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Fig. 1. Atomic structures and band structures of (a) graphenel?” (b)

TMDs?", (¢) BPP7land (d) MXenel™. (e) Distribution diagram

of the bandgap of each material®”. Reprinted by permission from Ref. [27]. Copyright Nature Photonics. Reprinted by permission

from Ref. [78]. Copyright Advanced Materials.
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Table 1.  Properties of different 2D materials.
graphene 0 3.35 1600—5300 583 -8.7x 10" 107 200 fs—1 ps [84—86]
TMDs 1—2 6.04—6.91 19—112 381—590 7(0&45{;114'38) 1012 1 ps—400 ps [84, 85]
BP 0.3—2.2  5.24—5.29 6—89 459 ~7.85 x 1015 6.8 x 109 360 fs—1.36 ps [84, 89, 87]
MZXene <0.2 — 298—460 10 1013 1010 — [82, 88]
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Fig. 2. (a) Experimental setup of an MZI all-optical modulator based on MXene materials; (b) high-magnification HRTEM atomic

lattice structure of MXene nanosheet; (c) optical microscopy image of microfibers deposited with MXenes; (d) Raman spectrum of
Ti3C,T, and TizAlC,. Reprinted by permission from Ref. [100]. Copyright Advanced Materials.
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ing; (d) waveforms of signal light at 40 Hz. Reprinted by permission from Ref. [100]. Copyright Advanced Materials.
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All-optical switch experimental device with MI structure; (b) waveforms of control light and signal light and their fitting

curves; (c) waveforms of signal light when control light modulation frequency changes. Reprinted by permission from Ref. [104].
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Fig. 6. (a) Schematic diagram of the three-dimensional structure of MI twin-core fiber; (b) cross section of twin-core fiber; (c¢) cross

section and (d) polished surface of the polished area of twin-core fiber; (e) twin-core fiber output light intensity monitoring. Reprin-

ted by permission from Ref. [108]. Copyright Optics Letters.

FR MI S5 48 A7 S5 M AL IR 7 58, it WIA 6.
W R BERR T RGENTENE, I R MI &5
ROk, SERE T 1550 nm (91556, JHEH
ZERUARET I 7 9 980 nm HhiZ Y6 IR 5 5.
R ALER Bon i 55.8 ms B EFHEFE] S 15.5 ms /Y
R LA A R R AT DL GE O
FRIREN KA S X BRSOk 4

3.3 PI&EHENFRX

PI 258 ) 20 G — 208 T HOLR0N 4
SeHF KB VIR . anlEl 7(a) B, PT 454 Y 4
HIHF Rk H LPE & B B fb 8 (MoS,)-R 4
Ml (PVA) I8 8 i+ FC/APC 625 3% 42 fa #
A 006l FEIX ARG, 980 nm FE i Y65 1550 nm
H LA MRS (PC) PR TATFaE

184216-7


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

) 32 2 3R Acta Phys. Sin. Vol. 69, No. 18 (2020) 184216
Control light
(a) 980 nm Polarization
pulsed light controller
/ WDM MoS,

Signal light :

1550 nm Polarization

Oscilloscope

CW light controller
1.04 (b) 10
7} r 0.5
2
2 0.8 I
:? 0 20 40
= 0.6
~
2
‘m 0.4
=}
g
2 0.2
0 el k.l'%- : |
0

10 20 30 40

' WDM

Output Polarizer

1.0{ (o) —Exp.
— Fit
2
Z 0.8
=
=06
~
&
G 0.4
=]
Q
g
S 0.2
04 . : .

AL

—400 —200

UACENAARCAL

200 400

Time/ms

B 7 (a) PLESHY AR 5230246 B 100 (b) (5 5 0GR, 4 R FEHRDGEOIE 109 (c) B~ 2015 5 U1 LUK AR ML Y485 it 2k 100);

() 10 B 0 4 5 00

Fig. 7. (a) PI structure all-optical modulation experimental device; (b) signal light waveform, illustration: control light waveform;

(c) single all optical signal switching and corresponding fitting curve; (d) output signal light for long-term measurement. Reprinted

by permission from Ref. [106]. Copyright Chinese Optics Letters.
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Fig. 8. (a) All-optical switch experimental device; (b) GMFR preparation process; (¢) GMFR optical microscope image; (d) GMFR

transmission spectrum of controlled light on (black) and controlled light off (blue), the red line represents the reflection peak of

FBG filtering. Reprinted by permission from Ref. [107]. Copyright Applied Physics Letters.
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Table 2. Comparison of all-fiber devices based on two-dimensional material thermo-optic effect.
KSR A THERPRZER O MEER BJRRRE RRERNE DG /AB FEHIRE ) - m W Ref.
graphene MF 4.00 ms 1.40 ms 20 0.091 [101]
Mxene MF 4.10 ms 3.55 ms 18.53 0.061 [100]
MZI phosphorene MF 2.50 ms 2.10 ms 17 0.029 [75]
boron MF 0.48 ms 0.69 ms 10.5 0.01329 [90]
WS, MF 7.30 ms 3.50 ms 15 0.0174 [102]
antimonene MF 3.20 ms 2.90 ms 25 0.049 [103]
bismuthene MF 1.56 ms 1.53 ms 25 0.076 [104]
M MXene MF 2.30 ms 2.10 ms 27 0.034 [105]
graphene SPTCF 55.80 ms  15.50 ms 7 0.0102 [108]
PI MoS, TF 3245ps 3531 ps 10 NA [106]
o graphenen MF 2047 us 2122 ps 13 0.115 [107]
perone MXene MF 306 ps 301 ps 12.9 0.196 [109]
#: MF, microfiber. TF, Thin film. SPTCF, side-polished twin-core fiber.
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Fig. 10. (a) Experimental diagram of all-optical thresholder; (b) pulse profile of fiber laser source; (c) noise pulse tracking; (d) mer-

ger pulse trajectory includes fiber laser source and noise source. Reprinted by permission from Ref. [76]. Copyright 2D Materials.
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Fig. 11. (a) Waveform of light pulse before passing through antimony micro-nano fiber; (b) waveform of light pulse after passing

through micro-nano fiber of antimony material. Reprinted by permission from Ref. [76]. Copyright 2D Materials.
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Fig. 12. (a) Experimental device of all-optical phase modulator based on graphene optical Kerr effect; (b) optical microscope image
of GCM; (c) transmission spectrum of GCM; (d) top: paired switching pulses; middle: pulse modulation signal of GCM fiber; bot-
tom: MZI pulse modulation signal containing GCM; (e) for loss modulation including GCM (solid red line), MZI modulator phase
modulation (solid red line) and MZI loss modulation (blue dotted line) output signal modulation depth and peak switching power
relationship. Reprinted by permission from Ref. [118]. Copyright Optica.
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Table 3. Comparison of all-optical devices based on nonlinear effects of different two-dimensional materials.
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SPECIAL TOPIC—Nonlinear optics and devices of low-dimensional materials

All-optical devices based on two-dimensional materials”®
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Abstract

The leap in communication technology in recent years has brought new challenges to the compactness,
modulation speed, working bandwidth and control efficiency of modulation equipment. The discovery of
graphene has led the two-dimensional materials to develop rapidly, and a series of new materials have
continuously emerged, such as MXene, black phosphorus, transition metal sulfides, etc. These new two-
dimensional materials have excellent nonlinear optical effects, strong light-matter interaction, and ultra-wide
working bandwidth. Using their thermo-optic effect, nonlinear effect and the combination with optical structure,
the needs of ultra-fast modulation in optical communication can be met. Compact, ultra-fast, and ultra-wide
will become the tags for all-optical modulation of two-dimensional materials in the future. This article focuses
on all-optical devices based on thermo-optical effects and non-linear effects of two-dimensional materials, and
introduces fiber-type Mach-Zehnder interferometer structures, Michelson interferometer structures, polarization
interferometer structures, and micro-ring structures. In this paper, the development status of all-optical devices
is discussed from the perspectives of response time, loss, driving energy, extinction ratio, and modulation depth.
Finally, we review the latest developments, analyze the challenges and opportunities faced by all-optical devices,
and propose that all-optical devices should be developed in the direction of ring resonators and finding better
new two-dimensional materials. We believe that all-optical devices will maintain high-speed development, acting

as a cornerstone to promote the progress of all-optical systems.

Keywords: all-optical devices, two-dimensional material, optical nonlinear effect, thermo-optic effect
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