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Plasmonic sensor based on metal-dielectric combination of gold and MgF2 layers is studied in near infra-
red (NIR) spectral region. An emphasis is given on the effect of variable thickness of MgF2 layer in com-
bination with operating wavelength and gold layer thickness on the sensor’s performance in NIR. It is
established that the variation in MgF2 thickness in connection with plasmon penetration depth leads
to significant variation in sensor’s performance. The analysis leads to a conclusion that taking smaller val-
ues of MgF2 layer thickness and operating at longer NIR wavelength leads to enhanced sensing perfor-
mance. Also, fluoride glass can provide better sensing performance than chalcogenide glass and silicon
substrate.

� 2017 Elsevier Ltd. All rights reserved.
1. Introduction

Plasmonics is one of the most widely applied areas of nanopho-
tonics and possesses an exclusive setting for the manipulation of
electromagnetic (EM) radiation via confinement of the correspond-
ing EM field to the regions well below the diffraction limit. One
particular domain where plasmonics has explored significant
opportunities, and in which the sub-wavelength mode confines
at nanoscale region, is the surface plasmon-based sensing technol-
ogy. In simplest of the words, surface plasmons (SP) can be defined
as quanta of coherent transverse magnetic (TM) oscillations of the
surface charges at metal boundary [1]. SP-based optical sensors
have been extensively used for highly sensitive and selective
detection of various physical, chemical, and biological parameters
[2–7].

The performance of any plasmonic sensor depends on the con-
cerned metallic and dielectric media because they are the main dri-
vers of how deep the SPs can be confined and how strongly they
can interact with the incident EM field. In this view, there are
ever-existing possibilities of improving performance of SPR-based
sensors by, for example, introducing new materials, manipulating
the light wavelength, and optimizing the thickness of media (pri-
marily, metallic and dielectric) involved [8–10]. In this view, many
two-dimensional (2D) dielectric materials with sub-atomic thick-
ness and complex refractive index (RI) are being explored to
enhance the performance of photonic devices by manipulating
the depth and interaction of SPs [11–13]. However, these 2D mate-
rials (e.g., graphene, MoS2, MoSe2) are still in the exploration stage
and lot of information, such as dispersion relations in a large near
infrared (NIR) spectral range (which is available in limited wave-
length regions only [14,15]), is still to be produced for further
implementation in SP-based devices and sensors, in particular.

In this context, other dielectric material layers such as SiO2 [16]
and MgF2 [17] have been studied by exploring another similar phe-
nomenon known as plasmon waveguide resonance (PWR) to
enhance the sensitivity of plasmonic sensors. PWR is primarily
defined as a method to enhance the evanescent field by increasing
the thickness of dielectric layer (e.g., SiO2, MgF2 etc.) in order to
couple the waveguide mode of dielectric layer with surface plas-
mon wave (SPW). The above study determined that MgF2-based
plasmonic sensor provided significantly superior performance than
SiO2-based sensor [17]. However, there are a few aspects that are
yet to be explored. First, the above MgF2-based plasmonic sensor
was operated at single visible wavelength (633 nm) whereas
MgF2 is a dielectric medium showing encouraging optical proper-
ties in NIR also, therefore, the MgF2-based SPR sensor should be
explored in as large NIR spectral range as possible. This point is
important in terms of the application of MgF2-based sensor in
determination of biosamples due to their much smaller photodam-
age in NIR range compared with visible wavelengths [19]. There-
fore, an important objective should be to study the MgF2-based
plasmonic sensor in NIR leading to the development of sensor
probe for important practical applications such as biosensing.
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Apart from this, several key benefits can be achieved by moving
into the IR regime like enhanced sensitivity, lower power require-
ments, and deeper penetration depth [20–22]. Second, because the
penetration depth of SPW (which has a strong dependence on
wavelength) is directly connected to the thicknesses of metallic
and dielectric media involved, and strongly dictates the perfor-
mance of plasmonic devices [23], the variation in thickness of
dielectric MgF2 layer should be explored in conjunction with metal
layer thickness and operating wavelength in context of plasmonic
sensor’s performance. Furthermore, the role of different substrate
materials active in NIR spectral region should also be investigated.

In this work, an Au-MgF2 ‘metal-dielectric’ configuration has
been considered to analyze a plasmonic sensor in NIR spectral
region. The sensed samples are taken as normal water (H2O) and
heavy water (D2O) at room temperature. In order to optimize the
sensor’s performance, the analysis is carried out for a wide spectral
range in NIR. As a very important performance tuning parameter,
the effect of MgF2 thickness is evaluated in combination with dif-
ferent thicknesses of Au layer. Further, the MgF2-based sensor’s
performance is analyzed and compared for important glass materi-
als (chalcogenide, fluoride, and silicon) possessing favorable opti-
cal properties in NIR.

2. Theory and background

Proposed plasmonic sensor is based on Kretschmann configura-
tion [24] and comprises of four layers (shown in Fig. 1): (i) light
coupling substrate, (ii) metal layer, (iii) MgF2 layer, and (iv) analyte.

Following equation represents the plasmon resonance
condition:

2p
k

np sin hSPR ¼ real
2p
k

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
emes
em þ es

r� �
ð1Þ

The left hand and right hand sides of Eq. (1) represent the wave
vectors (along the interface) of incident TM light (monochromatic)
and SPW, respectively. In above equation, em and es are, respec-
tively, the dielectric constants of metallic and dielectric (analyte)
media; np is RI of the light coupling substrate material; hSPR is the
resonance angle of incidence; and k is the wavelength of incident
Fig. 1. Schematic of 4-layer Kretschmann configuration as an Au-MgF2 ‘metal-dielectri
rotary stage in order to carry out the sensing procedure under angular interrogation met
reflected optical signal encounters a sharp dip at the resonance angle (hSPR), which shift
curve is represented as dhSPR.
light. On coupling of SPs with incident light, a narrow dip in reso-
nance curve is obtained at the output having minimum (near zero)
reflectance (Rmin) at resonance angle (hSPR) as shown in Fig. 1. In the
following sub-sections, different components of the sensor along
with their properties and selection criteria are discussed:

2.1. Layer 1: Light coupling substrate

SPR-based structures in IR region have substantially different
excitation parameters and support advantages for sensing applica-
tions in terms of high probe depth [20] and more precise determi-
nation of SPR dip [25]. For that matter, chalcogenide glasses based
on the Group VI chalcogen elements (sulfur, selenium, and tel-
lurium) have generated significant interest due to their transparent
behavior in the IR region [26]. Substrates based on chalcogenide
glass have advantage over silica glass owing to its higher thermal
and chemical stability [26]. For the present study, As40Se60 chalco-
genide glass has been considered as light coupling substrate. The
wavelength-dependent RI of As40Se60 is taken into account [27].

2.2. Layer 2: Thin metal layer

Gold and silver encompass extraordinary optical properties
supporting plasmonic devices due to strong free electron behavior
[28]. Au is chosen as SPR active metal in the present study due to
its high stability against oxidation, more efficient bonding with
biochemical layers (e.g., thiol etc.) in comparison to silver [29],
and the largest dhSPR among the other SPR active metals, e.g., Ag,
Al and Cu [30,31]. Also, Au is preferred because highly polarized
SPW is generated with enhanced evanescent wave [32]. For the
present study, 40–65 nm thickness of Au layer is considered. The
wavelength dependent dielectric constant of gold in NIR is consid-
ered for sensor simulations [33].

2.3. Layer 3: MgF2 layer

An MgF2 layer is considered to be sandwiched between Au layer
and analyte sample. The previous studies show that MgF2 is almost
entirely immune to radiation damage in NIR [34]. This feature can
c’ configuration based plasmonic sensor. The sensor structure is usually fixed on a
hod. On the right hand, the corresponding resonance curve is depicted in which the
s to some other angle value upon change in analyte. The angular shift in resonance
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be particularly useful in plasmonic biosensor operating at NIR
wavelengths. MgF2 also shows extremely small thermo-optic coef-
ficient (�10�7 RIU/K) [35], which is useful in achieving stable sen-
sor performance against temperature fluctuations. The
corresponding wavelength dependences of RI of MgF2 has been
considered [18].

2.4. Layer 4: Analyte sample

In many of SPR sensor studies, the refractive index variation is
taken as constant for multiple wavelengths, which may lead to
non-precise results and conclusions. Therefore, for the present
work, the analyte layer is considered as H2O and D2O samples
being measured at room temperature. Their concerned dispersions,
i.e. the variation of refractive index (real part ‘ns’) and extinction
coefficient (imaginary part ‘js’) with wavelength, are taken into
account [36]. The wavelength-dependent absorption of light by
H2O and D2O samples is taken into account by carefully consider-
ing their corresponding extinction coefficients.

2.5. Transfer matrix method

The value of reflected output signal (R) should be calculated
with high precision to avoid any errors in recording hSPR. Since
the present structure is a multilayer one (i.e., substrate-Au
layer-MgF2 layer-analyte), so the transfer matrix method for N-
layer structure is used in order to obtain ‘R’ for p-polarized inci-
dent beam. The matrix method is very accurate as it contains no
approximations and has the ability, in generic form, to also
include incoherent (thick layers) and partially coherent (rough
surface or interfaces) reflection and transmission [37]. The matrix
method facilitates highly precise calculations for various multi-
layer structures including buried insulating and conducting lay-
ers, and multilayers with a thick incoherent layer in any
arbitrary position [37].

A basic N-layer optical system is shown in Fig. 2. The layers are
stacked along the z-axis. The arbitrary medium layer is defined by
thickness dk, dielectric constant ek, permeability lk, and refractive
index nk.

The tangential fields at the first boundary z = z1 = 0 are related
to those at the final boundary z = zN�1 by:

U1

V1

� �
¼ M

UN�1

VN�1

� �
ð2Þ

where U1 and V1, respectively, are the tangential components of
electric and magnetic fields at the boundary of first layer. UN�1

and VN�1 are the corresponding fields at the boundary of Nth layer.
M is known as characteristic transfer matrix of the combined struc-
ture given by:

M ¼
YN�1

k¼2

Mk ð3Þ
Fig. 2. Schematic for N-layer transfer matrix metho
Mk ¼
cos bk ð�i sin bkÞ=qk

�iqk sinbk cos bk

� �
ð4Þ
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1 sin
2 h
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k
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k
ek � n2

1 sin
2 h
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The amplitude reflection coefficient (r) for p-polarized light is
given by

r ¼ ðM11 þM12qNÞq1 � ðM21 þM22qNÞ
ðM11 þM12qNÞq1 þ ðM21 þM22qNÞ

ð7Þ

Finally, reflected optical signal (R) is calculated as:

R ¼ jrj2 ð8Þ
2.6. Performance evaluation parameter

As far as the performance of SPR sensor is concerned, it is
required that FWHM (resonance curve width) should be as small
and sensitivity (dhSPR/dns) should be as large as possible for reliable
SPR-based sensing [7]. For the present study, a single performance
parameter, known as combined sensitivity factor (CSF), is
employed [17,38].

CSF ¼ dhSPR
dns

� ðRmax � RminÞ
FWHM

ð9Þ

In above expression, dns is the difference between RI of normal
and heavy water samples and dhSPR is the corresponding angular
shift in resonance curve. Further, Rmax and Rmin are the normalized
reflectance values representing, respectively, the highest and low-
est points of the corresponding resonance curve. From above
expression, the unit of CSF is RIU�1.

2.7. Outline for simulation of sensor model

The study is based on angular interrogation method in which
there is variation in resonance curve obtained with respect to inci-
dent angle (h) at selected operating wavelength (k). The model for
proposed plasmonic sensor consists of:

(i) A monochromatic light source (e.g., a laser beam source)
with polarizer,

(ii) Multilayered structure (i.e., Au and MgF2 layers) deposited
on glass substrate, which is fixed on a rotary stage (for angu-
lar interrogation), and

(iii) Photodetector sensitive to the concerned wavelength range.
In angular interrogation method, position sensitive detector
(PSD) is used for the measurement of the angular shift in
light beam [39].
d to calculate the reflected light intensity (R).
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When a p-polarized (i.e., TM) light beam of wavelength k is con-
sidered to be incident through the light coupling substrate on the
substrate-metal interface at an angle h equal to or greater than
the angle (hATR) required for attenuated total reflection (ATR), the
evanescent wave is generated at the substrate-metal interface. This
evanescent wave acts as a medium to couple the incident light
with SPW and leads to resonant excitation of SPs. If ‘R’, which is
the output signal under angular interrogation, is measured as a
function of incident angle h, then a sharp dip is observed at reso-
nance angle hSPR (as shown in Fig. 1).

For calculating the SP penetration depth, the simulations were
carried out using COMSOL Multiphysics software tool, which pro-
vides a one-dimensional (1D) as well as 2D distributions of the
field in all the layers involved by considering their thicknesses,
RI, and operating wavelength. For simulating resonance curve
(with transfer matrix method) leading to CSF values under different
design considerations (e.g., for different thicknesses of Au andMgF2
layers, and wavelengths), the Matlab� software is utilized.
3. Results and discussion

In this section, a sequenced discussion of the steps will be car-
ried out leading to a sensor design with modalities for best possible
performance.

3.1. Au thickness optimization vis-à-vis MgF2 thickness and incident
wavelength

For a large number of samples, the performance of a plasmonic
sensor depends heavily on the depth of SPs into the adjacent media
because larger the penetration depth, stronger the interaction of
the field with analyte medium. Nevertheless, it is important to
mention here that a more confined penetration depth correspond-
ing to a similar field enhancement may be preferred in the moni-
toring of molecular interactions (in order to exclude the effect of
bulk RI). Also, the thicknesses of the media forming the plasmonic
junction (Au and MgF2 in this case) and wavelength of incident
light have very close connection in terms of radiation damping,
which is broadly a term related to amount of light energy radiated
back into the metal layer. Therefore, it is important to investigate
what thickness combination of Au-MgF2 junction and operating
wavelength may lead to the best sensing performance. In this con-
text, Fig. 3 depicts the optimization of Au thickness for different
NIR wavelengths.

The above plots in Fig. 3 correspond to MgF2 layer thickness of
200 nm. Two points stand out from the above diagram. First, the
variation of CSF with Au thickness follows a certain trend, i.e., CSF
attains a maximum (peak) value at a particular Au thickness corre-
sponding to each wavelength. With an increase in NIR wavelength,
the optimized Au thickness (i.e., corresponding to peak CSF) shifts
to a smaller value. Numerically, the optimized Au thickness is 63
nm at k = 900 nm, 56.4 nm at k = 1100 nm, 51.7 nm at k = 1300
nm, and 50.1 nm at k = 1500 nm. Second, the sensor’s overall per-
formance, determined in terms of CSF, improves with an increase
in NIR wavelength. It is clear from the figure that for any thickness
of Au layer, the value of CSF is significantly higher for 1500 nm
wavelength compared with other three NIR wavelengths. For
instance, at 40 nm thickness of Au film, the CSF at k = 1500 nm is
about 10 times, 2.4 times, and 1.5 times higher than CSF values,
respectively, at 900 nm, 1100 nm, and 1300 nm wavelength. This
observation clearly indicates that it is appropriate to operate at
longer NIR wavelengths to achieve enhanced performance from
the plasmonic sensor. The enhanced plasmonic sensing perfor-
mance at longer NIR wavelength has been reported previously also
[20]. In that sense, the above outcome corroborates the results of
above-mentioned work [20] related to plasmonic sensor perfor-
mance in NIR.

However, the above plots correspond to only a single value
(200 nm) of MgF2 layer thickness and it is also necessary to appre-
ciate how the optimized Au thickness varies for different MgF2
layer thickness. Following the aforementioned result regarding
preferring longer NIR wavelength, the inset of Fig. 3 demonstrates
the variations of (i) optimized Au thickness, and (ii) corresponding
peak CSF with MgF2 layer thickness at k = 1500 nm. It is visible
from the inset that for a fixed wavelength (i.e., 1500 nm), the value
of optimized Au thickness is different for each thickness of MgF2
layer. The optimized Au thickness varies non-linearly from nearly
49 nm (for 50 nm thick MgF2 layer) to 56 nm (for 600 nm thick
MgF2 layer). The right hand vertical axis represents the variation
of peak CSF corresponding to each MgF2 layer thickness. It is
important to note that peak CSF decreases with an increase in
MgF2 layer thickness showing a non-linear fall from 133.75 RIU�1

(for 50 nm thick MgF2 layer) to 124.50 RIU�1 (for 600 nm thick
MgF2 layer). It indicates that in order to achieve the best sensing
performance, one has to carefully and simultaneously select the
light wavelength, MgF2 thickness, and Au thickness. From the dis-
cussion so far, it can be established that longer NIR wavelength,
smaller MgF2 thickness, and the corresponding optimized Au thick-
ness may lead to significantly high sensing performance.

In order to meticulously establish the above optimization of the
sensor’s performance, the peak CSF is plotted at k = 1500 nm for the
considered full range of Au thickness (40–65 nm) and MgF2 thick-
ness (50–650 nm) as shown in Fig. 4.

While taking into account that longer NIR wavelength should be
preferred (as discussed above and supported by the previous
results [20]), the above structural variation of peak CSF confirms
that smaller MgF2 thickness and the corresponding optimized
thickness of Au layer (i.e., nearly 50 nm at k = 1500 nm) leads to
the maximum possible CSF value (133.75 RIU�1). Nevertheless,
the effect of MgF2 thickness on other aspects of the plasmonic sen-
sor based measurement must be analyzed in more detail in order
to comprehensively evaluate the sensor’s performance.
3.2. Analysis of resonance curves in view of MgF2 layer thickness

Following the above discussion, Fig. 5 depicts the resonance
curves at k = 1500 nm for five different values (50 nm, 200 nm,
350 nm, 500 nm, and 650 nm) of MgF2 layer thickness. It is visible
from Fig. 5 that a variation in MgF2 thickness significantly affects
the parameters of resonance curve corresponding to same analyte:
D2O, same Au thickness (optimized): 50 nm, and at same wave-
length: 1500 nm.

These parameters should be investigated in more elaboration to
comprehensively analyze the overall effect of MgF2 thickness on
sensor’s performance.
3.2.1. Sensitivity and detection limit
Sensitivity (dhSPR/dns) of a plasmonic sensor should be as large

as possible. The overall performance parameter (CSF) also takes
this into account and is directly proportional to the sensitivity as
per Eq. (9). For the present analysis, the shift in resonance curve
for D2O (RI = 1.3174 at k = 1500 nm [25]) sample is measured with
reference to H2O sample (RI = 1.3164 at k = 1500 nm [25]), i.e., dns
= 0.0010. From the simulation, it is observed that dhSPR marginally
increases with an increase in MgF2 thickness. More specifically,
dhSPR varies from 0.0224� (for 50 nm thick MgF2 layer) to 0.0229�
(for 650 nm thick MgF2 layer) leading to an almost constant sensi-
tivity for any MgF2 thickness considering, in particular, the fact
that the available position detectors have resolution of the order
of 0.001� only [39].



Fig. 3. Simulated variation of combined sensitivity factor (CSF) with Au layer thickness at four different NIR wavelengths (900 nm, 1100 nm, 1300 nm, and 1500 nm). The
plots correspond to MgF2 layer thickness of 200 nm and As40Se60 glass substrate. The analytes are considered to be H2O and D2O samples. The peak values marked (with
double arrow) at each curve correspond to the Au thickness where maximum CSF is achieved for the concerned wavelength. The inset shows the simulated variations of (i)
optimized Au thickness (on left hand vertical axis), and (ii) corresponding peak CSF (on right hand vertical axis) with MgF2 layer thickness (varied between 50 nm and 600
nm) at k = 1500 nm.

Fig. 4. Simulated variation of peak CSF as a two-dimensional function of Au and MgF2 layers’ thicknesses at k = 1500 nm. The thickness of Au and MgF2 layers are varied in the
wide ranges of 40–65 nm and 50–650 nm, respectively.
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The simulation results suggest that a detection limit of the
order of nearly 10�6 RIU is achievable (considering an angular res-
olution �0.001�) with the proposed plasmonic sensor design at k =
1500 nm. The previous studies show that operating in visible
wavelength region leads to reasonably larger shift in plasmon res-
onance curve causing better detection limit [17]. However, it
should also be kept in mind that in visible region, the resonance
curve gets significantly broadened [20] leading to greater measure-
ment error in addition to poorer suitability for biosample detection
(due to photodamage [19]) compared with NIR wavelength.
3.2.2. Rmax, Rmin, and FWHM of resonance curve
It can be noted from Fig. 5 that as MgF2 thickness is increased,

corresponding resonance curve’s dip (i.e., Rmin) approaches zero,
which indicates that the FWHM of resonance curve should increase
with MgF2 thickness due to lowering effect. The values of the cor-
responding FWHM mentioned in the bracket next to MgF2 thick-
ness vindicate the above observation. More precisely, the FWHM
of resonance curve varies from 0.134� (for 50 nm thick MgF2 layer)
to 0.214� (for 650 nm thick MgF2 layer) indicating nearly 60%
increase.

The resonance curve’s uppermost (Rmax) and bottom (Rmin)
points are also affected due to above lowering effect resulting from
the variation in MgF2 thickness. The inset of Fig. 4 presents the
variations of Rmax and Rmin along with ‘Rmax � Rmin’ with MgF2
thickness. As is visible, ‘Rmax � Rmin’ increases with MgF2 thickness,
however, it is important to gauge the extent of above increase
because CSF is directly proportional to ‘Rmax � Rmin’ as per Eq. (9).
Numerically, ‘Rmax � Rmin’ increases from 0.7291 (for 50 nm thick
MgF2 layer) to 0.9806 (for 650 nm thick MgF2 layer) indicating
nearly 34% increase. In this context, it is better to analyze the com-
bined effect of ratio (Rmax � Rmin)/FWHM on CSF and it is found that
the above ratio decays from nearly 5.5 (for 50 nm thick MgF2 layer)
to 4.5 (for 650 nm thick MgF2 layer). Thus, in terms of the ratio
(Rmax � Rmin)/FWHM, the value of CSF should increase if thinner
MgF2 layer is employed.



Fig. 5. Simulated resonance curves at k = 1500 nm for five values (50 nm, 200 nm, 350 nm, 500 nm, and 650 nm) of MgF2 layer thickness. The curves are plotted for Au layer
of 50 nm thickness and As40Se60 glass substrate. For all five plots, D2O sample is considered as analyte. The inset shows the corresponding variation of Rmax, Rmin, and ‘Rmax �
Rmin’ with MgF2 layer thickness. Also, the term mentioned in the bracket next to MgF2 thickness represents the corresponding angular FWHM (in deg.) of resonance curve.

Fig. 6. Simulated variation of CSF with MgF2 thickness for three different substrate materials (As40Se60, silicon, and CaF2) at 1500 nm wavelength. The curves are plotted for
Au layer of 50 nm thickness. D2O sample is considered as analyte measured with reference to H2O sample at room temperature.
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3.2.3. Measurability of resonance curve
In addition to the effect of MgF2 thickness on above-mentioned

parameters, it is also important to comment on its effect on the
measurability of resonance curve. Here, a perfectly measurable res-
onance curve is defined as the one which is as symmetric around
the resonance dip (i.e., hSPR) as possible so that FWHM, Rmax, and
Rmin can be measured accurately leading to correct estimation of
sensor’s CSF. It is also worthwhile to mention that the PWR effect
becomes increasingly prominent with an increase in MgF2 layer,
which may lead to appearance of second resonance dip corre-
sponding to plasmon waveguide mode. On the similar lines, it
can be observed that the resonance curves depicted in Fig. 5 have
variable symmetries depending onMgF2 thickness. Clearly, the res-
onance curve’s symmetry worsens with an increase in MgF2 thick-
ness, which can be described in terms of the plasmon penetration
depth. At k = 1500 nm, plasmon penetration depth in MgF2 is
nearly 1200 nm. Therefore, in a sensor design emphasizing on
applying the SP mode only, a fine balance has to be struck and
the MgF2 thickness should be taken in such a way that the suffi-
ciently strong interaction of SP mode with the analyte medium,
which is attached adjacent to MgF2 layer, may take place. If the
above interaction weakens, the coupling of SP mode with incident
light will be weaker, which will have a direct effect on the shape of
resonance curve leading to its deformation (or loss of symmetry)
owing to appearance of PWR modes. Fig. 4 represents the same
effect that as MgF2 thickness approaches closer to the penetration
depth, there is a loss of symmetry of resonance curve, which affects
the measurability of resonance curve as discussed above. Thus, it
poses another important constraint on the thickness of MgF2 layer
and the above discussion suggests that smaller MgF2 thickness
should be preferred, which is in concurrence with the result dis-
cussed in Section 3.2.2.

3.3. Performance variation among glass materials

Performance of a plasmonic sensor can be greatly affected by
the glass material employed as light coupling substrate. In the
introductory sections, As40Se60 chalcogenide glass was designated
the role of light coupling substrate. However, better sensing perfor-
mance at longer NIR wavelength (as discussed in Sections 3.1–3.2)
prompts to consider other material substrates having suitable opti-
cal properties in NIR spectral region. The possible choices may be
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fluoride glass and silicon. Among the fluoride glasses, CaF2 (cal-
cium fluoride) can be preferred due to high transparency, low RI,
and large transmission window in NIR [40]. Similar favorable opti-
cal properties are shown by silicon in NIR and mid IR spectral
regions [41]. In this context, Fig. 6 depicts the variation of CSF with
MgF2 thickness for three substrate materials (As40Se60, silicon, and
CaF2) at k = 1500 nm in order to clearly observe the difference of
their corresponding sensing performances.

It can be observed from the above figure that CaF2 glass sub-
strate is able to provide better sensing performance compared with
other two substrates for most of the MgF2 thickness values. At
small MgF2 thickness (in the vicinity of 50 nm), CSF for CaF2 and
silicon are almost identical but as the MgF2 thickness is increased,
the difference between their corresponding CSF values widens up.
It is also important to note that CaF2 substrate enables the signifi-
cantly smaller variation in CSF for the whole range of MgF2 thick-
ness, which further consolidates that CaF2 may be a better choice
at longer NIR wavelength in order to achieve higher CSF values as
well as to enable greater flexibility in choosing the suitable thick-
ness of MgF2 layer.
4. Conclusion

A detailed analysis of Au-MgF2 based plasmonic sensor is car-
ried out. After discussing the optimization of Au layer thickness
vis-à-vis incident light wavelength and MgF2 thickness, a detailed
analysis of the effect of MgF2 thickness on resonance curves simu-
lated for concerned analyte samples (normal and heavy water) is
carried out. It effectively exposes the reasons behind significant
variation in sensor’s overall performance that is analyzed in terms
of CSF (in RIU�1) for a range of MgF2 thickness values. Further, it is
found that taking large values of MgF2 layer thickness may be
avoided. Also, operating the sensor at longer NIR wavelength
ensures more improved performance. Moreover, as another impor-
tant result, it is found that fluoride glass substrates can provide
better sensing performance compared with other infrared-active
substrates such as chalcogenide glass and silicon substrate. It is
worth-mentioning that the experimental values of refractive
indices of different layers obtained by diverse groups under differ-
ent preparation conditions have been used for simulation, there-
fore, under real experimental conditions, these values may vary
and, hence, the practical performance of the proposed sensor
may also be different from the simulation results reported in this
study. The above differences may possibly be due to parameters
such as temperature variation (leading to thermo-optic effect),
the variation of wavelength measurement (leading to some disper-
sion effects), or errors in angle measurements. However, these
effects are not expected to cause significant variation in the pre-
dicted (i.e., simulated) and actual performance of the proposed
sensor.
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