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Abstract

Surface Plasmon Resonance (SPR) biosensors are widely used for real-time label-free detection in medical diagnostics,
pharmaceutical researches and food safety. Although there is a growing interest in miniaturization of biosensors for self-
detection and diagnostics at out of laboratory, the performance of conventional metal SPR sensors is still limited. In this
paper, we theoretically propose graphene-MoS2-metal hybrid structures based plasmon sensors under the best minimum
light intensity approach, which represents the performance analysis in case of the lowest reflected light strength. It is
demonstrated that the metal thickness can be reduced from 55nm to 32nm and 37nm meanwhile the performance of
the background sensor can be improved by 87% and 13% with the 4 additional MoS2 and graphene layers, respectively.
Besides MoS2 based SPR devices provide much better sensitivity performance than that of graphene, our results reveal
the another promising property of MoS2, the sensitivity of SPR sensors can be greatly increased with a few number of
MoS2 within the angular SPR system while reducing the size of the device, especially for particular applications such
as detecting a single molecule and biosensing at low biomolecule concentration. Furthermore, for the first time we show
that the equivalent optical properties of a multilayered structure is also depend on the layer thickness which provide a
novel knowledge for the next studies on 2D material based SPR plasmonic devices with the multilayered structures.

Keywords: Nanomaterials, Surface plasmons, Multilayers, Plasmonics, Biological sensing and sensors, Mathematical
methods in optics.

1. Introduction

Surface plasmons (SPs), i.e. polaritons, are the light
waves that propagate along the surface of a metal con-
tacting with a dielectric, and these evanescent waves are
formed by the plasma oscillations of free electrons near5

the metallic surface. When the resonant interaction be-
tween the incident photon (h̄ωphoton) and oscillations of
free electrons (h̄ωplasma) in the conduction band of the
metal is achieved, the incident light excites surface plas-
mons [1]. While this phenomenon (generally known as10

Surface Plasmon Resonance (SPR)) has been investigated
in the framework of plasmonics devices such as modula-
tors, switches, couplers and waveguide components [2],
it is also an excellent optical technique to measure the
properties of the nanoscale thin films [3, 4]. In addi-15

tion, SPR technique has been commonly subject to the
biomolecule and chemical sensing applications [5, 6]. SPR
biosensors use light to sense the optical changes in the
surrounding medium. As the sensing medium (e.g. wa-
ter) is doped with biomolecules, the refractive index of the20

medium near the metallic surface locally changes, and this
change produces variations in the pattern (e.g., resonance
angle, wavelength, phase, etc.) of the excitation light ac-
cordingly. Their extremely sensitive character makes SPR
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25 biosensors commonly used biooptical devices in particular
for real-time measurement and quantification of molecu-
lar binding kinetics such as antibody-antigen interactions,
DNA hybridization, and protein bindings [7, 8]. However,
the sensitivity of the best state-of-art conventional metal

30 based SPR biosensors can be improved up to a certain
limit [9, 10].

The recent years have witnessed the remarkable research
effort on graphene and the other two-dimensional (2D) lay-
ered materials. Above all, graphene, a novel zero-bandgap

35 material, has been extensively studied in the last decade
due to its unique optical and electrical properties such as
ultrahigh carrier mobility [11], optical opacity [12], high
thermal conductivity [13] and ultrafast wideband optical
response [14]. Despite being only a single atom thick

40 (∼0.34nm), graphene has an excellent compatibility with
nanofabrication, and therefore the potential applications
of graphene are enormous, ranging from solar cells to opti-
cal modulators [14, 15]. Recent researches have shown that
graphene also can be used as a biomolecular recognition

45 element (BRE) in SPR biosensors due to its strong detec-
tion capability through π-stacking force between graphene
and the carbon-based biomolecules [16, 17, 18, 19, 20, 21].
However, Wu et al. reported that the angular sensitivity
of conventional metal (gold substrate) SPR sensors can

50 be improved by 25% with deposited 10 graphene layers,
which is challenge at the moment for nanofabrication con-
sidering the number of layer [22]. On the other hand, it is



also reported that the angular sensitivity of a very similar
structure (silver substrate) can be reduced by increasing
the number of graphene layer [23]. The contradiction on55

the sensing behaviors of these sensors stems from the ad-
ditional 2nm chromium adhesion layer deposited between
the prism and the silver substrate in the latter design,
which indicates the other layers can reverse the effect of
the graphene on the sensitivity. Therefore, the alternative60

SPR substrate models are required for sensitivity enhance-
ment.

“Beyond graphene”, i.e. single-layered transition metal
dichalcogenides (TMDs), have shown great potential for
biological applications due to their rich characteristics such65

as large surface area, controllable electronic and optical
properties, and stability in aqueous environments [24].
Ultra-thin monolayer MoS2 (molybdenum disulfide), a
member of TMDs, is a two-dimensional semiconductor
with a direct bandgap of 1.8 eV . Due to relatively weak70

forces between monolayers in bulk MoS2, the formation
of atomically thin films with pristine interfaces is possible
from natural MoS2 crystals [25], and by chemical-vapor
deposition (CVD) method [26], and a monolayer MoS2 is
only around ∼ 0.65nm thick. MoS2 is a biocompatible75

nanocrystal [27], and currently it has received attention
for biosensing applications such as nanoprobe sensing plat-
forms [28], field effect transistor based biosensors [29, 30],
chemical sensors [31] and gas detectors [32]. Furthermore,
MoS2 can be stacked together with graphene to form a van80

der Waals-bonded heterostructure, offers great potential
to design new biosensing devices with various functionali-
ties [33, 34, 35]. Zeng et al. proposed graphene-MoS2 SPR
biosensor with Au substrate based on the phase change of
the excited light [36]. However the phase sensitivity of the85

proposed model has an exponential characteristic which
implies that the sensor gives same phase response for dif-
ferent analytes having relatively close refractive indices af-
ter a threshold point. Moreover, the differential phase de-
tection scheme requires highly complicated measurement90

setup, and sensors based on phase detection cannot me-
chanically moved [37]. A different type of graphene-MoS2

configuration was also reported with a fiber optic biosensor
based on the wavelength change [38], showing a decreasing
sensitivity after one layer MoS2. Maurya et al. recently95

presented the sensitivity analysis of graphene and MoS2

biosensors using silicon, demonstrates a decreasing sensi-
tivity with both graphene and MoS2 layers though [39].

Opposite to these results, we present here the sensitivity
of graphene-MoS2-metal hybrids can be enhanced greatly100

with a few number of MoS2 layers with the angular SPR
detection which is a simple measurement setup. We also
performed another analysis for the proposed hybrids with
graphene enhancement with TMM method. Graphene and
MoS2 were then compared in terms of the sensitivity en-105

hancement, and it shows the sensing performance of the
biosensor improves with both atomic layer. Considering
the most difficult scenarios for sensing such as detecting
a single biomolecule, and low biomolecule concentration,

the biomolecule layer was monolayer single stranded DNA110

(ssDNA) with a thickness of 3.2nm. In our model, op-
posite to the previous studies, we demonstrated that the
sensitivity doesn’t depend on metal thickness, and it can
significantly decrease while increasing the sensitivity with
atomic layer enhancement, considering the best minimum115

light intensity. In the background structure graphene is
used as a biorecognition element due to its strong interac-
tion capability with carbon-based molecules, and MoS2 is
deposited between graphene and the metal considering its
high optical absorption efficiency (∼10) [40]. Furthermore,120

considering A (∼1.9eV ) and B (∼2.1eV ) excitonic peak
points in the absorption spectra of monolayer MoS2 [41],
and the wavelength of the most widely used HeNe laser,
the incident p-polarized light is excited at 632.8nm. We
theoretically demonstrated graphene-MoS2-metal hybrid125

structure can work as simple angular SPR sensors with
highly improved sensitivity when the few atomic layers of
MoS2 is incorporated to sensor structure. Our results show
that the sensitivity of the background structure can be im-
proved by 87% and 13% with the 4 additional MoS2 and130

graphene layers, respectively. The sensitivity can be ∼2.3
times as large, when the metal substrate is coated with 5
layer MoS2 and 1 layer graphene.

2. Proposed Model and Theory

2.1. Optical Properties of the Layers135

The proposed atomic layered optical system is based on
the well-known Kretschmann’s attenuated total reflection
(ATR) configuration.

As shown in in 1(a), Ag-film is placed at the bottom
of the prism, and MoS2 is deposited between Ag-film and140

graphene. Graphene is in contact with the analyte to cap-
ture the carbon-based biomolecules via π-stacking inter-
action. The optical constants of graphene and MoS2 are
given in Table 1. We choose to use an empirical value for
graphene even though the experimentally measured optical145

constant of graphene may slightly differ from this value [3].
Note that the permittivity is defined by ε =ε′ +iε′′ where
the real part ε′ represents to the stored energy and the
imaginary part ε′′ represents the energy loss within the
medium.

2D material Thickness ε′ ε′′ Referecence
Graphene 0.34nm 7.68 6.895 [42]

MoS2 0.65nm 34.17 9.44 [43]

Table 1: Optical constants of Graphene and MoS2 at 632.8
nm.

150

The refractive index (RI) of SF11 is calculated as n1 =
1.7786 by using its dispersion formula. The RI of the metal
(Ag) is n2 = 0.05625 + i4.2760 [44]. The thickness of
the Ag-film is optimized during the design, therefore the
reader is referred to Table 2 and Table 3 for its thickness.155

The optical identity of monolayer ssDNA is given by n5 =

2



Figure 1: (a) The schematic diagram of graphene-MoS2-metal hybrid
structure based biosensor. P-polarized light is focused onto the metal
through the prism and the reflected light is detected via the pho-
todetector. (b) Excitation of surface plasmons with Kretschmann’s
configuration: At a certain incident angle, the tangential compo-
nent of the incident wave vector equals to the wave vector of the
surface plasmons which propagate along the x-direction at metal
(εm)−surrounding medium (εa) interface.

1.462 and d5 = 3.2nm, respectively [45]. The last layer is
water, and its refractive index is n6 = 1.3317.

2.2. Resonance Condition

When an incident light couple with a metallic surface160

which is in contact with a dielectric, free electrons induce
discontinuity in the magnitude of the electric field in the
direction of the surface normal. Surface plasmons have p-
polarized (TM mode) character, and therefore s-polarized
(TE mode) waves don’t support the plasmons due to not165

having any ~E component in the direction of the surface
normal.

Electric and magnetic field components of p-polarized
incident light are given by

~Ei = (Eix , 0, Eiz )ei(kixx+kiz z−ωt) [V/m] (1)

and
~Hi = (0, Hiy , 0)ei(kixx+kiz z−ωt) [A/m] (2)

respectively. By introducing (1) and (2) into source
free Maxwell’s Equations, and then applying the related

boundary conditions [46], the resonance condition is de-
rived as follows:

2π

λ

√
εp sin θRES =

ω

c

√
εmεa
εm + εa

(3)

where λ is the wavelength of the incident light, ω is the
angular frequency of plasmon, c is the speed of light, θRES

is the resonance angle, εp, εm and εa are the permittivi-170

ties of the prism, SPR metal and the adjacent medium,
respectively.

Note that the right hand side of the dispersion equa-
tion (3) defines the wave vector of the surface plasmons
propagating along the x-direction at metal-dielectric in-
terface:

ksp = k
′

sp + ik
′′

sp [m−1] (4)

where k
′

sp and k
′′

sp represent the propagation index and
absorption index of SPs wave vector, respectively. Sur-
face plasmons decay along the x-direction by a factor of
exp(−2k

′′

spx), and the propagation length is determined as
follows:

Lsp =
1

2k′′
sp

[m] (5)

2.3. Transfer Matrix Method (TMM)

2x2 Transfer Matrix Method (TMM) is a simple and ef-
ficient technique, and is employed with Fresnel Equations175

to derive the reflected light intensity of the proposed mul-
tilayer optical structure. It is assumed in the formulation
that all semi-infinite layers, parallelly placed along the z-
direction, are isotropic. The schematic of the generalized
multilayered optical system is illustrated in Fig 2.

Figure 2: The schematic illustration of N -layered optical system. ~E,
~H, ε, n and d represent electrical field, magnetic field, permittivity,
refractive index and thickness related to any layer, respectively. In
the most general sense, the field terms in each layer are written as
the summation of forward and backward waves, i.e. ~EN = ~E+

N + ~E−
N .

180

The boundary conditions imply that the field compo-
nents parallel to the surface must be continuous in this
N-layer model, which is leading:[

~E1

~H1

]
= M

[
~EN−1
~HN−1

]
(6)
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where ~E1, ~EN−1, ~H1 and ~HN−1 represent the tangential
components of electric and magnetic fields at the first and
the last boundary, respectively. M presents the system
Transfer Matrix of the optical layered system and is given
as [47, 36]:

M =

(
N−2∏
k=2

Mk

)
ij

=

[
M11 M12

M21 M22

]
(7)

where

Mk =

[
cos γk −i sin γk/ηk

−iηk sin γk cos γk

]
(8)

From equation (7), the reflected and transmitted light in-
tensity of N-layer optical system in case of p-polarization
are derived as follows:

RI =

∣∣∣∣∣ (M11 +M12ηN )η1 − (M21 +M22ηN )

(M11 +M12ηN )η1 + (M21 +M22ηN )

∣∣∣∣∣
2

(9)

and

TI =
n1 cos θN
nN cos θi

∣∣∣∣∣ 2η1
(M11 +M12ηN )η1 + (M21 +M22ηN )

∣∣∣∣∣
2

(10)
where

ηk =
cos θk
nk

=
(εk − n21sin2θi)1/2

εk
(11)

and

γk =
2πdk
λ

(εk − n21sin2θi)1/2 (12)

Here, ηk, εk and dk demonstrate the impedance, the per-
mittivity and the thickness of kth layer, respectively.

3. Results and Discussion

3.1. Optimization of Biosensor Structure

According to the conventional optimization approach,185

the thickness of the noble metal is determined at first, and
thereafter the sensing performance of the enriched sub-
strate is examined [22, 23]. However, here, the metal was
first coated with atomic layers, and then its thickness was
optimized according to minimum intensity. It is obvious190

that the lower the minimum intensity, the larger is the
surface plasmons’ amplitude. The proposed atomic lay-
ered biosensor structure was simulated by applying TMM
technique with the optical properties of the 6-layer sys-
tem. Background substrate consists of Ag, monolayer195

MoS2 and monolayer graphene, and in each step a new
layer, graphene or MoS2, was added. As shown in Fig. 3,
the resonance angle of pure Ag substrate without any
atomic layer is at 52.11◦, while this resonance occurs at
the angle of 52.75◦ for Ag with 1 layer (L) MoS2. There-200

fore, the change in resonance angle is 1◦/nm due to added
MoS2 monolayer. Furthermore, the resonance angle of the
background (Ag film-1L MoS2, 1L graphene) is at 52.91◦,
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Figure 3: SPR spectra of the pure metal (Ag), Ag+ 1L MoS2 and
background structures.

which is referred to 0.47◦/nm SPR angle shift due to
added 1L graphene according to Fig. 3. Table 2 shows205

that ensuring the minimum light intensity gives a better
contrast in SPR spectra, and the resonance angle posi-
tion shifts slightly less than 0.6◦/nm for added graphene
layers (∼0.2◦ change in θRES w/o ssDNA medium), and
this value is exactly matched with the same parameter ob-210

served experimentally for the gold (Au)-graphene sensor in
Ref [3]. In both tables, the reflected light intensity tends
to decrease with the number of graphene and MoS2 lay-
ers, implying the amount of the absorbed light by atomic
layers increases. The SPR spectra in accordance with the215

number of graphene and MoS2 layers with respect to the
incidence angle is plotted in Fig. 4(b) which is a clear illus-
tration of another attitude, coating with MoS2 makes SPR
curves more wider (rise in FWHM) than graphene coating
due to both its higher absorption and thickness than that220

of graphene.

Next, we summarize the results from the SPR curves
with and without the monolayer ssDNA molecules in Ta-
ble 2 and Table 3. As explained, the resonance angle
will shift after the presence of the biomolecule due to the225

change in the refractive index. Table 2 indicates that the
shift in the resonance angle ∆θRES increases with the num-
ber of graphene layer. Although the change in ∆θRES is
not bigger than 0.01◦ per layer, this parameter improved
by 13% after the 4 additional graphene layers. Similar ob-230

servations can be observed from the Table 3 which shows
the SPR angle shifts as a function of MoS2 layer thick-
ness. This time, however, the SPR angle shift is a large
as ∆θRES = 0.43◦ when the MoS2 layer thickness is 5 lay-
ers. As a result, the shift in resonance angle improved by235

87% when the background substrate was enhanced with
4 additional MoS2 layers. Besides, the rising ratio in the

4



Number of layers Ag-Thickness Reflected Intensity FWHM θRES θRES ∆θRES

Graphene (nm) (arb. unit) w/o ssDNA with ssDNA
0 55 ∼ 92× 10−5 0.4258◦ 52.04◦ 52.23◦ 0.19◦

Background 44 ∼ 22× 10−5 1.4739◦ 52.91◦ 53.14◦ 0.23◦

2 41 ∼ 64× 10−5 1.9454◦ 53.11◦ 53.35◦ 0.24◦

3 40 ∼ 9.3× 10−5 2.3003◦ 53.30◦ 53.54◦ 0.24◦

4 38 ∼ 10× 10−5 2.8402◦ 53.51◦ 53.76◦ 0.25◦

5 37 ∼ 5.6× 10−5 3.3122◦ 53.72◦ 53.98◦ 0.26◦

Table 2: Enrichment with Graphene

Number of layers Ag-Thickness Reflected Intensity FWHM θRES θRES ∆θRES

MoS2 (nm) (arb. unit) w/o ssDNA with ssDNA
0 55 ∼ 92× 10−5 0.4258◦ 52.04◦ 52.23◦ 0.19◦

Background 44 ∼ 22× 10−5 1.4739◦ 52.91◦ 53.14◦ 0.23◦

2 40 ∼ 30× 10−5 2.7203◦ 53.80◦ 54.07◦ 0.27◦

3 37 ∼ 40× 10−5 4.7312◦ 54.94◦ 55.25◦ 0.31◦

4 34 ∼ 18× 10−5 8.3131◦ 56.43◦ 56.79◦ 0.36◦

5 32 ∼ 0.8× 10−5 13.5693◦ 58.34◦ 58.77◦ 0.43◦

Table 3: Enrichment with MoS2

resonance angle without ssDNA is a constant, in the level
of 0.2◦ per graphene layer, and it implies this ratio doesn’t
depend on the thickness of the metal substrate. In this re-240

gard, the resonant angle shift related to the background
structure was evaluated with respect to the varied thick-
ness of the metal, and it was observed ∆θRES was stable
and constantly equaled to 0.23◦ (supplementary informa-
tion). However, the metal layer thickness may has a large245

effect on the reflected light intensity (and thus the surface
plasmons’ amplitude) which is consistent with the results
reported by [48].

Furthermore, keeping everything the same, except re-
placing the SF11 prism with a BK7 glass prism (n =250

1.5151), the model was modificated. The resonance an-
gle shift of the biosensor with the BK7 glass prism im-
proved about 11% for 5 layers graphene, which is less than
the result of the initial model. It was also observed that
the drop in the refractive index of the prism made the255

SPR curves more wider and increased FWHM parameter.
Equation (3) states that the resonance angle depends on
the optical properties of the first medium, i.e. the prism.
Therefore, it seems to be the case that SF11 glass is better
than BK7 glass for the proposed hybrid structures.260

3.2. The Sensitivity of the Proposed Biosensors

The major performance parameter of an SPR biosen-
sor is the sensitivity, and the change in resonance angle
determines the angular sensitivity, which is given by:

Sensitivity(S) =
∆θRES

∆n
[deg/RIU ] (13)

where ∆n is the change in the refractive index due to
biomolecules. Considering the cases of low biomolecule
concentration and the inhomogeneity in the sample, sen-
sitivity investigation was performed for 3.2nm ssDNA265

layer instead of conventional relatively large number of
biomolecule thickness approach. The sensitivity improved
by 21% when the pure Ag conventional sensor was coated
with MoS2/graphene bilayer. Sensitivity comparison in
Fig. 5 reveals that this parameter increases monotoni-270

cally with the number of atomic layers for both, MoS2

or graphene sensors opposite to the results of the simu-
lations performed for gold (Au)-silicon (Si) substrate in a
recent study [39]. Moreover, the nonzero imaginary part of
MoS2’s permittivity is bigger than that of graphene, and275

this term refers to the electron energy loss and the atten-
uation of surface plasmons. The rise in the sensitivity is
greater in case of MoS2 than that of graphene which may
create such an impression that there is no a direct propor-
tion between the intensity enhancement (at the interface280

of graphene-MoS2-metal hybrid substrate-adjacent layer)
and the angular sensitivity. However, another performance
parameter, namely, the detectability must also be taken
into account, which is basically evaluated within the in-
tensity enhancement, i.e. the sensor power. Even though285

an extensive detectability analysis is out of the context in
this work, the intensity enhancement is considered during
the investigation. The biosensor performance was also
examined for large number of atomic layers. The rise in
the sensitivity goes on for 8 layers in case of MoS2, and290

then it begins to drop. Graphene still provides enhance-
ment to sensor performance even for 20 layers. However,
the fabrication of a sensor structure with the large num-
ber of atomic layers is difficult at the moment. In addi-
tion, electrical field enhancement factor (EFEF), refers to295

the ratio between the maximum and the average electric
field at the surface, is dropped slightly bigger than half
when the background is coated with 4 additional MoS2,
as shown in Fig. 6. Therefore, the number of atomic
layers can be used for enhancement is determined as 5.300
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Figure 4: SPR spectra of the biosensors (a) with 37nm thickness
Ag-film with respect to the the number of graphene (b) with 32nm
thickness Ag-film with respect to the the number of MoS2.

Same simulations were also performed in case of 10 times
thicker ssDNA (d5 = 32nm.). In this case, the shift in res-
onance angle for the background structure takes the value
of 2.3◦ instead of 0.23◦, and rises in a same manner for
both MoS2 or graphene enrichment. This phenomenon305

can also be seen in Fig. 7, the change in resonance an-
gle shift to the refractive index of the sensing medium.
Fig. 7 shows that all calibration curves are linear, and 1L
graphene−5L MoS2−metal (32nm) hybrid structure pro-
vides the thinnest design and the better sensing perfor-310

mance than both metal and graphene based approaches,
in particular the sensitivity improvement of this design is
2.3 times larger than that of pure metal sensor.

3.3. The Origin of the Biosensor Sensitivity and the
Equivalent Permittivity315

The origin of the improved biosensor sensitivity can be
explained by studying equation (3). The argument of sine,
i.e. θRES , in equation (3) just depends on the permittiv-
ities of both the metal (εm) and adjacent media (εa) in
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Figure 5: Variation of sensitivity with respect to the the number of
graphene and MoS2 layers.

case of other parameters εp and λ are constant. Note that320

εa represents indeed an equivalent permittivity of MoS2-
graphene heterostructure within the analyte medium. As
shown in Fig. 4, the resonance angle shifts with the num-
ber of either graphene or MoS2, and this change simply
and only can come from a variation in εa according to325

equation (3). This outcome proves that optical proper-
ties of a multilayered structure also depend on the thick-
ness of layers. Hence, εa can be defined by a combina-
tion of the thicknesses and the permittivities of the re-
lated layers. In addition, the resonance condition (3) of330

the classical Kretschmann’s configuration (also for Otto’s
configuration) needs to be reformed in such a way that
involving not only permittivities, but also the thicknesses
of the all layers. Moreover, Fig. 4(a-b) show that MoS2

(∼ 0.65nm thickness) produces bigger shift in the reso-335

nance angle than that of graphene (∼ 0.34nm thickness)
which means the relatively thicker materials are dominant
in the optical properties of a multilayered structure. On
the other hand, MoS2 has a higher real part of the permit-
tivity than graphene and this is the another reason of the340

greater rise in the sensitivity in case of MoS2. Therefore,
to obtain the largest sensitivity improvement, a material
with a small imaginary (loss) but also a large real part in
permittivity is needed and of all those possible materials
MoS2 is a promising candidate. Note that equation (3) in-345

dicates an ideal case and doesn’t reflect the effects of εa on
the speed of light. In practice, however, we expect larger
improvements in sensitivity due to smaller electromagnetic
wave speed in MoS2.

6
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4. Conclusion350

In this work, we demonstrated the sensitivity of
graphene-MoS2-metal hybrid structure based plasmonic
biosensors can be highly improved by a few number of
MoS2 layer within the angular detection. Our results show
that the sensitivity of the background structure can be im-355

proved by 87% and 13% with the 4 additional MoS2 and
graphene layers, respectively, and it can be ∼2.3 times
as large, when the metal substrate is coated with 5 layer
MoS2 and 1 layer graphene. We prove with the proposed
model, the metal thickness doesn’t effect the angular sen-360

sitivity, and it can be reduced significantly (from 55nm
to 32nm) while increasing the sensitivity. Angular detec-
tion scheme is a simple measurement setup (in contrast
to phase detection), and our results provide the basic re-
sults to produce highly sensitive angular detection based365

portable devices in the near feature. We show that the
equivalent optical properties (refractive index, the permit-
tivity) also depend on the layer thickness in a multilay-
ered system. In this regard, we present here also a new
approach for further investigations on other SPR based370

plasmonic devices based on a multilayered system.
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