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Employing Ge>SboTes (GST) for Detection
of Women Reproductive Hormones
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Abstract—The present research demonstrates a novel
1D photonic crystal (PhC) based reconfigurable biosensor
pertaining to label-free detection of different concentrations
of progesterone and estradiol, which play a vital role in
developing reproductive hormones in women. The pro-
posed sensor is designed by an alternative arrangement
of Nag AlIFg and CeO,, with a central defect layer. A thin
layer of novel phase change chalcogenide material (Ges Sbo
Tes) is deposited along the two sides of the defect layer to
improve the sensing performance. Numerical simulation of
transmission spectrum for TE mode is carried out by using
the transfer matrix method (TMM). The mainstay of this
research is centered on the assay of shift in the defect mode
position and intensity with respect to different concentra-
tions of analyte, by changing the phase of the GST material
from amorphous to crystalline. Interestingly, we observed a
high tunability in defect mode wavelength, when the phase
is changed from amorphous to crystalline, which leads to
accomplishment of a high sensitivity of 1.75 nm/nmol/L
for progesterone and 20.5 nm/nmol/L for estradiol. Aside
from sensitivity, other significant parameters like figure of
merit and detection limit are computed, which give a deep
insight into the sensing performance. These encouraging
sensing performances pave the path for efficient detection
of different concentrations of progesterone and estradiol to
monitor various gynecological problems in women.

Index Terms—Photonic crystal, phase change material,
transfer matrix method, defect mode, biosensor.

|. INTRODUCTION

VER the past two decades, photonic crystal (PhC) struc-
tures have come up as a promising candidate to control
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and manipulate the flow of electromagnetic (EM) waves [1].
The PhCs are artificial structures with periodic arrangement of
dielectric layers in space in one dimension (1D), two dimen-
sions (2D) or three dimensions (3D). Compared to the 2D
and 3D PhCs, 1D structures have gathered enormous research
attention due to their special properties like ease in manufac-
ture, simple structural analysis and cost-effectiveness [2], [3].
Upon interaction with EM signal, 1D PhC exhibits a unique
property known as photonic band gap (PBG), which indicates
a particular range of wavelength is forbidden to propagate
in the structure [4], [5]. Upon insertion of a defect in the
layered structure, photons are localized within the PBG, which
leads to the formation of resonant mode/defect mode [6].
The width of PBG and position of defect mode are greatly
influenced by various structural parameters such as nature
of materials, permittivity of materials, thickness of different
layers, and angle of incidence of light. The PBG and defect
mode characteristics can be manipulated to regulate the trans-
mittance, reflection and absorption spectrum of the 1D PhC
structures, which leads to the realization of a wide variety
of applications like high performance filters, optical splitters,
biosensors, photovoltaic cells, solar cells, optical switches,
loss-less photonic waveguides [7]-[10].

Among the aforementioned noteworthy applications,
biosensing application is currently in high demand in the
research community. Most of the photonic biosensors are
analyzed by observing the spectral shift of the resonant mode
with respect to the variation in the refractive index (RI)
of bio-analytes. The tunability in the position and intensity
of the defect mode is basically due to the dependency of
RI of the constituted materials and defect layer on the
external parameters such as applied voltage, electric field,
magnetic field, temperature, and pressure etc. [11]-[13].
A Tamm-Fano resonance-based 1D PhC biosensor is reported
by Z.A. Zaky et al., where the authors obtained an ultrahigh
sensitivity of 3 x 10* nm/RIU [14]. A. Mehaney et al.,
investigated the transmittance characteristics of a defected 1D
PhC to monitor different concentrations of hydrogen peroxide
and glucose in blood [15]. A simple yet effective photonic
biosensor is theoretically assayed for early stage detection of
tuberculosis diseases with a sensitivity of 1390 nm/RIU [16].
AH. Aly et al studied a 1D PhC sensor through a
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detailed analysis of transmission characteristics, where the
authors analyzed the transmission spectra of 1D PhC by
using TMM approach to detect various concentrations of
creatinine in blood [12]. A hybrid defective one-dimensional
PhC is reported by A.H. Aly and his team for sensing
different concentrations of sugar present in blood [10].
The authors employed TMM for optimization of various
structural parameters and attained a maximum sensitivity
of 1100 nm/RIU. A new metal-based 1D PhC configuration is
demonstrated for realization of gas sensing application [17].
In this reference, the authors explored the significance of
metal layer for the generation of plasmon resonance within
the photonic band gap, and they obtained a high sensitivity of
1.9 x 10° z7p and low a detection limit of 1.4 x 1077RIU.
In the last few years, 1D PhC structures are widely researched
for effective detection of various biological molecules,
blood cells, enzymes, bacteria, drugs, different cancer
cells [18]-[23]. Therefore, 1D PhC based biosensors are
going to rule the future biomedical industries.

Over the years, researchers have successfully designed
and tested PhC based biosensors with a variety of materials
like semiconductors, polymers, metamaterials, superconduc-
tors, plasmas, graphene, TMDC group materials [24]-[26].
However, these sensors are underperformed in case of mul-
tiple biomolecules detection. On the other hand, relatively
new class of sensors like reconfigurable sensors [28] and
multimode sensors [27] are the best options for detection of
multiple biomolecules, where the sensitivity can be adjusted
from minimum to maximum. Moreover, different biosens-
ing applications have been reported earlier by employing
GST-based reconfigurable phase change material [49]-[51].

Inspired by the above-mentioned notable works, in this
article, we are encouraged to design and analyse phase change
material (PCM) based reconfigurable 1D PhC sensor for
monitoring of the progesterone and estradiol concentrations
in women. The nanophotonic platform integrated with PCM
has numerous merits compared to other functional materials,
owing to its reliable and repeatable switching ability through
electrically or optically [29]-[31]. Ge,SbyTes (GST) is one
of such PCM, which is highly scalable, stable, non-volatile,
and smoothly integrated with other optoelectronic devices.
The most attractive property of GST is that its optical func-
tionalities can be significantly altered by switching the phase
from amorphous to crystalline [32], [33]. Additionally, both
of these phases are stable at ambient temperature and can
be reversibly switched at sub nanosecond time scale. Apart
from this, GST exhibits good stability in any intermediate
state between amorphous and crystalline phase by effectively
governing the time of external stimulus, which leads to realiza-
tion of metasurfaces based tunable nanophotonic devices [34].
By precisely manipulating the intermediate phase of GST,
the multimodal nature of GST can be explored to envis-
age various applications such as photonic switches, sensors,
modulators etc [35]. These attractive features of GST offers
a high degree of freedom with improved performance com-
pared to the mechanically adjusted optical devices and liquid
crystals.

In this article, for the first time, we propose a novel GST
based reconfigurable 1D PhC sensor for identification of repro-
ductive hormones in the women blood samples. This research
has couple of newness compared to earlier published works.
A detailed performance analysis is carried out by considering
GST material along the two sides of the defect layer, which is
the prime novelty of the present work. Besides this, the most
important women reproductive hormones like progesterone
and estradiol are taken as bioanalytes, which further enhances
the novelty of this work. As GST shows a high refractive index
contrast between its amorphous and crystalline phases, so this
material can be a good candidate to envisage tunable biosensor.
A detailed assay of transmission characteristics is performed
by changing different geometrical parameters like thickness of
defect layer and incident angle. The mainstay of the present
research is to assay the shift in the position (wavelength) of
the defect mode with respect to different progesterone and
estradiol concentrations. Moreover, the proposed sensor shows
superior defect mode wavelength tunability by altering the
phase of GST from amorphous to crystalline, which leads
to high sensing performances compared to the previously
published research works.

[I. SENSOR DESIGN AND NUMERICAL ANALYSIS

The schematic diagram of the proposed 1D PhC sensor is
represented in figure 1. It is essential to highlight that the
sensor is designed with two binary PhCs such as PhCI1 and
PhC2, consisting of an alternate arrangements of identical
materials of Na3AlFg (cryolite) and CeO> (cerium oxide).
A defect layer (air medium), whose two sides are coated with
phase change chalcogenide material of GST, is sandwiched
between the PhC1 and PhC2 such that the sensor configu-
ration is in the form (AB)NGDG(AB)N. The letters A, B, G,
D indicate Na3zAlFs, CeO2, GST and defect layer respectively.
The alphabet N signifies the period, which is taken as N = 5 in
the present work. The entire structure is placed between the
air medium. The thickness of different layers are carefully
optimized in order to achieve maximum band gap and high
sensing performances. We have considered the thickness of
Na3zAlFe, CeO,, GST and defect layer as da = 355 nm,
dp = 270 nm, dg = 78 nm and dp = 420 nm respectively.
The refractive index of NazAlFg and CeO, are considered
as ng = 1.34 and np = 2.4. Blood sample is infiltrated
in the central defect layer for measuring hormones. We have
considered that a plane wave strikes on the suggested structure
at an angle of 6;, with reference to z-axis.

We assayed the sensing performances for both crystalline
and amorphous phases of the GST material, where the refrac-
tive indices were experimentally evaluated using spectroscopic
ellipsometry (J. A. Woollam Co., Inc, V-VASE). The exper-
imentally calculated and fitted RI value of GST is shown in
Fig. 2 (a).

For an experimental investigation of GST index values for
both the phases, 20 nm GST thin film is coated on the silicon
substrate and its n, k values are extracted from ellipsometry
followed Tauc-Lorentz model. Since we need to demonstrate
the tunability, the phase of GST should be switched from
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Fig. 1. The schematic design of the 1D PhC sensor with configuration
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Fig. 2. Experimentally calculated (a) Complex refractive indices of aGST
and cGST (b) Refractive index difference between aGST and cGST.

amorphous phase to crystalline phase, which is possible by
different methods such as heating the sample at 160°C for
60 min, laser induced heating at nanosecond time scales,
optical pumping, electric current [36], [37]. This phase change
can be achieved in a very small time duration (less than 30 ns)
with high stability. Here, the authors want to assure that phase
change is possible by applying thermal stimuli only across the
GST material for a very small time span of less than 30 ns,
which will not affect the optical properties of other dielectric
materials and analytes in the structure. The crystalline GST
was fitted using a Tauc-Lorentz oscillator model. There is
a significant variation in both n and k values by switching
from amorphous phase (aGST) to crystalline phase (cGST).
Fig. 2 (b) shows the refractive index difference between aGST
and cGST. From this figure, we have noted maximum changes
in complex refractive index (An & Ak) in the near-infrared
(NIR) wavelengths, therefore it can be used as a tunable optical
material in the photonic crystal sensor to tune the refractive
index sensitivity.

In the proposed PhC biosensor, the blood samples to be
sensed are considered for women’s reproductive hormones
namely progesterone and estradiol. Progesterone is a steroid
hormone that is highly significant in the detection and mainte-
nance of pregnancy in women. They perform a dominant role
in the reproductive process of females as ovulation and preg-
nancy [38]. This hormone develops the uterus for embedding
of fertilized ovum and allows the mammary glands glandular
elements to grow in secretory epithelium with effect of action
along with other hormones as prolactin to assist in production
of milk [39]. Further, at late pregnancy, progesterone is entirely
yielded by the placenta, which is highly responsible for the
development of fetus [40]. Estradiol also plays a prominent
role in pregnancy [41]. It is the most abundant and strongest
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Fig. 3. Experimentally calculated Rl values for different (a) progesterone
and (b) estradiol hormones concentration level.

form of estradiol which provokes maturation and release of
the egg from the ovary which is generated by the corpus
luteum. The estradiol assists and supports in thickening the
lining of the uterus which permits the fertilized egg to get
embedded [42], [43].

Experimentally determined RI of progesterone and estradiol
hormone concentration level is used in the theoretical analysis.
The RI of progesterone and estradiol hormone concentration
level in blood sample is measured by pocket refractometer
(Atago PAL-RI) as shown in Fig.3.

TMM is the best suited technique to describe the character-
istics of the EM waves while propagating between different
layers of the proposed multilayer structure. In this technique,
each layer is represented in matrix form, which is a function
of layer refractive index and thickness. The overall transfer
matrix is computed by multiplying the individual matrix of
each layer. For the layers A, B, G and D, the transfer matrix

can be written as [44],
(-5:)
—— )sin
o) 1)

cospi

My = coSpi

—i@ksinpk
where, k denotes various layers A, B, G and D. py is defined
as [44],

2
Pk = Tdknkcosek (2)
Here, di, n; and 6 signify the thickness, refractive index
and angle of incidence of the k' layer respectively. Further,
A denotes the free space wavelength. In equation (1), @i is

defined as ¢y = zonkcosk for TE mode and ¢ = —CZ‘;;ik for

TM mode, where zq signifies the free space impedance. The
transfer matrix of the complete structure is defined as [45],

My My
M =
[le M221|
= (MaMp)¥ MM pMg (MaMp)N 3)

Here, Mo, Mp, M; and Mp symbolize the respective
transfer matrix of Na3AlF¢ CeO;, GeaSbyTes and defect layer.
From equation (3), the transmittance coefficient can be speci-
fied as [46],

2
f= 70 )
(M1 + Miayy) yo + (Ma1 + Mayy)
where, yo and p, signify the incidenting and transmitting
medium of the proposed structure. In case of TE wave, yo and

7y can be defined as, yo = zonocost;, and yy = zgnycost,.
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Fig. 4. Transmission spectrum of the proposed sensor for different  Fig. 5. Transmission spectrum of the proposed sensor for different

progesterone concentration (a) aGST (b) cGST phase at dp = 420 nm.

Finally, transmittance (T) of the entire structure can be
computes as [46],
Yy
Yo

The effectiveness of the sensor can be perfectly judged by
computing different performance measuring parameters like
figure of merit (FOM), sensitivity, and detection limit (DL).
Sensitivity can be computed by dividing the change in defect
mode wavelength by the corresponding change in the refractive
index of bio-analyte, which can be stated as [47],

A/IVES
An (6)
FOM is defined as the ability to detect the minimum
change in the defect mode resonance wavelength, which can
be expressed as [48],

T = ‘ﬂ‘ (5)

S (nm/RIU) =

@)

where, AAI/ signifies the spectral half-width of the transmis-

sion dip. DL is the sensor ability to detect very small refractive
index contrast of the analyte, which is given as [48],

R
DL = —
S

where, R is the resolution of the sensor.

®)

[1l. RESULTS AND ANALYSIS

By considering the geometrical parameters as described in
section 2, we examined the transmittance characteristics of the
suggested 1D PhC by using TMM. Additionally, the effects of
variation in thickness of the defect layer and incident angle on
the transmittance spectrum are thoroughly examined for both
aGST and cGST phase conditions.

Fig. 4 and fig. 5 depict the transmittance spectrum of
the suggested 1D PhC sensor by infiltrating the defect
medium with different concentrations of progesterone and
estradiol hormones respectively. The characteristics of the
resonant mode is thoroughly investigated for both aGST and
c¢GST phase. Here, an interesting variation in the position
(wavelength) of the defect mode is noticed in case of two
phase conditions. The defect modes are observed in the visible
wavelength range for aGST and when the phase is switched
to cGST, the defect modes are perceived at NIR wavelength

estradiol concentration (a) aGST (b) cGST phase at dp = 420 nm.

732 808
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€ 730 E 808
= £
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- (]
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o 800

10 20 30 10
Progesteron concentration (n mol/L)

0 20 30
Progesteron concentration (n mol/L)

Fig. 6. Variation in wavelength of the resonant mode with respect to
different progesterone concentrations.

range. The aforementioned findings are supported only at
the optimized values of structure parameters. Further, it is
declared that wavelength of the defect mode is red-shifted for
higher concentrations of progesterone and estradiol hormones.
Also, it is seen that intensity of defect mode is decreased
as we increase the analyte concentration in the defect layer.
As we perceived a significant tunability in wavelength and
intensity of the resonant mode, by changing the phase of
the GST material from amorphous phase to crystalline phase,
the proposed sensor can be a suitable choice for refractive
index based sensing applications.

The primary reason behind the shift in the wavelength of the
defect mode is the modification in the effective refractive index
of the defect layer with respect to different concentrations
of progesterone and estradiol, which changes the transfer
matrix of the entire structure. Also, this variation can be well
understood by the standing wave condition [45], which is
stated as A = mA = n.rrG, where, A and G are the optical
path difference and geometrical path difference respectively.
neryr is the effective refractive index and m is an integer.

Fig. 6 and fig. 7 display the variation in resonance wave-
length (4,.5) of the defect mode as we infiltrated the defect
layer with different concentrations of progesterone and estra-
diol respectively. In particular, for aGST, we perceived that
defect mode resonance wavelength shifts from 725.6nm to
726.9nm to 728.1nm to 729.4nm to 731.3nm for change in
the concentration of progesterone from Onmol/L to Inmol/L
to3nmol/L to 10nmol/L to 30nmol/L. Similarly, for cGST,
we noticed that defect mode resonance wavelength shifts from
800.4nm to 801.9nm to 803.2nm to 804.2nm to 806.4nm for
change in the concentration of progesterone from Onmol/L to
Inmol/L to 3nmol/L to 10nmol/L to 30nmol/L. So, by switch-
ing the phase from aGST to c¢GST, we obtained a notable
resonance wavelength tunability i.e. 74.8 nm and 75.1 nm
at Onmol/L and 30nmol/L respectively. The aforementioned
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variations in defect mode wavelength (Agefecr) With respect to
the concentration of progesterone is found to be linearly fitted
with the following equations:

Adefect = 0.1627 x C +726.81 : aGST
Adefect = 0.1667 x C + 801.75 : cGST

Similarly, in case of infiltration with estradiol concentrations
(fig. 7), for the aGST phase, the defect mode wavelength shifts
from 724.0nm to 725.8nm to 730.1nm to 731.4nm for change
in the estradiol concentration from Onmol/L to 0.Inmol/L
to Inmol/L to 3nmol/L. Similarly, for the case of cGST,
we observed that the defect mode wavelength shifts from
798.5nm to 799.8nm to 805.0nm to 806.3nm for change in the
estradiol concentration from Onmol/L to 0.1nmol/L to Inmol/L
to 3nmol/L. The obtained wavelength tunability from aGST to
¢GST is 74.5 nm and 74.9 nm for 0.1 nmol/L and 3 nmol/L
respectively. The aforesaid linear shift in defect mode wave-
length (Zgefect) is fitted with the following equations:

Adefect = 2.203 x C 4 725.57 : aGST
Adefect = 2.4176 x C +799.92 : ¢cGST

After the computation of the wavelength associated with
defect mode (fig. 6 and fig. 7), we evaluated the shift in
the defect mode wavelength for different concentrations of
progesterone and estradiol, with reference to the 0 nmol/L,
for both phases of the GST layer, which is shown in fig. 8.
From this figure, it is declared that for both aGST and cGST
wavelength shift increases with increase in analyte concen-
trations. For progesterone hormone, we noticed a highest
wavelength shift of 5.7 nm and 6.0 nm for aGST and cGST
respectively, whereas for estradiol hormone, we observed a
highest wavelength shift of 7.4 nm and 7.8 nm for aGST and
cGST respectively.

Next, we studied the change in the position of the defect
mode by varying the defect layer thickness. Figure 9 and
figure 10 demonstrate the shifting nature of the defect mode
wavelength with respect to different thickness of the defect

|
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Fig. 9. Shift in defect mode position w.r.t. defect layer thickness for
progesterone solution (a) aGST (b) cGST.
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Fig. 10.  Shift in defect mode position w.r.t. defect layer thickness for

estradiol solution (a) aGST (b) cGST.

layer (dp) in case of infiltration of blood sample with proges-
terone and estradiol hormones respectively. We studied the
transmittance spectrum under four different thickness values
of the defect layer i.e. 420nm, 440nm, 460nm and 480nm.
The reason for selecting these thickness values is that perfect
defect mode characteristics are obtained only at these values of
dp. It is seen that wavelength of the defect mode is red-shifted
with increase in dp. The reason behind such nature of shifting
is increment in the geometrical path difference with increase
in dp. Also, this type of shifting behaviour is experimentally
verified by Chu er al. [37]. Besides this, it can be noticed that
power of the defect mode with rise in dp.

We investigated the absorption spectrum of the sensor at
dp = 420 nm and 6;, = 0°, for both aGST and c¢GST
phase, which is represented in fig. 11. From the absorption
spectrum it is noticed that the defect mode is formed exactly
at the same wavelength as that of the transmission spectrum
(fig. 4 and 5). However, the absorption intensity, which is
marked within the figure, is very less. Most importantly, it is
observed that the absorption intensity increases from 0.0277 to
0.0381 for progesterone hormone and 0.0266 to 0.0372 for
estradiol hormone, by switching the phase from aGST to
c¢GST. From the aforementioned findings, we concluded that
the proposed sensor in ¢cGST phase suffers higher absorption
loss compared to aGST phase.

Fig. 12: Sensitivity of the proposed sensor in (a) aGST and
(b) ¢GST for progesterone concentrations at 8;, = 0° Fig. 12
and fig. 13 delineate the variation in sensitivity (nm/nmol/L)
of the proposed sensor with respect to different thickness
of the defect layer (dp), when the defect layer is infiltrated
with progesterone and estradiol hormones respectively. It is
worth noticing that sensitivity increases with increase in
dp. This rise in the sensitivity is due to the increment in
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geometrical path difference as dp increases. For the case of
progesterone analyte, maximum sensitivity of 1.4 nm/nmol/L
and 1.75 nm/nmol/L are obtained for amorphous phase and
crystalline phase of the GST material respectively at dp =
480 nm. On the other hand, the case of estradiol analyte,
optimum sensitivity of 18.4 nm/nmol/L and 20.5 nm/nmol/L
are obtained at dp = 480 nm for amorphous phase and
crystalline phase of the GST material respectively. Therefore,
it is clearly understood that there is a considerable enhance-
ment in sensitivity by switching the phase from amorphous
to crystalline. In specific, we have obtained better tunability
with one time maximize in sensitivity by switching from
aGST to cGST. Apart from this, we numerically calculated
the sensitivity in terms of nm/RIU, by computing the shift
in defect mode wavelength with respect to the change in
refractive index of different analyte concentrations. We found
that for progesterone hormone, maximum refractive index
sensitivity increases from 14000 nm/RIU to 16000 nm/RIU as
we switch the phase from aGST to cGST, whereas for estradiol
hormone maximum refractive index sensitivity increases from
3333.3 nm/RIU to 3799.1 nm/RIU as we switch the phase
from aGST to c¢GST.

Afterwards, we investigated the effect of change in inci-
dent angle on the transmittance characteristics. Fig. 14 and
fig. 15 show the colormap plot of transmittance spectrum with
respect to incident angle and wavelength for different con-
centrations of progesterone and estradiol respectively. It can
clearly noticed that with an increase in the angle of incidence,
the wavelength associated with the defect mode shifts towards
lower wavelength. Specifically, in case of amorphous phase,

40
40

20
20

Incudent angle (deg)
Incudent angle (deg)

o o
g = &
Wavelength (nm)

[=] o
o 8 o
N~ © (&)

Wavelength (nm)

Fig. 14. Colormap plot of transmittance with respect to wavelength and
incident angle for 30 nmol/L concentrations of progesterone at dp =

480nm (a) aGST (b) cGST.
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Fig. 15. Colormap plot of transmittance with respect to wavelength and
incident angle for 3 nmol/L concentrations of estradiol at dp = 480nm
(a) aGST (b) cGST.

there is relatively more shift in defect mode wavelength as
compared to the crystalline phase. The above mentioned nature
of variation can be well explained by the Bragg Snell’s

law [46], which is given as, mA = 2d,/n§ff — sin%0, where

m, d and 6 denote the constructive diffraction order, period of
the proposed structure and incident angle respectively.
Eventually, we evaluated the performance measuring para-
meters of the senor like FOM and DL at dp = 480 nm for
both progesterone and estradiol concentrations which are state
in table I and table II respectively. The proposed progesterone
sensor and estradiol sensor delivers FOM in the order of 10*
and 103 respectively, whereas the respective sensors bestows
DL in the order of 107 and 10~ respectively. Nevertheless,
sensitivity is higher for crystalline phase (fig. 12 and 13), but
FOM and DL is higher for amorphous phase. The primary
reason behind this is the inverse dependency of FOM and
DL on the A/II/ (Eq. 7-8). As we observed a higher AAI/

2 2
for crystalline phase (fig. 4 and 5), so FOM and DL are lower
in this case.
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TABLE |
FOM AND DL FOR PROGESTERONE SENSOR AT dp = 480NM

Progesterone Amorphous phase Crystalline
concentration phase
(nmol/L) FOM DL FOM DL
(1/RIU) | (RIU) (1/RIU) | (RIU)
x10* x1073 x10* X
10°°
1 3.500 1.37 1.333 4.84
3 3.178 1.18 1.115 4.88
10 2.660 1.36 0.976 5.18
30 2.496 1.30 0.896 5.10
TABLE Il

FOM AND DL FOR ESTRADIOL SENSOR AT dp = 480nm

Estradiol Amorphous phase Crystalline
concentration phase
(nmol/L) FOM DL FOM DL
(1/RIU) | (RIU) (1/RIU) | (RIVU)
x103 x107* x103 X
107*
0.1 7.59 4.12 2.15 6.22
1 6.18 4.47 2.22 6.04
3 6.13 4.66 2.29 591
TABLE IlI
COMPARATIVE ANALYSIS OF OPTIMUM SENSOR PERFORMANCES
Sensing Sensitivity | FOM DL (RIU) Refer
analyte (nm/RIU) | (1/RIV) ence
Waterborne | 387.5 117424 | 244 x107* | [7]
bacteria
Alcohol 873 290 | - [19]
sensor
Soybean 277.7 1322 0.10 x 1073 | [21]
biodiesel
Biomedical | 6770 398 45x 1073 | [22]
fluids
Hemoglobin | 167 0.63 | ----m- [48]
sensor
Sucrose 101635 | —--memm- 2.28 x 107* | [47]
Women 16000 1.33 4.84 x 1075 | This
reproductive x 10* work
hormones

Finally, the major performance of the proposed 1D sensor is
compared with recently published similar types of works and
the comparative analysis is represented in table III. As, stated
in this table, the proposed senor delivers maximum sensitivity,
FOM and DL, which proves the significance of this work in
the research domain of biosensors and biophotonics.

IV. CONCLUSION

We theoretically examined the transmittance spectrum
of the proposed multilayer structure having configuration

(Na3AlFg /CCOQ)N/GCQszTes/DefeCt/GeszzTCS/ (NaszAlF¢/
Ce0; )N for sensing the bio-analytes like progesterone and
estradiol. Geometrical parameters like thickness of dielectric
layers, thickness of defect layer, incident angle, and num-
ber of period are properly optimized to attain high sensing
performances. We investigated the sensing characteristics by
switching the phase of the GST material from crystalline
to amorphous phase. At the optimized structure parameters,
we perceived that, within the PBG, the defect modes are
formed in the visible wavelength range for amorphous phase,
whereas, the defect modes are perceived at NIR wavelength
range for the crystalline phase. This significant wavelength
tunability between aGST and c¢GST, leads to high sensitivity,
FOM and DL. Further, we noticed that optimum sensing
performance is obtained at normal incidence of the EM wave
with a defect layer thickness of 480 nm. Specifically, for the
case of progesterone analyte, maximum sensitivity increases
from 1.4 nm/nmol/L to 1.75 nm/nmol/L, and for estradiol ana-
lyte, the optimum sensitivity increases from 18.4 nm/nmol/L
to 20.5 nm/nmol/L, by switching the phase from aGST to
c¢GST. A comparative analysis of sensor performance is carried
out to prove the superiority of the proposed sensor. Lastly,
by realising the importance of accurate detection of proges-
terone and estradiol hormones in women, the simple structure,
easy analysis and available fabrication techniques make the
proposed sensor worth fabricating.
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