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Abstract
The novel surface plasmon resonance (SPR) sensor based on hybrid structure of Ag-indium tin oxide (ITO)-blue phosphorene
(BlueP)/transition metal dichalcogenides (TMDCs)-graphene is presented. The BlueP/TMDCs heterostructure works as an
interacting layer with the analyte for the enhancement of the of the sensor’s sensitivity. For angular sensitivity, when the
BlueP/WS2 and graphene are bothmonolayer, the highest angular sensitivity with 348.8°/RIU is obtained. Themaximum angular
sensitivity of our proposed SPR sensor is about 2.83 times of the conventional sensor. For phase sensitivity, when the BlueP/
WSe2 is monolayer and graphene is bilayer, the highest phase sensitivity with 3.603 × 106 deg/RIU is obtained. The highest phase
sensitivity of our proposed SPR sensor is about 2.78 times of the Ag-ITO-graphene structure and 4.16 times of the Ag-ITO
structure. The SPR sensor has the advantages of high sensitivity, repeatability, and reusability, so it has a good prospect
application for food safety detection, biological engineering, medical diagnosis, and biochemical detection.
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Sensitivity

Introduction

Surface plasmon (SP) wave is sensitive to the change of the
refractive index of the sensing medium, and the application of
surface plasmon resonance (SPR) in sensor has attracted ex-
tensive attention and research. Based on this mechanism, dif-
ferent types of SPR sensor are designed to detect analysis.
SPR sensor is a new biochemical detection technology, which
has many advantages, such as high sensitivity, convenient
detection, and online detection [1–4]. It can be widely used
in many fields, such as material science, environmental pro-
tection, and food industry, which are directly related to human
survival and development [5–8]. In order to improve the per-
formance of SPR, many researchers have studied new mate-
rials [9, 10] and incident light in different wavelength [11, 12]
and optimized the structure [13, 14].

The traditional SPR sensor is a Kretschmann prism cou-
pling structure, which is no gap between the prism and the
metal film. The metal film is directly covered on the bottom of

the prism, and the object under test is placed under the metal
film. A beam of monochromatic polarized light is transmitted
through the prism, and the SPR phenomenon is excited by
changing the incident angle θ of the incident light or changing
the wavelength λ [15]. In the traditional SPR sensor, gold
(Au) [16], silver (Ag) [17, 18], aluminum (Al) [19], and cop-
per (Cu) [20] are commonly used as plasma metals. Ag has
better properties than other metals, so it is widely used in SPR
sensor. Leong et al. prepared the Ag nanoparticles to have
high uniformity and uniformity, which opens up a way for
SPR to effectively utilize the visible light region of electro-
magnetic spectrum [21]. Osov et al. investigated the optical
and morphological properties of CsBr-Ag complex thin films
deposited by thermal evaporation on glass substrate [22].

The metal layer of traditional SPR sensor usually uses pre-
cious metals, such as Au and Ag. It has been found that indi-
um tin oxide (ITO) can replace precious metals to produce
surface plasmons, so how to use ITO to excite SPR has
attracted the researcher’s attention [23, 24]. ITO film has good
conductivity, high transmission to visible light, and high re-
flection to infrared light [25–27]. Li et al. designed a self-
reference bimodal SPR sensor based onAu/ITO nanocompos-
ite [28]. Szunertis et al. prepared ITO thin films by radio
frequency sputtering at room temperature and prepared Ag/
ITO and U/ITO interfaces in chemical and optical stability
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[29]. Huang et al. proposed a vertical stack silica-silicon-
HfO2-ITO-HfO2-Ag-prismmultilayer light reflectionmodula-
tor based on SPR and studied it numerically [13]. Gan et al.
proposed a SPR sensor based on chromium-Ag-ITO structure
with sensitivity up to 69.88°/RIU [30]. Sharma et al. proposed
a sensitive quartz glass prism SPR sensor with ITO layer and
obtained the sensitivity of 164°/RIU [31].

Since the first discovery of two-dimensional (2D) materials
in 2004, 2D materials have attracted wide attention [32].
Graphene is one of the most widely used 2D materials [33],
which is only composed of a single hexagonal arrangement of
carbon atoms, with ultra-high electron mobility [34]. Simsek
et al. proved theoretically and numerically that graphene can
improve the tuning range and sensitivity of SPR biosensor
[35]. Chiu et.al proposed a high-sensitivity immunoassay sen-
sor for graphene oxide chip-based SPR chips [36]. Said et al.
proposed a finite difference time domain method to study the
effect of graphene as a monolayer coating on the surface of
Ag, Au, Al, Cu, and other metal films [37].With the discovery
of graphene, some new 2D materials black phosphorus (BP)
and transition metal dichalcogenides (TMDCs) have been
widely used in transistors and photodetectors due to their high
carrier mobility and excellent optical and electrical properties
[38, 39]. For the angular sensitivity, Ouyang et al. designed
SPR biosensor with Au-silicon-WS2, which the highest sensi-
tivity reached to 155.68°/RIU [40]. Meshginqalam et al. com-
pared the different biosensor structures based on a small
amount of 2Dmaterials such as BPwith the sensor parameters
of traditional Au-based SPR biosensor. The maximum angular
sensitivity of the structure consisting of 10-layer BP and
monolayer WS2 was 187°/RIU [41]. Han et al. proposed that
the maximum angular sensitivity of SPR biosensor based on
Ag-ITO-WS2 structures is 219.4°/RIU [42]. Wu et al. de-
signed SPR biosensor by using few-layer BP and TMDCs
heterostructure, which improved the sensitivity of the sensor,
and the highest sensitivity was 279°/RIU [43]. Zhao et al.
obtained the maximum angular sensitivity (315.5°/RIU) with
WS2 (7-layers)-Al-WS2 (7-layers)-graphene structure [44].
For the phase sensitivity, Zeng et al. developed SPR biosensor
with high sensitive with Au-graphene-MoS2 structure, which
phase sensitivity of 8.185 × 104 deg/RIU is obtained [45]. Han
et al. proposed that the maximum phase sensitivity of SPR
biosensor based on Ag-ITO-WS2 structures is 1.711 ×
106 deg/RIU [46]. Huang et al. proposed that the highest phase
sensitivity based on Cu-ITO-MoSe2 dielectric structure is
1.821 × 106 deg/RIU [42]. In addition, owing to the fact that
both blue phosphorene (BlueP) and TMDCs monolayer have
same hexagonal crystal structure, the hybrid structure of
BlueP/TMDCs can be constructed [47]. In the results shown
that compared with the traditional SPR sensor, the sensitivity
of the BlueP/MoS2 heterostructure is increased from 150.66°/
RIU to 230.66°/RIU [48]. In order to enhance the sensitivity
of traditional SPR sensor and utilize the advantageous

properties of BlueP/TMDCs, a hybrid structure based on
Ag-ITO-BlueP/TMDCs-graphene is proposed. The results
show that ITO, BlueP/TMDCs, and graphene can be com-
bined to enhance the performance.

Design Configuration and Theoretical
Method

In Fig. 1a, the angular sensitivity of SPR sensor comprises six
layers based on the Kretschmann configuration. As the cou-
pling prism, the BK7 glass is used for SPR sensor and its
refractive index is determined by the following relation [49]:

nA1 ¼
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi

1:03961212λ2

λ2−0:00600069867
þ 0:231792344λ2

λ2−0:0200179144
þ 1:01046945λ2

λ2−103:560653
þ 1

s

ð1Þ
where λ is the wavelength of incident light in μm. The refrac-
tive index of the second layer of silver (Ag) film can be cal-
culated by the following formula based on the Drude-Lorentz
model [50]:

nA2 ¼
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
1−

γcλ
2

γ2p γc þ iλð Þ

s
ð2Þ

where γp (1.4541 × 10−7 m) and γc (1.7614 × 10−7 m) denote
the plasma and collision wavelength. For the third layer of
ITO film, it can be described quantitatively by the classical
Drude free-electron theory [51]:

nA3 ¼
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
3:8−

γcλ
2

γ2p γc þ iλð Þ

s
ð3Þ

where γp and γc are 0.56497 × 10−7 m and 11.21076 × 10−7 m,
respectively. The fourth layer of BlueP/TMDCs with the
monolayer and refractive index at λ = 632.8 nm are shown
as Table 1 [47, 48]. Finally, the refractive index of the fifth
layer of graphene in the visible light range is given as [51]:

nA5 ¼ 3:0þ i
C1

3
λ ð4Þ

where the constant C1 ≈ 5.446 × 10−7 m and the monolayer
thickness of graphene is 0.34 nm. The sensing medium used
for initial calibration is deionized water with a refractive index
of nA6 = 1.330 +Δn [46]. Using Δn expressed the change of
the refractive index of the sensing medium caused by the
generation of biomolecule reaction.

In Fig. 1b, the phase sensitivity of SPR sensor comprises
eight layers: SF11 prism, BK7 glass, titanium adhesion, Ag,
ITO, BlueP/TMDCs, graphene, and sensing medium. For the
first layer, the SF11 glass prism with the refractive index is
given as [45]:
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nP1 ¼
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
1:73759695λ2

λ2−0:013188707
þ 0:313747346λ2

λ2−0:0623068142
þ 1:89878101λ2

λ2−155:23629
þ 1

s
ð5Þ

The second layer of BK7 glass is the same as BK7 glass in
Fig. 1a. According to the experimental data of Palik, the com-
posite refractive index at 632.8 nm was obtained [49]. Then,
the remaining five layers are the same as the angular
sensitivity.

Fig. 1 Schematic diagram of the Ag-ITO-BlueP/TMDCs-garphene enhanced SPR sensor a angular sensitivity and b phase sensitivity

Table 1 The monolayer and refractive index of BlueP/TMDCs at the
wavelength of 632.8 nm

Type of BlueP/TMDCs Monolayer (nm) Refractive index

BlueP/WS2 0.75 2.480 + 0.170i

BlueP/MoS2 0.75 2.810 + 0.320i

BlueP/WSe2 0.78 2.680 + 0.220i

BlueP/MoSe2 0.78 2.770 + 0.350i
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SPR sensor in this work used the He-Ne laser beam (λ =
632.8 nm). The numerical simulation is calculated by
MATLAB software. For the angular sensitivity, the thickness
of BK7 glass and sensing medium are dA1 = 200 nm and dA6 =
100 nm, respectively. For the phase sensitivity, the thicknesses
of SF11 glass, BK7 glass, titanium adhesion, and sensing
medium are dP1 = 200 nm, dP2 = 100 nm, dP3 = 2.5 nm, and
dP8 = 100 nm, respectively.

To study the SPR sensor performance, this paper uses the
transfer matrix method (TMM) and the Fresnel equation based
on the n-layer model. The reflectivity (Rp) of the p-polariza-
tion light is obtained as [52, 53]:

Rp ¼ rp
�� ��2 ¼ M 11 þM 12pNð Þp1− M 21 þM 22pNð Þ

M 11 þM 12pNð Þp1 þ M21 þM22pNð Þ
����

����
2

ð6Þ

where p1and pN are the corresponding terms for the first and
Nth layers, and M represents the layer structure combination
of transfer matrix (TM).

The resonance angle is the incident angle corresponding to
the minimum reflection ratio. Angular sensitivity (SA) can be
obtained by detecting the change of resonance angle (Δθ) in
the different refractive index of sensing media (Δn) [42]:

SA ¼ Δθ
Δn

ð7Þ

SPR only affects p-polarized light, so s-polarized light can
be used as a reference signal for eliminating environmental
noise to improve the stability and accuracy of SPR sensor in
the whole measurement process. The differential phase (ψd)
between p-polarization (ψp) and s-polarization (ψs) is shown
as [40]:

ψd¼ ∣ψp−ψsj ð8Þ

The SPR phase sensitivity (Sp) is defined as [46]:

Sp ¼ Δψd

Δnbio
ð9Þ

Results and Discussions

In past research, we can see that using relative bending index
prism can obtain higher sensitivity. Therefore, due to the low
refractive index of BK7 glass, it is selected as the coupling
prism of the sensor. For the angular sensitivity, the change of
refractive index of the sensing mediumΔn is calculated to be
0.005 with the 632.8-nm beam as the incident light. In Fig. 2,
the angular sensitivity of different layers of graphene in Ag-
ITO-BlueP/TMDCs (monolayer) structure is obtained. We
know that the graphene can get the best value in monolayer.
With the increase of graphene layers, the angular sensitivity of
Ag-ITO-BlueP/TMDCs (monolayer)-graphene structure is
decreasing. Therefore, we only need to consider the condition
with graphene monolayer.

In Fig. 3, the angular sensitivity with respect to the different
BlueP/TMDCs layers with graphene monolayer is obtained.
The optimized angular sensitivity with different layers of
BlueP/TMDCs is shown in Table 2. Therefore, we can know
that the angular sensitivity of Ag-ITO-graphene dielectric
structure with the BlueP/TMDCs is greatly increased.

The highest angular sensitivity for the Ag-ITO-BlueP/
TMDCs-graphene is shown as Table 3. When the BlueP/
WS2 is monolayer, the Δθ is 1.744° and the highest angular
sensitivity is 348.8°/RIU. When the BlueP/MoS2 is monolay-
er, the angular sensitivity is 309.6°/RIU. The BlueP/MoSe2 is
8-layer, leading to the angular sensitivity of 341.2°/RIU. For
the 7-layers of BlueP/WSe2, theΔθ is 1.712° and the angular
sensitivity is 342.4°/RIU. Therefore, we can know that the
SPR sensor of Ag-ITO-BlueP/WS2-graphene dielectric has
the highest angular sensitivity of 348.8°/RIU.

The variation of the angular sensitivity with respect to the
refractive index sensing medium is shown as Fig. 4. For the
Ag-ITO-BlueP/WS2-graphene structure (structure AI), when

Fig. 2 Angular sensitivity of different graphene layers in Ag-ITO-BlueP/
TMDCs (monolayer) structure

Fig. 3 Variation of the reflectance with respect to the layer of the BlueP/
TMDCs with monolayer graphene
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the graphene is monolayer and nA6 is 1.330, the highest angu-
lar sensitivity of 348.8°/RIU is obtained. With the increasing
of nA6, the angular sensitivity of structure AI is gradually
decreasing. When the nA6 is 1.336, the angular sensitivity of
301°/RIU is obtained. For the Ag-ITO-graphene structure
(structure AII), when the graphene is monolayer and nA6 is
1.330, the angular sensitivity is 217.6°/RIU. With the increas-
ing of nA6, the angular sensitivity of structure AII is decreas-
ing. In the nA6 = 1.336, the angular sensitivity of 207.6°/RIU
is obtained. For the Ag-ITO structure (structure AIII), when
the thicknesses of Ag and ITO are 46 nm and 12 nm, and nA6
is 1.330, the angular sensitivity of 168.4°/RIU is gained. With
the increasing of nA6, the angular sensitivity of structure AIII
is gradually increasing. In the nA6 = 1.336, the angular sensi-
tivity of 177°/RIU is obtained. For the traditional SPR sensor
with Ag, the angular sensitivity is 123.4°/RIU by the thickness
of Ag at 53 nm and nA6 = 1.330. With the increase of nA6, the
angular sensitivity increases gradually. At the nA6 = 1.336, the
angular sensitivity reaches 127°/RIU. Therefore, the angular
sensitivity of structure AI is 1.60 times higher than that of
structure AII and 1.68 times higher than that of structure
AIII and 2.83 times higher than that of traditional SPR sensor.

Then, the phase sensitivity is discussed. In order to analysis
of phase sensitivity, the thickness of Ag is fixed at 21 nm. In
Fig. 5, the phase sensitivity with different layers of BlueP/
TMDCs for diffident graphene is obtained. The highest phase
sensitivity for SPR sensor with Ag-ITO-BlueP/TMDCs (1-5)-

graphene (1-4) dielectric structure is summarized in Table 4. It
can be seen that when the BlueP/WSe2 is monolayer and
graphene is bilayer, the highest phase sensitivity of 3.603 ×
106 deg/RIU is obtained. Therefore, the BlueP/TMDCs plays
an important role in phase sensitivity for SPR sensor.

The optimum layer, graphene layers, the thickness of ITO,
and highest phase sensitivity for SPR sensor with Ag-ITO-
BlueP/TMDCs-graphene dielectric structure are shown in
Table 5. The order of phase sensitivity from high to low is
BlueP/WSe2, BlueP/MoS2, BlueP/MoSe2, and BlueP/WS2,
respectively.

For the Ag-ITO-BlueP/WSe2-graphene heterostructures,
when the thicknesses of WSe2 and graphene are monolayer
and bilayer, respectively, the maximum phase sensitivity value
3.603 × 106 deg/RIU is obtained. Therefore, phase sensitivity
of Ag-ITO structure (structure PIII), Ag-ITO-graphene
(bilayer) structure (structure PII), and Ag-ITO-BlueP/WSe2
(monolayer)-graphene (bilayer) structure (structure PI) dielec-
tric structure is discussed in Fig. 6. In Fig. 6a, when the re-
fractive index sensing medium (nP8) is 1.330, the structure PI
has the maximum phase change atΔθ of 48.40°, the structure
PII has phase change at Δθ of 48.42°, and the structure PIII
has the phase change at Δθ of 48.45°. From Fig. 6b, we can
know that the structure PII and structure PIII are 1.295 ×
106 deg/RIU and 6.269 × 105 deg/RIU at the nP8 = 1.330, re-
spectively. When nP8 = 1.331, the structure PI is 1.671 ×
106 deg/RIU, the structure PII is 1.399 × 106 deg/RIU, and

Table 2 The highest angular sensitivity for the Ag-ITO-BlueP/TMDCs-graphene structures

Type of BlueP/TMDCs Thickness of
Ag (nm)

Thickness of
ITO (nm)

Optimized
layers (N)

Graphene
layers (N)

Change in resonance
angle (Δθ)

Angular sensitivity (°/RIU)

BlueP/WS2 10 34 1 1 1.744 348.8

BlueP/WS2 10 33 2 1 1.642 328.4

BlueP/WS2 10 31 3 1 1.590 318.0

BlueP/MoSe2 9 27 4 1 1.708 341.6

BlueP/MoSe2 9 24 5 1 1.674 334.8

BlueP/MoSe2 9 22 6 1 1.644 328.8

BlueP/MoSe2 9 19 7 1 1.712 342.4

BlueP/WS2 10 24 8 1 1.722 344.4

BlueP/WS2 10 19 9 1 1.640 328.0

BlueP/MoSe2 9 17 10 1 1.579 315.8

Table 3 The highest angular sensitivity for the Ag-ITO-BlueP/TMDCs-graphene (monolayer)

Type of BlueP/TMDCs Thickness of
Ag (nm)

Thickness of
ITO (nm)

Optimized layers (N) Change in resonance
angle (Δθ)

Angular sensitivity (°/RIU)

BlueP/WS2 10 34 1 1.744 348.8

BlueP/MoS2 10 34 1 1.548 309.6

BlueP/WSe2 10 21 8 1.706 341.2

BlueP/MoSe2 9 19 7 1.712 342.4
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the structure PIII is 7.788 × 106 deg/RIU. In nP8 = 1.331, the
structure PI has decreased significantly compared with nP8 =
1.330. With the increase of nP8, there is a small fluctuation of
phase sensitivity, structure PI is kept at 1.580 × 106 deg/RIU
to 1.770 × 106 deg/RIU, structure PII is kept at 8.960 ×
105 deg/RIU to 1.260 × 106 deg/RIU, and structure PIII is kept
at 6.850 × 105 deg/RIU to 8.120 × 106 deg/RIU. Therefore,
the phase sensitivity of structure PI is 2.78 higher than that
of structure PII and 4.16 times higher than that of structure
PIII.

Comparative Analysis

In order to compare the results of previous studies, Table 6
summarizes the performance of metal-2D material-assisted
SPR sensor made. In the designed SPR sensor, the angular
and phase sensitivity have been significantly improved.

First, we discuss the angular sensitivity. In reference [40],
the angular sensitivity of 155.68°/RIU is obtained by Au-

Fig. 5 The phase sensitivity with different layers of BlueP/TMDCs: amonolayer of graphene, b bilayer of graphene, c 3-layer of graphene, d 4-layer of
graphene

Fig. 4 Variation of the angular sensitivity with respect to the refractive
index sensing medium
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silicon-WS2 dielectric structure. In reference [41], when BP of
2D material replaces silicon, the angular sensitivity is im-
proved to 187°/RIU. We can find that 2D material can im-
prove the performance of SPR sensor. In reference [42], the
angular sensitivity of 219.4°/RIU is obtained by Ag-ITO-WS2
dielectric structure. In reference [43], when BP and WSe2

replace ITO and WS2, respectively, the angular sensitivity is
improved to 279°/RIU. For reference [44], the angular sensi-
tivity of 315.5°/RIU is gained by WS2-Al-WS2-graphene di-
electric structure. However, in reference [48], when the BlueP/
MoS2 is added to Au and silicon, the angular sensitivity in-
creases to 230.66°/RIU. Compared with reference [40], the

Table 4 The highest phase
sensitivity for Ag-ITO-BlueP/
TMDCs (1-5)-graphene (1-4) di-
electric structure

Type of BlueP/
TMDCs

The thickness
of ITO (nm)

Optimized
layers (N)

Graphene
layers (N)

Phase sensitivity
(deg/RIU)

BlueP/WS2 192 5 1 1.700 × 106

BlueP/MoS2 191 2 1 1.760 × 106

BlueP/WSe2 188 6 1 1.632 × 106

BlueP/MoSe2 192 1 1 1.754 × 106

BlueP/WS2 190 5 2 1.725 × 106

BlueP/MoS2 185 6 2 1.757 × 106

BlueP/WSe2 191 1 2 3.603 × 106

BlueP/MoSe2 188 3 2 1.731 × 106

BlueP/WS2 188 3 3 1.722 × 106

BlueP/MoS2 184 6 3 1.706 × 106

BlueP/WSe2 185 6 3 1.769 × 106

BlueP/MoSe2 190 1 3 1.671 × 106

BlueP/WS2 184 6 4 1.688 × 106

BlueP/MoS2 186 4 4 1.624 × 106

BlueP/WSe2 185 4 4 1.731 × 106

BlueP/MoSe2 188 2 4 1.659 × 106

Table 5 The highest phase sensitivity for Ag-ITO-BlueP/TMDCs-graphene dielectric structure

Type of BlueP/TMDCs The thickness
of Ag (nm)

The thickness of
ITO (nm)

Optimized
layers (N)

Graphene
layers (N)

Phase sensitivity (deg/RIU)

BlueP/WS2 21 188 3 3 1.722 × 106

BlueP/MoS2 21 191 2 1 1.760 × 106

BlueP/WSe2 21 191 1 2 3.603 × 106

BlueP/MoSe2 21 192 1 1 1.754 × 106

Fig. 6 a The phase sensitivity of structure PIII, structure PII, and structure PI with nP8 = 1.330. b Variation of the phase sensitivity with respect to the
refractive index sensing medium
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performance of BlueP/TMDCs is much better than that of
TMDCs. In this work, when the ITO, BlueP/WSe2, and
graphene are added to the SPR sensor, the angular sensitivity
is enhanced to 348.4°/RIU. Subsequently, the phase sensitiv-
ity is discussed. In reference [45], when two kinds of 2D
materials are added to the metal, the phase sensitivity of
8.185 × 104 deg/RIU is gained by Au-graphene-MoS2 dielec-
tric structure. In references [46], when the ITO and WS2 re-
place BP, the phase sensitivity is enhanced to 1.711 × 106 deg/
RIU. In reference [42], the phase sensitivity value of Cu-ITO-
MoSe2 is 1.821 × 106 deg/RIU. But, in this work, after adding
ITO on the basis of two kinds of 2D materials, the phase
sensitivity value of Ag-ITO-BlueP/WSe2-graphene structure
is 3.603 × 106 deg/RIU. Therefore, we can know that the
BlueP/TMDCs can improve performance of SPR sensor.

Conclusion

In this work, a novel Ag-ITO-BlueP/TMDCs-graphene struc-
tures SPR sensor for higher precision biological instruments is
optimized and compared. First, we use a different layer of
BlueP/TMDCs and graphene to coat on the Ag and ITO film
to enhance the angular sensitivity, and the result shows that the
angular sensitivity can be increased to 348.4°/RIU by the Ag-
ITO-BlueP/WS2-graphene dielectric structure. The angular
sensitivity of Ag-ITO-BlueP/WS2-graphene structure is 1.60
times higher than that of Ag-ITO-graphene structure and 1.68
times higher than that of Ag-ITO structure and 2.83 times
higher than traditional SPR sensor of Ag film. Secondly, the
SPR sensor based on Ag-ITO-BlueP/WSe2-graphene dielec-
tric structure with phase sensitivity of 3.603 × 106 deg/RIU
shows best performance, which the BlueP/WSe2 is monolayer
and graphene is bilayer. The phase sensitivity of Ag-ITO-
BlueP/WSe2-graphene structure is 2.78 higher than that of
Ag-ITO-graphene structure and 4.16 times higher than that

of Ag-ITO structure. Therefore, the sensor of Ag-ITO-
BlueP/TMDCs-graphene structure proposed in this paper
may provide new ideas for design of ultrasensitive SPR
sensor.
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