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Abstract
smaller than the vacuum wavelength of the guided light. Fabricated by physically drawing glass fiber at high temperature,

Optical micro/nanofibers are one-dimensional free-standing waveguiding structures with diameters close to or

these fibers show excellent surface smoothness and diameter uniformity, high mechanical strength, tight optical
confinement, strong evanescent field, evident surface field enhancement, and large wavelength/diameter-dependent
waveguide dispersion, especially much lower waveguiding loss than all other micro/nanowaveguides with similar
geometries. These merits offer them great potentials in applications ranging from near-field optical coupling, optical
sensing, atom optics, nonlinear optics, laser technology, and optomechanics. In this review, starting from the basic
waveguiding properties of optical micro/nanofibers, we introduce our recent progress in high-precision fiber fabrication and

micro/nanofiber-based near-field coupling, optical sensors, and nonlinear optical devices. At same time, we also mention

relative works from other groups. Finally, we conclude this article with a brief outlook.
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Fig. 1 Basic optical waveguiding properties of a silica micro/nanofiber at 633 nm wavelength in the air'”. (a) Calculated propagation

constant £, where D is the fiber diameter and V is the normalized propagation constant; (b) energy flow (Poynting vector)

distribution along the axial direction (upper) and the cross-sectional field intensity distribution (lower) of the waveguided light

T B ML R ARG A B L) AR T
JU A il 8 42 (800,400, 200 nm) Y 80 44 )6 £F 4556
Yy 1) 23 ) B AT BE 1o A (Fe f oG K A 633 nm)',
A& B, B AT EAR D | ROk R £ 1 RE 2 L
168 38 3 () I 2 A 31 1B 58 5 48 3% 1 A9 A0 s 1)

AR R AR PR S5 A TN G A R AR AT i R B
JBT i 5 b v G AR e 7 A R A A AN A HAT Ok
W2 R s AT b | 3R 1 b 3 0 K AR /R RO R
W T B R O BN i e B R AT AR ) — R AR R
P ARRPE (B 2 3O e RO B etk i FR A R
¥ OG5 W IR BRI B TR T AR
3 AT 0 B A 4

ANCER 1 AR HAR S R B 45
SR Y WG AT B AR R AR R HE 1 A Sk R £
A AL R AR AR TR E A
LRGSR A DE A SR s g T s D
FEF P B B R e s Dy,
L HAR PSR BB SR B R . ik, BT O AR b s
BUE RS AR R R LIE 1(a) ], v LLZE L
Do i B B O I e A IV NIE [ o i o RS 5 Y &
2 1 e R I Ao

2017 4F AU 53 20 A0 500 S5 3 o RS i ) A
e B A A Lk 2 AR A 22 18] %) R )R] B, P AR i T 1 A
2 H b BRSOk B 5 PR S 1k B ] 7R SR gl 6 2 il 45
SEPLT DR BE AR AR S0 g e 25 SR SR W 7E 800~
1300 nm B4 1 [l N, 33098 0% 245 B 48 15 RS B A T
5nm (£ 0.6%), W2 & I ar H i AF 5% 21 428 19
RS E (25 2%6)

2020 4F , Ry 1 i — b 4 LR B ORG E e/)N
it S s ) [ g A 45 Lk e sk R e A S A A
PR R 2 AR BIE S A RRASCAE AR A A R ok
S5 G LT ST PR S I A 5 A AR b A, SR R R
il 56 25 Pr i 3 #5778 360~680 nm B A% 7 Y 52 B
T2 nm A8 A EAR TR B (250.3%) (K 3) .

2020 45, AHIF 5 20 Wk W8 45 2o 4% SN O £F 1
HE AR 7 DX RE i DN SR AR A 2 45 ) ik T 1) = B
DRy R R A K iR b A S E A= D @ CEREP 3
TR KBTI BR X, A A F58 6 I Tl o't &7 o H B ol %
O T BUAS TR A it il % 10 em KB
1.2 pm HE WML , L L5 &, 1550 nm %K 19
WA o 20 TR VIR i) 4 M ) e M 8 (£ o4 T =
Y 3% 1k %K 3] 99. 4% (BI<<0. 03 dB) »

T3 Ak BE X S BRI R A B (IR B B S B

1706001-2



$£ 425 F 17 H1/2022 F£ 9 A/FZH

BRGAK

B B IR
HiZD=A '_“ o
EisEE -

(RS
MEFER
T mvsse
4 GNEEKE
S pNEEEE o
L RS/
L OMANET  gaasasns
- rEE
T EGRARTS
 BREERAR
WEGEE
T BMEMAEE
R
L RkGME
LT RFRANATAS
B BERS BN
| mAmEEE
e kRS
O AMEER  kammum
- omER
e

B2 ANGER il 2 R Ve B SR

Fig. 2 Optical properties and applications of optical micro/nanofibers"
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Fig. 3 Preparation of high-precision optical micro/nanofibers
based on high-order mode cutoff feedback control™”.

(a) SEM image of a typical optical micro/nanofiber;

(b) optical micro/nanofiber drawing results with a preset

target diameter of 500 nm. The blue dots stand for
diameter value of the experimental measurement, the

dashed line stands for average value of the experimental
measurement, and the solid line stands for the target

value. 699 nm is the wavelength corresponding to the

cutoff of TEOL mode of a 500 nm diameter micro/

nanofiber
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Fig. 4 On-top parallel coupling of an Er*"/Yb*" co-doped high refractive index tellurite glass micro/nanofiber and one side of a silicon-

based microring cavity'

. (a) SEM image of the coupling structure; (b) optical microscope image of the coupling structure, in

which the green fluorescence of the tellurite glass micro/nanofiber comes from up conversion luminescence of Er’” ions excited

by a 976 nm light; (c) broadband photoluminescence spectrum of Er’™ ions in a tellurite glass micro/nanofiber coupled out from

the bottom horizontal drop waveguide, after circulating in the silicon-based microring cavity around 1550 nm band
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Fig. 5 Superconducting nanowire single photon detector (SNSPD) based on near-field coupling optical input of a micro/nanofiber™

52]

(a) Schematic of near-field coupling between a micro/nanofiber and a superconducting nanowire; (b) photo of a micro/nanofiber

coupled on-chip SNSPD module
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; (c) optical microscope image of a micro/nanofiber on-top coupled superconductor nanowire
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Fig. 6 Micro/nanofiber-based wearable "optical skin" tactile sensors™. (a) Schematic of the sensor structure; (b) response test results of

the sensor to 2.1, 1.3, 0.2, 0.1 Pa, respectively; (c) response test results of the sensor to mechanical vibration of 1, 4,

20 kHz, respectively; (d) photo of attaching the sensor on a wrist for pulse measurement; (e) pulse test results of 66 times per

minute
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Fig. 7 Pre-bent micro/nanofiber-based wearable "optical skin" sensors™’. (a) Schematic of the sensor structure; (b) comparison of the

cross-section modal field intensity distribution of a micro/nanofiber before and after being stretched; (c) experimental results and

real-device photo of attaching the sensor onto the forehead surface for body temperature measurement; (d) output spectra of the

sensor measuring different temperatures in an oil bath
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Fig. 8 All-optical ultrafast modulator based on hybrid "graphene-micro/nanofiber" structure™ ", (a) Schematic of the graphene-coated

micro/nanofiber (GCM) structure; (b) response time test results of pump-probe technique (the fiber diameter is 1.4 pm, the

GCM length is 20 pm, and the response time is ~2.2 ps when the pump power is 200 nW), and the inset shows the

dependence of the modulation depth on the pump intensity; (¢) schematic of two types of all-optical modulation structures based

on GCM (top: modulation structure based on absorption loss; bottom: optical phase modulation structure based on an all fiber

Mach-Zehnder interferometer); (d) experimental results of all-optical modulation based on two types of GCM structures (top:

pump pulse pairs with different intensities; middle: modulation results based on absorption structure; bottom: modulation results

based on phase modulation structure)
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