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  Section 1: The calculation of the equivalent refractive index
A  hybrid  nano-modified  fiber  core  can  be  produced  by  coating  a  dielectric  layer  (i.e.,  WSe2 layer  in  our  work)  with
high-complex  refractive  index  on  the  surface  of  the  bare  silica  core.  The  disassembly  of  the  cylindrical  surface  in  the
fiber core allows the hybrid mechanism at each point to be explained by a two-layer structureS1, as shown in Fig. S1(b).
The characteristic matrix of the two-layer structure, which can be calculated as a continuous product of the characterist-
ic matrix of a single layer, is given as follows: 

M =
[
M11 M12M21 M22

]
=

[
cosδ1 (isinδ1)/η1
iη1sinδ1 cosδ1

] [
cosδ2 (isinδ2)/η2
iη2sinδ2 cosδ2

]
, (S1)

δr ηrwhere  and  (r=1,2)  represent  the  phase  thickness  and  the  oblique  optical  admittance  of  each  layer,  respectively.
Each element in the matrix is expressed in Eq. (S2):  

M11 = cosδ1 · cosδ2 − sinδ1sinδ2
η2

η1

M12 =
iη1cosδ1sinδ2 + iη2sinδ1cosδ2

η1η2
M21 = iη1sinδ1cosδ2 + iη2cosδ1sinδ2

M22 = cosδ1cosδ2 − sinδ1sinδ2
η1

η2

. (S2)

The characteristic matrix of the hybrid layer formed by the two layers has the same form as that of the single layer, as
expressed by Eq. (S3): 

M =

[
M11 M12

M21 M22

]
=

[
cosΓ (isinΓ)/E
iEsinΓ cosΓ

]
. (S3)

Each element in the matrix is given as follows:  
M11 = M22 = cosΓ
M12 = (isinΓ) /E
M21 = iEsinΓ

. (S4)

ETherefore, the equivalent admittance  of the hybrid layer can be expressed in Eq. (S5): 

E =
√
M21/M12 =

√
η1sinδ1cosδ2 + η2cosδ1sinδ2
η1cosδ1sinδ2 + η2sinδ1cosδ2

· η1η2 , (S5)

where the phase thickness and the oblique optical admittance corresponding to s-polarized wave and p-polarized wave
are described as follows: 

δr = (2π/λ)dr(nr
2 − kr2 − n0

2sin2θ0 − 2inrkr)1/2 , (S6)
  

ηrs = ζ(nr
2 − kr2 − n0

2sin2θ0 − 2inrkr)
1/2

ηrp =
y2r
ηrs

=
ζ2(nr − ikr)2

ηrs

, (S7)

yr = (nr − ikr) ζ ζ
θr

where  is the characteristic optical admittance of the dielectric.  is the optical admittance in free space.
The incident angle  of the light in each layer can be calculated by Snell’s law: 

N0sinθ0 = Nrsinθr , (S8)

Nr = nr − ikr Nr nr krwhere . ,  and  refer to the complex refractive index, the refractive index and the extinction coeffi-
cient of each layer, respectively.

In order to simplify the calculation, the incident angle is set as a constant value, and the refractive index of the bare
fiber core is set as 1.4580 corresponding to the wavelength of 600 nm. For the conventional fiber plasmonic resonance
sensor constructed by coating an Au layer on the surface of the bare fiber core, the slope of the wavevector component
of the evanescent wave is  calculated as 0.6964,  and the resonance occurs at  618.22 nm. As shown in Fig. S1(a) the re-
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fractive index of the WSe2 layer ranges from 2.8075 to 4.5306 corresponding to the wavelength of 300 nm–1500 nm. The
equivalent refractive index of the hybrid nano-modified fiber core is in the range from 1.4687 to 1.5174 which is higher
than that of the bare fiber core, as seen in Fig. S1(b). For the NMF-CPR sensor constructed by coating an Au layer on
the surface of the WSe2-modified fiber core, the slope of the wavevector component of the evanescent wave ranges from
0.6692 to 0.6914, and the resonance wavelength is in the range of 519.61 nm–594.66 nm, as seen in Fig. S1(c) and S1(d),
respectively. This exhibits obvious blueshift compared to that of the conventional fiber plasmonic resonance sensor. The
comparison of the resonance wavelength of the sensors based on four types of TMDCs-modified fiber core is listed in
Table S2. The peak refractive index corresponds to the minimum resonance wavelength that can be excited. The larger
the peak refractive index, the smaller the minimum resonance wavelength.
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Fig. S1 | (a) Refractive index of four types of TMDCs. (b) The variation of the equivalent refractive index no with that of the dielectric layer n2. In-

set: the bilayer structure representing the hybrid nano-modified fiber core. θ and λ are the incident angle and the wavelength of the incident light,

respectively. n1 is the refractive index of the fiber core. d1 and d2 are the thicknesses of two layers, respectively. (c) The variation of the slope of

the evanescent wave wavevector component with the refractive index of the dielectric layer n2.  (d)  The variation of the resonance wavelength

with the refractive index of the dielectric layer n2. ωp and ns are the plasma frequency of Au and the refractive index of the sample layer, respectively.

 
Table S1 | Comparison of Hall effect measurement of four types of TMDCs under the same conditions.

 

TMDCs Temperature (K) Resistivity (Ω·cm) Carrier mobility (cm2V–1S–1) Carrier concentration (1/cm3) Hall coefficient (cm3/C)a f-factor
MoS2

300

1.76×104 6.44 5.52×1013 –1.13×106 9.44×10–1

MoSe2 1.44×104 4.57 9.54×1013 –6.55×105 9.15×10–1

WS2 7.73×102 12.9 6.27×1014 –9.96×104 9.94×10–1

WSe2 1.21×102 30 1.72×1015 –3.63×103 9.97×10–1

a The negative Hall coefficient represents the N-type carrier.
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Table S2 | Comparison of the resonance wavelength of the sensors based on four types of nano-modified fiber core.

 

Type of sensor
Refractive index of TMDCs

(300 nm–1500 nm)
Equivalent refractive index of the

nano-modified core
Slope of the wavevector component of the

evanescent wave (tanα)
Resonance

wavelength (nm)
Bare fiber
core/Au

– 1.4580 0.6964 618.22

MoS2–modified
core/Au

2.6027−4.6014 1.4646−1.5200 0.6680–0.6933 516.62–603.21

MoSe2–modified
core/Au

2.6067−4.6401 1.4647−1.5215 0.6674–0.6932 514.99–603.05

WS2–modified
core/Au

2.9097−4.4938 1.4709−1.5161 0.6697–0.6903 521.18–590.30

WSe2–modified
core/Au

2.8075−4.5306 1.4687−1.5174 0.6692–0.6914 519.61–594.66

 

a bAu

ncore ncorercore rcore

rcladding rcladding

ncladding ncladding

WSe2

Au
WSe2@AuNSs

Fig. S2 | Schematic of the SPF based FEA models of (a) the NMF-CPR sensor and (b) the tip hot spot enhanced NMF-CPR sensor.
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Fig. S4 | Mode field distributions of  the (a)  fundamental  mode LP01 and (b–e)  four higher-order modes LP02, LP11, LP21-1 and LP21-2. The

darker the color in the mode field, the higher the energy. The red upward arrows represent the electric field that excites the plasmonic resonance.

(f) Loss spectra corresponding to the fundamental mode LP01 and four higher-order modes LP02, LP11, LP21-1 and LP21-2.
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Fig. S5 | (a–c)  Loss  spectra  of  conventional  fiber  plasmonic  resonance  sensors  with  different  thicknesses  of  Au  layers.  (d–f)  Loss  spectra  of

NMF-CPR sensors with different thicknesses of Au layers.
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Fig. S6 | (a–c) Resonance spectra of conventional fiber plasmonic resonance sensors with different thicknesses of Au layers. (d–f) Resonance

spectra of NMF-CPR sensors with different thicknesses of Au layers.
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Fig. S7 | Resonance spectra of tip hot spot enhanced NMF-CPR sensors with different doping proportions (WSe2∶AuNSs) of (a) 5∶1,
(b) 4∶1 and (c) 3∶1.
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Fig. S13 | Schematic of the demodulation system.
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Fig. S14 | (a) The filtering of the spectral signal. (b) The real-time interrogation of the resonance wavelength.
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Table S3 | Parameters for the simulation of spectral characteristics of sensors.

 

Structure Refractive index Size (nm) Notes

Fiber core ncore (λ) =

√
1+

a1λ2

λ2 − b21
+

a2λ2

λ2 − b22
+

a3λ2

λ2 − b23

Radius of the optical fiber core
rcore = 4.1 μm

λ a1
a2 a3 b1 b2 b3

 is the wavelength of the incident light. ,
, , ,  and  are Sellmeier

coefficientsS10.

Cladding ncladding =
√
ncore2 − NA2 Radius of the optical fiber cladding

rcladding = 62.5 μm
NANumerical aperture  is 0.12.

Au layer nAu =

√√√√1−
Ω2
p

ω(ω− iΓ0)
+

k∑
j=1

fjω2
p

(ω2
j − ω2) + iωΓj

Lorentz–Drude model, as shown in Fig. S3(a).
Thickness

40 nm, 50 nm and 60 nm

ω
Ωp =

√
f0ωp

ωp

f0
Γ0 k

ωj

fj 1/Γj

 is the angular frequency of the incident
light.  is the plasmon

frequency  associated with intraband
transitions with the oscillator strength 
and the damping constant .  is the

number of oscillators with the frequency ,
the strength  and the lifetime S11,S12.

WSe2 layer
The calculation is based on the first principles,
density functional theory and pseudopotential
plane wave methodS13, as shown in Fig. S3(b).

Thickness
8 nm, 10 nm and 12 nm

In the fabrication of the NMF-CPR sensor,
it is difficult to precisely control the number

of layers of layered WSe2 coated on the
surface of the sensor, but it is easier to

control the thickness of bulk WSe2

Therefore, the simulation is based on the
refractive index of bulk WSe2 in order to

achieve a good agreement with the
subsequent experiments.
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