022, 49(8): 220006

Optical microfiber resonator: principle and
applications

Ding Zixuan, Chen Ye, Xu Fei’
College of Engineering and Applied Sciences, Nanjing University, Nanjing, Jiangsu 210023, China

Abstract: Microfibers tapered from conventional optical fibers with diameters ranging from hundreds of nanometers
to several micrometers possess various advantages including large evanescent field, strong light confinement, high
optical nonlinearity, flexible configurability, and low-loss connection to other fiberized systems, which makes it an
open platform for miniaturization and integration of all-fiber devices. As a fundamental opto-electronic component,
optical resonators have got comprehensively researched and widely applied in the fields of optical communication,
sensing, signal processing, and quantum photonics. Traditional optical resonators are fabricated through
lithography which is relatively complicated. With the maturation of microfiber fabrication methods, optical resonator
based on optical microfibers was demonstrated and developed. As an optical coupling device based on evanescent
field coupling, the microfiber resonator features in low insertion loss, high finesse, easy fabrication, and
compatibility with fiber systems. It can be utilized in domains of filter, sensor, modulator, and fiber laser. In this
article, we summarize the recent progress in the microfiber resonators research fields, covering fundamental
characteristics, fabrication methods, and applications of microfiber resonators.

Keywords: microfiber; resonator; optical fiber sensing; optical modulation
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Fig. 11

Sensors based on microfiber resonators.

(a) Refractometric sensor based on MLR™; (b) Graphene oxide deposited MKR for gas sensing®®”; (c) Temperature sensor based on MKR®",
(d) Current sensor based on graphene-integrated MCR; (e) Hybrid-plasmonic MKR; (f) Soft and wearable HPMKR sensor;

(g) Fiber hydrophone based on MKR"; (h) Microfluidic sensor based on MCR;
(i) 3D-stereo grating based on a microstructured rod with MCR
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Table 2 Sensors based on microfiber resonators
IR AR A Mo Ed REE EZ BTN
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MCR SN 40 nm/RIU [51]
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Hhk 109.7 nm/RIU
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MKR NH&%??’ME 0.35 pm/ppm 2]
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TR R
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MKR W 266 pm/°C [64]
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MKR CERIT 0.0513 nm/A’ [67]

MCR =R 220.65 nm/A’ [68]

MCR HLY 6.7297x10" nm/A? [69]
WAL

MKR JE 51.2 pm/kPa [33]

MKR IR 16.02 pm/kPa [711

MKR IR -288 dB re (uPa)”' [39]

MKR T EE 29 pm/G [73]

MKR Wi ~ 0.3 pm/Oe [74]
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Fig. 12 Optical signal processing.
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Table 3 Signal processing based on microfiber resonators

TEHRAR N5 TERESEL E= BTN
TR
TAEH K /M FSR/nm KA Xt /dB fifi/dB
MLR IR 840 3.2~3.8 43 10 0.97 [75]
MKR SN B 1550 0.32~0.64 / >10 8 [771
MLR R g 1550 0.3~0.64 4~6.5 3.7~7.5 2.5 [78]
MKR B 4600 2~9.6 10.2 4~8 >4 [80]
JHE
T AR /m PR EEdB PATHIRCR/(dB/MW) I TR /ms
MCR Eoon | 1550 7.5 0.2 / [81]
MKR Koo 1550 74 0.02 / [82]
MKR £ n/Ehil 1550 17.1 0.4 120/100 [83]
MKR Koo 1550 12.7 0.5 2.8/3.3 [86]
MKR Koo 1550 12.9 0.26 0.306/0.301 [87]
MKR PO 1550 13.4 / 0.0908/0.0897 [88]
etk
FERE K /mm fF5 R /m HARRR AR I R R
MLR TR A 1550 775 2.4 x107 5.7 [89]
MLR SR 1550 516.7 1.8x10° 5.9 [90]
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Fig. 13 Application of microfiber resonators in fiber laser.
(a) Application schemes of microfiber-resonator-based fiber laser; (b) Operation regimes of microfiber-resonator-based fiber laser
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Table 4 Fiber laser based on microfiber resonators
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Optical microfiber resonator:
principle and applications

Ding Zixuan, Chen Ye, Xu Fei’

Microfiber-based resonators

Overview: Microfibers tapered from conventional optical fibers with diameters ranging from hundreds of nanometers
to several micrometers possess various advantages including large evanescent field, strong light confinement, high
optical nonlinearity, flexible configurability, and low-loss connection to other fiberized system, which makes it an open
platform for miniaturization and integration of all-fiber devices. Nowadays microfiber can be easily obtained through
mature fabrication method like flame-brushing technique. On the other hand, as a fundamental opto-electronic
component, optical resonators have got comprehensively researched and widely applied in the fields of optical
communication, sensing, signal processing, and quantum photonics, including whispering-gallery-mode cavities like
micro-ring, micro-cylinder, micro-toroid, and micro-sphere. These traditional optical resonators are fabricated through
lithography which is relatively complicated. With the maturation of microfiber fabrication methods, optical resonators
based on optical microfibers have been demonstrated and developed, such as microfiber loop resonators, microfiber
knot resonators, and microfiber coil resonator. As an optical coupling device based on evanescent field coupling, the
microfiber resonator features in low insertion loss, high Q-factor, high finesse, excellent mechanical stability, easy
fabrication process, and compatibility with fiber systems, providing a broad platform for all-fiberized miniatured devices
of probing and modulation. Through further integration with exterior functional materials and microfabrication
techniques, a microfiber resonator can be utilized in diverse domains of sensor, filter, modulator, and fiber laser, as well
as quantum photonics and nonlinear optics, realizing the ‘lab on fiber-ring’. In the field of sensing, the microfiber
resonators get exploited as the refractometric sensor, concentration and humidity sensor, temperature and current
sensor, mechanical pressure sensor, microfluidic sensor, magnetic field sensor, acceleration sensor, etc., where the
devices exhibit high adaptability and excellent sensitivity. As to optical signal processing, the device can be used as the
single wavelength or multi-wavelength filter, code-type conversion, and optical modulation. The intensity and phase of
light can be tuned to a large scale within broad wavebands, and the modulation response time is also reduced to achieve
high-speed modulation. Furthermore, the microfiber resonator can be used as an optical delay line or generator of
second harmonic or third harmonic. When applied into fiber laser, the microfiber resonators help build the stable light
source with narrow linewidth single frequency or multiwavelength laser with high uniformity. The devices integrated
with metal or 2D materials also make the laser operate under conventional soliton mode-locking or dissipative four-
wave-mixing mode-locking regime and output sub-picosecond pulsation, broadening the dynamics of ultrafast optics.
In this article, we summarize the recent progress in the microfiber resonators research fields, covering fundamental
principles and characteristics, fabrication methods, and applications of microfiber resonators.

Ding Z X, Chen Y, Xu F. Optical microfiber resonator: principle and applications[J]. Opto-Electron Eng, 2022, 49(8):
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