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Abstract

The tungsten diselenide (WSe2) has attracted considerable interest owing to their versatile applications, such as p-n
junctions, transistors, fiber lasers, spintronics, and conversion of solar energy into electricity. We demonstrate all-
optical tuning of light in WSe2-coated microfiber (MF) using WSe2’s broad absorption bandwidth and thermo-optic
effect. The transmitted optical power (TOP) can be tuned using external incidence pump lasers (405, 532, and 660
nm). The sensitivity under 405-nm pump light excitation is 0.30 dB/mW. A rise/fall time of ~ 15.3/16.9 ms is
achieved under 532-nm pump light excitation. Theoretical simulations are performed to investigate the tuning
mechanism of TOP. The advantages of this device are easy fabrication, all-optical control, high sensitivity, and fast
response. The proposed all-optical tunable device has potential applications in all-optical circuitry, all-optical
modulator, and multi-dimensionally tunable optical devices, etc.
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Introduction
Optoelectronics, photonics, and microelectronics are
important and indispensable in modern telecommu-
nication systems. Photonic devices composed of mi-
cro- or nanometer-scale optical components are
developed to achieve miniaturized structure, fast re-
sponse, and high sensitivity [1]. Tunable all-optical
devices can be applied in optical communication and
signal processing. The light-control-light in fiber has
been reported, but it remains a challenge to enhance
the performance especially the transmitted optical
power (TOP) sensitivity and response time. One of
the good ways to improve the performance is using
the two-dimensional (2D) transition metal dichalco-
genides (TMDs), which have been extensively used
in the applications of sensors [2], optoelectronic de-
vices [3], transistors [4], saturable absorbers [5], and
memory devices [6]. All-optical modulation has been

realized with graphene-decorated microfiber (MF)
[7], graphene-covered MF [8], and stereo graphene-
MF structures [9]. Tuning of MF devices has been
achieved when the MF is connected to different ma-
terials, such as liquid crystal [10], lithium niobate
[11], and polymer [12]. All-optical tunable microfiber
knot resonator (MKR) with its top and bottom cov-
ered by graphene has been realized [13]. Coating the
smooth and lossless surface of the MF with different
2D materials enables light-control-light functionality
of MF and MF resonator. All-optical control of light
in WS2-coated MKR has been reported with a trans-
mitted power variation rate of ~ 0.4 dB/mW under
violet pump and a response time of ~ 0.1 s [14]. All-
optical light-control-light functionality of MKR
coated with SnS2 has also been realized; the TOP
variation rate with respect to the violet light is ~
0.22 dB/mW and the response time is as fast as ~
3.2 ms [15]. The TOP of the MF wrapped with
reduced graphene oxide was manipulated by the vio-
let pump light with a variation rate of ~ 0.21 dB/
mW [16]. All light-control-light properties of
MoSe2-coated-MF have also been investigated; the
TOP sensitivity is ~ 0.165 dB/mW under violet
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pump light and the rise time of the transient re-
sponse is ~ 0.6 s [17]. The TOP sensitivity and re-
sponse time are important properties of the MF
devices. For applications such as all-optical tuning
and optical modulation, improvements of the TOP
sensitivity and response time are required.
As a typical example of TMDs materials, tungsten

diselenide (WSe2) has received great research inter-
est, and it is potentially important building blocks
for electronic and optoelectronic. WSe2 has high
Seebeck coefficient, ultralow thermal conductivity,
and ambipolarity, making it an attractive candidate
for flexible electronics [18, 19]. For example, elec-
trical tuning of p-n junctions has been achieved
based on ambipolarity of WSe2 [20]. Electrical con-
trol of second-harmonic generation in a WSe2

monolayer transistor has been reported using strong
exciton charging effects in WSe2 [21]. WSe2 has
large absorption coefficient in the visible and near-
infrared regions, which has been exploited in conver-
sion of solar energy into electricity [22]. Compared
with the sulfide, the selenide is more stable and re-
sistant to oxidation in ambient conditions [23]. In
addition, WSe2 provides a high intrinsic hole mobil-
ity of 500 cm2 V−1 s−1, which is much higher than
that of MoS2 [24]. Using this property of WSe2, high
mobility p- and n-type field-effect transistors have
been reported with monolayer WSe2 [25]. The
monolayer WSe2 shows a direct bandgap with strong
photoluminescence [26]. The nonlinear saturable ab-
sorption properties of WSe2 have been applied as
saturable absorbers in fiber lasers [27]. The WSe2

Fig. 1 a Raman spectrum of WSe2. b Absorption spectrum of WSe2

Fig. 2 a Microscopic image of the fabricated MF. b Morphological characteristic of MF

Shen et al. Nanoscale Research Letters          (2019) 14:353 Page 2 of 13



shows great potential for all-optical control of light
in WSe2-based fiber devices.
The optical MFs are optical fiber tapers with a diam-

eter of several to over 10 μm. The MF is manufactured
by simple flame-heated taper drawing the fiber under
heat. As a result, the biconical taper is formed proving a
platform for interaction between the guided light and
the surroundings and connection to other fiberized com-
ponents [28]. The MF profile can be finely tuned to suit
different applications through controlling the pulling
speed and time in the fabrication process. The MF has
advantages of large evanescent fields, configurability,
low optical loss, tight optical confinement, and out-
standing mechanical flexibility [29]. The tight optical
confinement of MF provides a promising approach to
small-footprint optical circuits and low-threshold op-
tical nonlinear effect. Strong and rapid interaction be-
tween the guided light and the surroundings can be
obtained based on strong evanescent fields of MF.
This property of MF has been exploited for optical
sensing with different configurations, such as fiber

gratings inscribed on MF [30], surface functionalized
MF [31], and Mach–Zehnder interferometer [32, 33].
Strong light-matter interaction provided by MF has
also been applied to realize all-optical modulator, ul-
trafast fiber lasers [34, 35], and tuning and light-
control-light functionality.
In this paper, we employ the broad absorption

bandwidth and thermo-optic effect of WSe2 to ac-
complish all-optical tuning of light in WSe2 coated
MF. To realize all-optical tuning, the external pump
light with wavelengths of 405, 532, and 660 nm are
used to irradiate the MF. By employing the inter-
action between the external pump light and WSe2,
effective index change is realized and subsequently
induces output power variation. The measured TOP
sensitivity is 0.30 dB/mW under 405-nm pump light
excitation. The external pump laser-induced
temperature change and response of the device are
investigated. Theoretical simulations are performed
to verify the tuning mechanism of TOP.

Methods
The concentration of WSe2 dispersions was 1 mg/ml,
which was obtained through liquid exfoliation
method. In order to obtain WSe2 nanosheets with
uniform distribution, ultrasonic treatment of the
WSe2 dispersions for ~ 30 min was performed. In
order to characterize the WSe2 nanosheets, Raman
and UV-VIS absorption spectrum were measured.
The Raman spectrum of WSe2 nanosheets excited by
a 488-nm laser is shown in Fig. 1a. The WSe2 nano-
sheets display only one strong vibrational mode
around 252.2 cm–1, which is a result of degeneracy of
the E2g and A1g modes. An additional Raman peak
will appear at 5–11 cm−1 when the WSe2 flakes are
thinner than four layers [36]. The absorption
spectrum of WSe2 nanosheets measured by an UV–
VIS spectrophotometer (UV–2600, SHIMADZU) is
shown in Fig. 1b. In the wavelength range from 300

Fig. 3 Variation of TOP in MF during the deposition of WSe2

Fig. 4 a SEM image of the MF coated with WSe2. b Cross section view of the MF coated with WSe2 nanosheets
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to 700 nm, the WSe2 nanosheets have absorption.
From 400 to 700 nm, the absorption decreases with
wavelength. The absorption at three wavelengths 405,
532, and 660 nm is compared, as shown in Fig. 1b.
The MF was manufactured using the “flame-brush-

ing” technique. The MF was obtained by drawing a
piece of a standard single mode fiber from Corning
Inc. at a speed of ~ 0.2 mm/s, heated by a flame. In
order to realize all-optical control of light in WSe2-
coated MF, appropriate waist of the MF is required.
A smaller MF waist enables stronger interaction be-
tween light and WSe2, but the TOP might be too
weak to be detected since the loss is large. Figure 2 a
shows the fabricated MF with a diameter of ∼ 9.5 μm
in the uniform waist region. The inset of Fig. 2a is
the microscopic image of the MF with a 650-nm laser
launched at the input. The diameter of the MF was
measured using an optical microscope (Zeiss Axio
Scope A1 microscope). As shown in Fig. 2b, the waist
region of the MF has a length of ∼ 6 mm and a

diameter of ∼ 9.5 μm. The total length of the MF is ∼
25 mm.
Next step was deposition of the WSe2 nanosheets

onto the MF. Before the deposition, the MF was fixed
to a glass basin (20 mm × 5mm × 1mm) which was
made from glass and UV adhesive (Loctite 352, Hen-
kel Loctite Asia Pacific). After that, the WSe2 disper-
sion was dropped onto the MF using a pipette. The
TOP of MF during the deposition process was moni-
tored using a 1550-nm distributed feedback (DFB)
laser. As shown in Fig. 3, before deposition, the TOP
is about − 10 dBm. After 5 min of deposition, the
TOP decreases sharply to − 43 dBm. Then the TOP
increases to − 35 dBm after 14 min. The TOP be-
comes stable at − 37 dBm, indicating the deposition is
completed.
The scanning electron microscopy (SEM) image of

the MF coated with WSe2 nanosheets is shown in
Fig. 4. Figure 4 a shows the WSe2 nanosheets precipi-
tate on the MF with a diameter of ~ 9.5 μm, and its
enlarged image is shown in the inset of Fig. 4a. The
cross section view of the MF coated with WSe2 nano-
sheets is shown in Fig. 4b. The inset of Fig. 4b shows
that the thickness of deposited WSe2 nanosheets is ~
150 nm.
To investigate light absorption of the WSe2 film,

light guiding in the WSe2-coated MF was simulated
by finite element method in COMSOL. In the
model, a 150-nm WSe2 layer is wrapped around the
~ 9.5 μm MF. The refractive indices of the MF and
WSe2 nanosheet are 1.46 and 2.64 + 0.2i [37], re-
spectively. The calculation window is 20 μm ×
20 μm and the meshing size is 50 nm. The

Fig. 5 a 2D field distribution of the simulated guiding mode in WSe2-coated MF. b Radial field distribution of the bare MF and WSe2-coated MF,
and the inset shows a zoomed-in image of the field at the MF surface

Fig. 6 Experimental setup for measuring TOP of the device under
external laser light illumination
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wavelength was fixed at 1550 nm. The mode field
distributions of the MF and the WSe2-coated MF
were calculated. Figure 5 a shows the 2D mode dis-
tribution at 1550 nm. The effective index of the
mode in the MF with the WSe2 layer corresponding
to Fig. 5a is 1.4567–2.04 × 10−3 i, indicating WSe2’s
absorption. The radial field distribution of the bare
MF and WSe2-coated MF along the white dashed
line of Fig. 5a is plotted in Fig. 5b. The radial field
distribution has the same peak intensity at ~ 0 μm.
In the zoomed–in image of Fig. 5b, the field distri-
bution of WSe2-coated MF shows an abrupt vari-
ation as a result of index discontinuity.
The all-optical control of light in WSe2-coated MF

is characterized using the experimental setup as
shown in Fig. 6. The 1550-nm DFB laser (SOF–155–
D DFB LASER SOURCE, ACCELINK) is connected to
the input of the device, and the output is monitored
by the optical power meter. The 405-, 532-, and 660-
nm lasers are used for external pump. The MF coated
with WSe2 is irradiated by the lasers that are placed
~ 10 cm above the sample. Firstly, the TOP of MF
without WSe2 is measured using this experimental
setup.

Results and Discussion
Figure 7a–c shows the relative power variation for vari-
ous pump powers of the 405-, 532-, and 660-nm lasers,
respectively. As shown in Fig. 7a, the changes of TOP of
the bare MF are smaller than 0.03 dB under 405-nm
laser irradiation. Similar results are obtained for the 532-
and 660-nm lasers. The TOP variations are smaller than
0.02 and 0.03 dB for the 532- and 660-nm lasers,
respectively.
Then the TOP of the MF coated with WSe2

nanosheets is measured under different pump pow-
ers. The experiments are performed with the 405-
nm (violet) laser power (LSR405NL, Lasever Inc.)
ranging from 0 to 13.3 mW. Figure 8 a plots the
relative power variation of the MF coated with

WSe2 nanosheets under 405-nm laser illumination.
The TOP increases with the pump power. When
the pump power of 405-nm laser increases from 0
to 13.3 mW, the TOP variation is 4.2 dB. The TOP
variation is also 4.2 dB when the 405-m laser power
decreases from 13.3 to 0 mW. In order to analyze
the relationship between the TOP and 405-nm laser
power, the mean values of the TOP for different
steps of pump power in Fig. 8a are extracted. The
change of TOP with pump light power is shown in
Fig. 8b. The sensitivity of TOP variation to pump
power is determined by the slope of linear fitting
curve. A sensitivity of 0.30 dB/mW is obtained for
both increasing violet power and decreasing violet
power, verifying the all-optical control of light has
good repeatability and stability. The all-optical con-
trol of light of the MF coated with Wse2 nano-
sheets is analyzed with the 532- and 660-nm lasers.
Figure 8 c presents the TOP variation when the
532-nm (green) laser power increases from 0 to
13.3 mW. The TOP changes with the green laser
power. The relative power variations are 3.2 dB for
both increasing pump power (from 0 to 13.3 mW)
and decreasing pump power (from 13.3 to 0 mW).
The TOP variation for different pump light power
is plotted in Fig. 8d. The sensitivities are 0.23 dB/
mW for both the increase and decrease processes.
Similar results are obtained for the 660-nm (red)
laser pump. As shown in Fig. 8e, the TOP increases
by 2.9 dB when the red laser power increases from
0 to 17.0 mW, and the power change is the same
for the decrease process. The sensitivities under the
red laser illumination are obtained from Fig. 8f,
which are 0.16 dB/mW for both the increasing
pump power (from 0 to 17.0 mW) and decreasing
pump power (from 17.0 to 0 mW). In Fig. 8b, d,
and f for all-optical tuning, the linearity is different.
During the increasing power process, the R2 values
are 0.907, 0.976, and 0.984 for the violet, green,
and red lasers, respectively. The R2 values of 0.915,

Fig. 7 TOP changes with different pump powers under a 405-nm laser, b 532-nm laser, and c 660-nm laser illumination

Shen et al. Nanoscale Research Letters          (2019) 14:353 Page 5 of 13



Fig. 8 a TOP variation under different 405-nm laser power. b TOP variation versus 405-nm pump light power. c TOP variation under different
532-nm laser power. d TOP variation versus 532-nm pump light power. e TOP variation under different 660-nm laser power. f TOP variation
versus 660-nm pump light power
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0.977, and 0.991 are obtained in the decreasing
power process for the violet, green, and red lasers,
respectively. Here, the violet laser provides better
sensitivity but the linearity of the red laser is bet-
ter. However, for all-optical control of light in
MoSe2-coated MF, the 980-nm light has better lin-
earity and sensitivity than the 405-nm light [17].
Therefore, there is no consistent relationship be-
tween linearity and sensitivity for different devices
under different pump lasers. We believe the linear-
ity and sensitivity are related to the 2D material,
the deposition method, the fiber structure, and the
stability of the pump light.
It should be noted that the temperature of the MF

coated with WSe2 changes under laser illumination.
The temperature is recorded by a thermocouple
when the pump power changes. Figure 9 a shows
the change of temperature for various violet pump
powers. The temperature increases with the pump
power. The temperature increases from 21.6 to
28.1 °C when the violet pump power increases from
0 to 13.3 mW. When the violet pump power de-
creases from 13.3 to 0 mW, the temperature de-
creases from 28.1 to 22.0 °C. The temperature
variations are also monitored for the green and red
pump lasers. As shown in Fig. 9b, increasing and

decreasing the green laser powers in the range from
0 to 13.3 mW can induce 6.7 °C and 6.1 °C
temperature variations, respectively. Figure 9 c shows
the temperature variation under red laser pump,
which has the same varying trend. The temperature
changes by 7.1 °C and 7.0 °C when the red pump
power varies between 0 and 17.0 mW. The
temperature as a function of pump power is plotted
in Fig. 10. As shown in Fig. 10a, the linear fit of the
temperature variation gives sensitivities of 0.46 °C/
mW and 0.44 °C/mW for increasing and decreasing
violet pump power, respectively. Figure 10 b shows
the temperature sensitivities which are 0.44 °C/mW
and 0.41 °C/mW for increasing and decreasing green
pump power, respectively. For the red pump power
increase and decrease process, the temperature sensi-
tivities are measured to be 0.41 °C/mW. The results
indicate the WSe2 can be regarded as efficient and
compact heaters for all-optical control and thermo-
optic tuning [38]. In order to investigate the influ-
ence of environment temperature on the device
performance, the MF coated with WSe2 nanosheets
is placed onto a ceramic hotplate (CHP–250DF, AS
ONE) for TOP measurement. As shown in Fig. 11a,
the TOP variations are smaller than 0.03 dB when
the chamber temperature is changed from 22 to

Fig. 9 Temperature of the MF coated with WSe2 nanosheets for different a violet pump power, b green pump power, and c red pump power

Fig. 10 Temperature as a function of pump power for a violet laser, b green laser, and c red laser
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30 °C. The results which verify this device is insensi-
tive to the environment temperature. As shown in
Fig. 11a, the TOP variations are smaller than 0.03 dB
when the chamber temperature is changed from 22
to 30 °C. The results which verify this device is in-
sensitive to the environment temperature. This de-
vice is relatively stable when it is used in high
temperature for all-optical tuning. As shown in Fig.
11b, when the temperature is increased from 70 to
100 °C slowly, the TOP variations are smaller than
0.55 dB.
The transient response of the MF coated with

WSe2 nanosheets is measured using the experimental
setup shown in Fig. 12. The 1550-nm laser is con-
nected to the input of the MF. The outputs of the
violet, green, and red lasers are modulated by a sig-
nal generator (AFG 3102, Tektronix). The output of
signal generator is a square wave. A photodetector
(Model 1811, New Focus) and an oscilloscope
(DS1052E, RIGOL) are used to monitor the output

of the MF. Figure 13 a–c shows the response moni-
tored by the oscilloscope under violet, green, and
red laser illumination, respectively. As shown in Fig.
13a, the violet pump powers are 16.8, 20.3, and 22.8
mW for response time measurement. The rise time
and fall time are measured to be 17.9 and 18.4 ms
for the violet laser, respectively. For green laser illu-
mination, the pump powers are 8.3, 13.7, and 20.0
mW, as shown in Fig. 13b. The rise time and fall
time are measured to be 15.3 and 16.9 ms for the
green laser, respectively. As shown in Fig. 13c, under
red laser illumination with pump powers of 10.7,
16.8, and 20.5 mW, the rise time and fall time are
16.9 and 18.3 ms, respectively.
The tuning sensitivity of TOP is different for the

violet, green, and red pump lasers. This is because
the absorption is much stronger at shorter wave-
lengths, as shown in Fig. 1b. The all-optical control
of TOP is due to the combination of thermo-optic
effect and photon-generated carriers in MF with

Fig. 11 TOP of the MF coated with WSe2 nanosheets under a different environment temperature and b high temperature

Fig. 12 Experimental setup of the transient response measurement
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WSe2. The interaction between the external pump
light and WSe2 induces effective index change of
WSe2. The WSe2 nanosheets absorb the pump laser
light. The temperature of MF with WSe2 increases
with the pump power, as shown in Figs. 9 and 10.
The real part of refractive index (nr) of WSe2 de-
creases when the temperature of the MF with WSe2
increases [39]. The nr also decreases due to the in-
crease of carrier concentrations which is related to
conductivity of WSe2 nanosheets [40]. As a result,
the effective refractive index (neff) of guided modes
in MF coated with WSe2 is varied by external laser
illumination. The photon-generated carriers also lead
to index variation of WSe2 and change of the neff
[38]. Therefore, the TOP can be changed with exter-
nal pump lasers. Using the finite element method,
simulations are performed to investigate the mecha-
nisms of TOP tuning. As shown in Fig. 14a, the real
part of neff increases with nr. The real part of neff

increases from 1.4559 to 1.4567 with nr varying from
2.44 to 2.64 [41, 42]. The electric field distribution
of the mode with neff of 1.4559 is shown in the inset
of Fig. 14a. Variation of nr provides different mode
electric field distributions. Integrating the electric
field distribution of the whole cross section, the out-
put electric energy is calculated. As shown in Fig.
14b, the output electric energy decreases with nr
from 2.44 to 2.64 with a rate of 1.76 × 107 W/m.2

Therefore, the output power increases with the ex-
ternal pump power. The simulation results agree
well with the experimental results. In order to inves-
tigate the impact of the WSe2 layer number on the
device performance, simulations were performed by
finite element method in COMSOL. The thickness of
the four-layer WSe2 nanosheet is 2.8 nm, and the
corresponding refractive index of WSe2 is 3.7 + 0.2i
[43]. The linear fit of real part of neff versus nr is
shown in Fig. 15a. The real part of neff increases

Fig. 13 Response time of the MF coated with WSe2 nanosheets with a pump light wavelength of a violet laser illumination, b green laser
illumination, and c red laser illumination

Fig. 14 a The mode real part of neff as a function of nr for 150-nm WSe2 nanosheet. And the inset is the electric field distribution of the mode
with neff of 1.4559. b Dependence of output electric energy on nr for 150-nm WSe2 nanosheet
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with nr when it is varied from 3.50 to 3.70. The
electric field distribution of the mode for neff of
1.4550619 is shown in the inset of Fig. 15a which is
circularly symmetric. In comparison, the electric field
distribution of the mode in Fig. 14a is asymmetric
since the light is absorbed by the 150-nm WSe2
nanosheet. The output electric energy decreases
when nr increases from 3.50 to 3.70 with a rate of
1.41 × 104 W/m2, as shown in Fig. 15b. The output
electric energy variation rate of the 150 nm WSe2
nanosheet is much larger than that of the 2.8-nm
WSe2 nanosheet, indicating the thick WSe2 nano-
sheet provides better performance for all-optical
tuning.
The 3D finite-difference time-domain (FDTD)

(Lumerical FDTD Solution) was used to calculate the
output power of the MF overlaid with WSe2. The
schematic of the device configuration for output
power calculation is shown in Fig. 16a. In the model,
the thickness of WSe2 layer, the diameter of MF, and
the refractive index of the MF were set to be 150 nm,
9.5 μm, and 1.46, respectively. The length of the MF

is set to be 10 μm for qualitative calculation. The x, y
and z directions have a grid resolution of 10 nm. The
electric field distribution in the x-z plane cross-
sectional cut at y = 0 μm is shown in Fig. 16b. The
calculated transmission is shown in Fig. 17. As shown
in Fig.17a, the transmission of the MF decreases with
nr, and the variation trend is consistent with the re-
sults obtained with COMSOL. The losses are 10.80
and 10.94 dB/mm for nr = 2.44 and nr = 2.64, re-
spectively. Then the transmission of MF for wave-
lengths from 1530 to 1570 nm was calculated with
refractive index of WSe2 nanosheet fixed at 2.64 +
0.2i. As shown in Fig.17b, the transmission decreases
with wavelength. The loss varied from 10.58 to 10.85
dB/mm when the wavelength changed from 1530 to
1570 nm.
The performance of light–control-light devices are

compared in terms of TOP sensitivity and response time
at different pump light wavelengths, as listed in Table 1.
The all-optical control of light structure demonstrated
here has higher sensitivity compared with the MF, MKR,
and side-polished fiber (SPF) combined with various

Fig. 15 a The mode real part of neff versus nr for the four-layer WSe2 nanosheet. And the inset is the electric field distribution of the mode with
neff of 1.4550619. b Dependence of output electric energy on nr for the four-layer WSe2 nanosheet

Fig. 16 a The schematic of the device configuration for calculation with 3D FDTD. b The electric field distribution in the x-z plane cross section
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materials. The MF coated with WSe2 has faster response
than the all-optical tuning structures such as MKR com-
bined with WS2, MF overlaid with MoSe2, SPF com-
bined with liquid crystals, and MF covered with WS2.
Different factors contribute to higher TOP sensitivity
and faster response time of MF overlaid with WSe2.
Firstly, the WSe2 provides broad absorption bandwidth
in the visible light and thermo-optic effect for all-optical
tuning. Secondly, the MF structure is optimized for en-
hancing the light-matter interaction. Thirdly, the WSe2
nanosheets coating method enables precise nanosheet
thickness control and uniform material deposition.

Conclusions
We have fabricated and demonstrated all-optical tuning of
light in WSe2-coated MF based on the interaction between
external pump light and WSe2. Through the external

irradiation of pump light (405, 532, and 660 nm), WSe2’s
broad absorption bandwidth and thermo-optic effect prom-
ise effective index change and subsequently output power
variation. The sensitivity and fall time of 0.30 dB/mW and
15.3ms can be obtained, respectively. The tuning mechan-
ism of TOP is investigated with simulations. The perform-
ance of the MF covered with WSe2 such as TOP sensitivity
and response time can be further improved by using mono-
layer thin film, modern nanofabrication methods, and opti-
mized MF dimensions. The work is expected to promote
WSe2’s realistic applications in all-optical modulator, multi-
dimensionally tunable optical devices, etc.
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Fig. 17 Calculated transmission as a function of a nr and b wavelength

Table 1 Comparison of different light-control-light devices

Type of structure Wavelength of
pump light (nm)

Sensitivity
(dB/mW)

Response
time (s)

Reference

MF + bi–layer
grapheme

1060 0.007 1 × 10–6 [8]

MF + graphene 980 0.20 NA [9]

MKR + graphene 1530 0.02 NA [13]

MKR + WS2 405 0.40 0.10 [14]

MF + reduced
graphene oxide

405 0.21 NA [16]

MF + MoSe2 405 0.165 0.60 [17]

MF + TiO2 405 0.28 NA [31]

SPF + liquid
crystals

458 0.15 at
25 °C

5.00 [44]

MF + WS2 660 0.136 0.42 [45]

MF + WSe2 405 0.30 15.3 ×
10–3
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