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Abstract: In this paper, we have presented a novel plasmonic Refractive Index (RI) sensing
scheme based on a rewritable optical disc structure with customized dimer-like nanopatterns. We
have performed the finite-difference time-domain (FDTD) simulation for this work to exhibit
the optical resonant response and sensing performance of our proposed sensing platform. We
have also investigated how the changes in the different structural parameters affect the resonant
wavelength. The high refractive index sensitivity of 768nm/RIU allowed our sensing system
to achieve a resolution limit for blood Hemoglobin(Hb) detection superior to most Hb sensors
previously reported. The use of the built-in grating structure of the optical disc, the ability to
create customized patterns, and the high resolution achieved in blood Hb detection suggest the
potential of our proposed RI sensor as a cost-efficient, reliable sensing technology for medical
applications.

© 2022 Optica Publishing Group under the terms of the Optica Open Access Publishing Agreement

1. Introduction

The utilization of optical sensing structures as biosensors has extensively grown over the recent
years due to their expeditious response to the refractive index changes of the medium and
super-accurate molecular detection capability. The high sensitivity and label-free sensing of these
optical sensors along with electromagnetic interference immunity, and advancements in their
on-chip fabrications [1] have escalated their uses in biomolecule detection [2,3], chemical and gas
sensing [4], temperature measurement [5], electric field detection [6], environmental monitoring
[7] and even in warfare [8]. Now, over these years numerous technological approaches, including
photonic crystal [9], ring resonator [10], surface plasmon resonance(SPR) based structure [11],
interferometer [12], and evanescent field optical waveguides [13], have been adopted for the
realization of optical sensors. Among these mechanisms, SPR-based optical sensing has drawn
interest to a greater extent lately from the researchers as an emerging powerful molecular sensing
scheme.

Surface plasmon is referred to as electromagnetic waves coupled to charge density oscillations
at a metal-dielectric interface resulting in the disappearance of the reflected light under certain
conditions causing the phenomenon called resonance. The high sensitivity of the resonance
characteristics to the environmental refractive index is exploited in SPR based sensing systems
[14]. Besides high sensitivity, provision of multiplexing [15], miniaturization [16], integration
with CMOS platforms [17], and remote sensing [ 18] makes SPR sensing a great alternative to
traditional sensing platforms. These advantages make SPR based sensors suitable for applications
like bio and chemical sensing [19,20], food and environmental safety [21], imaging [22], drug
production [23], and material characterization [24].
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Several methods, notably prism and grating coupled and localized SPR, are used for SPR
excitation based sensing schemes [25-27]. However, these approaches despite their faster
response and high sensitivities, suffer from fabrication complexities and excessive costing
problems which make these methodologies incompatible to be manufactured in developing
and underdeveloped countries. For instance, the prism-coupled SPR sensors [19,28,29], are
unsuitable for miniaturized out-of laboratory applications due to the use of bulky prisms and
troublesome angle-control setup [30,31]. Although having emerged as a suitable alternative for
compact on-chip sensor applications, grating coupled systems require expensive and complex
fabrication processes, for instance, electron-beam lithography [32], nanoimprint [33], interference
lithography [34], and photolithography [35]. The invariably high cost and complexity of these
fabrication processes somewhat limit the commercialization of SPR based sensing systems.
Localized SPR based sensors have gained popularity due to their ability to detect small changes
in the surrounding environment [36,37]. However, they too suffer from the same drawback
involving sophisticated fabrication requirements [38]. Using these sensor structures may not
be acceptable in significant medical applications like hemoglobin concentration measurement
in blood or glucose concentration measurement in urine, as the high manufacturing cost and
complicated fabrication steps prevent their use commercially on a large scale.

However, a readily available grating surface in the form of a commercial optical disc has
recently drawn the attention of researchers as a medium to generate grating-coupled SPR. Using
the already in-built grating structures inside these inexpensive discs can eliminate performing all
the challenging and sensitive nano-scale patterning tasks required to fabricate the gratings in
the previously mentioned grating-coupled sensors. Therefore, the off-the-shelf disc grating is
considered a cheap yet efficient alternative as a sensor platform to laboratory fabricated ones.
Over the years, Recordable Compact Disc (CD-R) and Digital Versatile Disc (DVD-R) structures
have been used in previous literature for sensing applications [39-42]. However, all of these
have required some chemical processing to separate the metal grating from other layers. The
presence of phase change material (PCM) in DVD Random Access Memory (DVD-RAM)
[43] provides additional flexibility to the design, unlike DVD-R, where both the structural and
chemical compositions cannot be readily altered. Also, to the best of our knowledge, no sensing
system utilizing the commercial DVD-RAM structure has yet been reported.

So, in this article, we have investigated both theoretically and numerically our own designed
optical RI sensor based on the DVD-RAM grating structure. The conventional optical switching
method used to store and erase data inside a rewritable optical disc allows the patterning of
nano-scaled features on the phase change recordable layer of the DVD-RAM in our proposed
system. This suggested novel nano-patterning technique can make our fabrication methodology
much cheaper than the ones commonly practiced. Our recommended gold dimer patterns
increased the bulk refractive index sensitivity through electric field enhancement and provided
additional flexibility to our design. The proposed sensor achieved a sensitivity of 768nm/RIU,
which is higher than most optical disc-based biosensing systems developed to date. Moreover, we
numerically demonstrated its performance as a Hemoglobin concentration level detector, and our
design has outperformed the state-of-the-art Hemoglobin concentration measurement techniques
in terms of resolution. Considering the possible cost-effectiveness along with the faster and more
accurate sensing performance, this study promises its capability as a sensor to be used as an
economical and reliable rapid biomolecular (i.e., Hemoglobin, glucose) testing kit for medical
applications.

2. Structure layout

Our proposed sensor structure involves an effective modification in the Ge,Sb,Tes (GST)
recording layer of the commercially available rewritable disc, i.e., DVD-RAM. This optical
disc comprising the top labeled polycarbonate layer, the reflective metal (Aluminum) layer,
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and the recording GST layer can provide a cheap grating surface with a grating period (P)
of 740 nm. Also, its phase-change recording layer enables scopes for customizations which
makes it different from the non-rewritable optical discs, i.e., CD-R, DVD-R and so on. This
customization process involves photo-thermal phase-switching that converts the crystalline GST
into the amorphous one to obtain our desired pattern. The designed sensing platform as illustrated
in Fig. 1, involves a periodic array of dimer-shaped gold patterns deposited in the GST layer.
The main objective behind this modification is to intensify the field coupling associated with
the gold-GST interface. However, this dimer pattern also offers several adjustable geometric
parameters such as gold-dimer length (L), and gold height (H). In section 5, we have rigorously
investigated the effects of changes in these parameters on the sensor performance. Hands-on
fabrication of the designed sensor is beyond the scope of our work. However, in section 6, we
have illustrated our detailed design proposal where each and every step has been mentioned
clearly to get to our final sensor design.

Grating

Dimer-space, d

]‘ GST
+ Metal Layer

Adhesive
| Layer

Fig. 1. 3D schematic view of our proposed sensing structure.

We simulated the final three-dimensional (3D) structure utilizing the 3D finite-difference
time-domain (FDTD) method for numerical analysis. The unit cell consists of one dimer structure
and one period of the grating surface. A x-Plane transverse magnetic (TM) polarized wave is
introduced into the cell from the above (in the negative z direction) and a monitor is placed above
the source to measure the reflected wave from the dimer. The simulation is periodic in the x
and y directions. In order to minimize the memory requirement, we have used anti-symmetric
boundary conditions in both x-min and x-max boundaries and symmetric boundary conditions in
the y-min and y-max boundaries. A perfectly matched layer (PML) is used in the z-direction.
The minimum mesh size is 0.25nm, which is much smaller than the minimum dimension of the
structure. We investigated the reflection spectra of this RI sensing model, along with the bulk
refractive index (RI) sensitivity of this structure in the results section.

3. Theoretical analysis

The surface plasmon resonance condition involves a coherent fluctuation of free electron charges
on the metal boundary. The dispersion relationship relating the frequency and the wave vector of
such longitudinal oscillation is given by

_w Em(w)ng
kp = c Vem(a)) +n2 (1)

where, w is the angular frequency of oscillation, c is the speed of light in free space, €,(w) is
the gold dielectric function, which can be further split into real (¢,,) and imaginary (e,,;) parts.
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Here, n, is the refractive index of the analyte. The frequency dependency of the complex metal
dielectric function can be formulated by the well-known free electron or Drude model:

2
&m(w) = €nr(w) + iemi(w) =1 - 2—P )
w* —iwly
where, Qp and Iy are the plasma frequency and damping constant of the metal layer respectively.
For gold, Qp = 1.323 x 10'® rad/s and Ty = 1.26 x 10'* rad/s [44].

For stable longitudinal electronic oscillation, wave vector matching of the incident light wave
and surface plasmon polariton is required. Since the momentum of incident light in air (kg = w/c)
is lower than that given by Eq. (1), SPR cannot be excited at a planar dielectric-metal interface.
A diffraction grating in optical discs can increase the momentum of an incident optical wave
allowing the wave vector matching condition of SPR generation to be fulfilled. The wave vector

of this diffracted beam:
m2rnc

kg = ngsin0 +

3

w

where, m = 0, +1, +2, . .. is the diffraction order, ¢ = 3 X 108 m/s is the light velocity, and 8 is
the angle of incidence of the light beam with respect to the grating surface normal (z-axis) and
P = 740nm as illustrated in Fig. 1. The SPR condition for the m™ order diffracted beam is given
by

’”2’: = Refky} )

Ngsin +

where, wg is the angular frequency under SPR condition.
For metals like gold exhibiting a high |€,,,/€,;| ratio, the real part of the SPR propagation
constant (ksp) in Eq. (1) may be approximated by [45]

2
Re{ky} ~ %, / % (5)

Combining Egs. (2)—(5), we have the formulation of the SPR condition for the m™ order diffracted
beam of a normally incident light (6 = 0°):

nﬁwﬁPz + [(I% - Q%,)Pznﬁ - 47r2c2m2(n§ + 1)]“)12€ - 47r2c2m2(F§ - Q%, + nﬁfé) =0. (6)

This equation relates the resonant wavelength (1) and the analyte refractive index for a fixed
value of P (=740nm) and m. The solution of Eq. (6) in the near IR region with n,=1.3 and using
the relation Ag = 2mc/wg gives Ag = 980.22nm for the 1% order diffracted beam (m = 1) of the
incident optical wave.

The presence of gold dimer nanoparticles will induce a Localized Surface Plasmon Resonance
(LSPR) mode in the spectrum as well. LSPR wavelength can be obtained under the cylindrical
dimer approximation using the same methodology as in Ref. [46]. Using values of 170nm,
400nm, and 30nm for the height, diameter, and inter-particle spacing of the cylindrical dimers on
these equations yields a value for LSPR wavelength of A;=917.41nm.

The particle size and spacing on the surface are expected to have an exponential effect on
the LSPR wavelength according to the well-known plasmon ruler equation given by Ady /Ay =
kexp(—d/L) [46]. The preexponential factor (k) is generally found using curve fitting techniques.
This exponential relationship may be approximated to a linear one since d<<L as illustrated in
Fig. 1. Using the Taylor series expansion on this exponential relation, we have

Ay d
A k1= 20). 7
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4. Results and discussions
4.1. Reflection spectrum and field profile

Simulating our structure yields a dip in the near-infrared (NIR) region of the reflection spectrum
which we can see from Fig. 2. The position of this dip is at a wavelength of approximately 98 1nm,
which exactly supports the theoretical prediction. The position of the LSPR mode predicted in
Section 3, has a slight discrepancy with this dip position due to the cylindrical approximation
for the dimer. A closed-form solution for the elliptical hemisphere, which is the exact shape of
the dimer, is difficult to obtain using existing theory. A numerical analysis is more suited for
such complex structures and is beyond the scope of this work. However, from previous literature,
we can intuitively expect the LSPR wavelength to increase as we move from a spherical shape
to an elliptical one [47]. This spectrum also presents a Fano resonance-like asymmetric line
shape which arises from the coupling between the SPR and LSPR modes arising from the grating
structure and the dimer-shaped gold nano-particles respectively [48]. The dark LSPR mode
couples with the bright SPR modes through near-field interactions [49].
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Fig. 2. Reflection spectrum of the proposed DVD-RAM based biosensor structure for
standard laser writing dimension of 320nm(W)*400nm(L), depth, D=170nm, and dimer
spacing, d=30nm. The normally incident TM polarized light source is used for this simulation
and the resonance occurs at wavelength of approximately 981 nm.

It becomes evident visually from the XY cross-section electric field profile shown in Fig. 3(a)
where a major field confinement is found in the grating slope region. The role of the gold
dimer can also be explained from this profile from Fig. 3(a), where we can clearly see an
enhanced field distribution around the dimer-surface resulting from field excitation due to surface
plasmon-photon coupling in gold. XZ and YZ cross-section profiles in Fig. 3(b) and (c) also
support this event of field enhancement due to GCSP resonance.

4.2. Device performance

The performance of optical sensing platforms is generally evaluated in terms of the shift in
resonant wavelength (AAr) with changes in the dielectric refractive index (RI) of the surrounding
environment (An). This is connected to sensitivity defined as S = AAg/An. In Fig. 4, the
resonance dip experiences a redshift from 981.2nm to 1058nm as the bulk refractive index is
varied from 1.3 to 1.4. A linear fit to the SPR wavelength shift with changes in RI, as shown
in the inset of Fig. 4, translates to a sensitivity of 768nm per RIU. Table 1 compares the RI
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Fig. 3. Normalized electric field profile in the proposed structure with the same configura-
tions as used for Fig. 2. (a) XY cross-section profile presenting the grating-coupled surface
plasmon excitation along both sides of the recording track. Also, light-metal coupling in
the gold dimer region can be clearly observed in the track.(b) XZ cross-section and (c) YZ
cross-section profile both also show the enhanced field characterizations.

sensing performance of our proposed device with other previously reported grating-based sensing
platforms including, several structures based on optical discs. The table illustrates a comparable
sensing capability of our device to other discussed RI sensors. For completeness, we have also
added sensing platforms other than grating-based ones to our comparison. They show quite
high sensitivities compared to our structure but require complex fabrication processes or angle
control setup, unlike our system. The high sensitivity of our proposed SPR based optical sensor
to changes in the surrounding refractive index establishes it as a suitable candidate for biosensing
applications. Hemoglobin (Hb) concentration in human blood flow is one such crucial parameter
in clinical diagnosis. The normal Hb level for males is 14 to 18 g/dl, and that for females is 12
to 16 g/dl [53]. Abnormal blood Hb concentration, along with other symptoms, can be used to
diagnose COPD (Chronic Obstructive Pulmonary Disease), Chronic Lymphocytic Leukemia,
Iron deficiency, Polycythemia vera [54-57], to name a few. Long-term persistence of such
anomaly in Hb level may even lead to life threatening cardiac, renal, and liver dysfunctions [58].
The variation in the dispersion relationship for solutions with different Hb concentrations is the
basis for Hb concentration detection using optical sensing platforms. The FDTD simulation
environment requires mapping the Hb concentrations to their respective refractive indices.

The experimental work of Friebel et al. [59] provides a formulation relating the Hb solution
concentration and its corresponding refractive index:

n(4,¢) = no(D[B(A)c + 1] ®)

where, water refractive index (ng,0) = 1.326 at a reference wavelength of 1000nm [60], 8(2)
=2.052 x 1073 dL/g for A = 1000nm [59], ¢ = Hb concentration in g/dL. A linear fit to the
data points in Fig. 5 shows a shift in the resonant wavelength of around 2.0885nm for unit g/dL.
change in hemoglobin levels. Wavelength shifts typically detectable in modern spectrometers
are on the order of 0.03nm [61]. For this typical resolving capability of spectrometers, our
proposed sensor is expected to detect hemoglobin concentration changes of 0.014 g/dL. The
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Fig. 4. Plasmonic Fano resonance condition as the environmental refractive index is varied
from 1.3 to 1.4 maintaining W=320nm, L=400nm, H=170nm, d=30nm, and the same shape
as in Fig. 1. The inset shows the variation of SPR wavelength (Ag) with changes in bulk
refractive index

Table 1. Sensing Performance comparison of our proposed structure with previously reported
sensing platforms.

Structure Characteristics Sensitivity RI range Resonance Position Reference
GST layer on a BaF, grating 1400nm/RIU 1.3-1.34 1033-1039nm [50]

Au grating on Au,Ti,Si layer 430nm/RIU 1.1-1.4 1600-1700nm [51]
Isolated metal grating of a DVD-R 637nm/RIU 1.34-1.36 650-700nm [40]
Multilayer metal on the DVD grating mold 377.7nm/RIU 1.34-1.42 550-600 nm [42]
Structurally modified DVD-R 850nm/RIU 1.33-1.37 980-1030nm [39]
Multi-core whispering gallery mode 900nm/RIU 1.33-1.41 1610-1690nm [52]
Graphene based prism coupled structure 275.15°/RIU 1.338-1.405 589nm [29]

This work 768nm/RIU 1.3-14 981-1058nm

resolution indicates the lowest amount of change a device can sense, and this value is a significant
parameter to evaluate the hemoglobin concentration measurement performance. The lower the
resolution is, the more sensitive the sensor is to the changes in Hemoglobin concentration level.
Table 2 compares the resolution value of our sensing platform with the existing measurement
techniques. Evidently, our designed model provides a better resolution compared to both SPR
and non-SPR-based models, which further strengthens its potential to be a revolutionary sensing
device for medical applications.

Table 2. Comparison of resolution in g/dL with previously reported hemoglobin detection methods.

Method Resolution (g/dL) Reference
Multi-wavelength pulse-oximetry based 1.28 [62]
Non-SPR
Spectrophotometry based 1.11 [63]
BK7/Au/PtSe,/graphene coated sensor 0.6103 [64]
SPR Au layer based on silica substrate 0.018 [65]

This work 0.014
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Fig. 5. Resonance behavior of the SPR sensor when exposed to different concentrations of
Hb solution. For each of the Hb solutions, standard conditions of W=320nm, L=400nm,
H=170nm, d=30nm, and the same etch pit shape as in Fig. 1 was maintained.

5. Effects of structural parameter changes

In this section, we have studied the effects of different structural parameters (e.g. dimer length
(L), dimer spacing (d), and dimer shape as depicted in Fig. 1) on the reflection characteristics of
the device. These parameters change due to variations in Optical Pickup Units (OPU) of different
DVD manufacturers and the external circuitry used to control the laser writing process. So, this
study of the effects of these parameters investigates our system’s sensitivity to the variation of
laser writing systems.

5.1. Dimer length

The dimension of the dimer elements in the y-direction (L) can be controlled by changing the
emission time of the laser keeping the write-back speed of the DVD-RAM constant. The emission
time depends on the duration of high current input to the laser which can be varied by changing
the control bits of commercially available Laser Diode Drivers. In Fig. 6, an increase in L causes
a redshift of the SPR wavelength in our proposed system. The electric field, perpendicular to
the dimer axis, creates surface charges due to plasma electron confinement in each of the dimer
elements. The repulsive dipole-dipole interaction between them, due to the induced surface
charges, becomes weaker as L increases, keeping the spacing between them (d) constant. This
causes an increase in the resonant wavelength [66]. The plasmon ruler equation described in
Eq. (7) also supports this linear trend in the SPR wavelength. Also, the small fractional change
in resonant frequency is also validated due to fact that d<<L.

5.2. Dimer spacing

The two reflection spectra for the two values of dimer spacings (50 and 250nm) in Fig. 7 are
almost identical. As the dimensions of dimer elements (320nm x 400nm) are much larger than
the two spacing values, the shift in resonant wavelength is negligible. This is a trend previously
observed with nano-scaled dimers [66]. The small sensitivity of the resonant frequency is also
validated by Eq. (7) using this same reasoning. A higher value of d will result in negligible field
coupling in the dimers, for which the spacing was limited to 250nm. The dimer spacing depends
on the delay between two successive laser emissions, controlled by the timing of control bits of
commercial Laser Diode Drivers, as discussed in section 5.1.
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Fig. 6. Resonance condition as the y dimension of each dimer element (L) is varied for a
constant bulk RI=1.3, W=320nm, d=30nm, H=170nm and keeping the shape of the etch pit
approximately the same as that in Fig. 1 for all the five values of L. a gives a better view of
the reflectivity minima. b shows the shifting of the resonant wavelength (Ag) with L.
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Fig. 7. Plasmonic Fano resonance condition for two different values of dimer spacing (d).
For both the values of d, W=320nm, L=400nm, H=170nm, bulk RI=1.3, and the same etch
pit shape as in Fig. 1 is maintained. The inset gives a better view of the plasmon dips.
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5.3. Etch pit shape

The etch pit shape may change due to an undesirable fluctuation in the laser spot position, caused
by diffraction and other non-idealities in the focusing system of the OPU. The inset of Fig. 8
indicates a very negligible shift in the reflectivity minima position as the shape of etch pit in
each of the dimer elements is gradually changed from shape I to shape IV in Fig. 8(b-e). This
result indicates a negligible sensitivity of the resonance condition to random deflections in the
laser spot as long as it is small enough. The widening of dimer element in the y-direction (L) in
Fig. 6, and the gradual change of the etch pit shape, from circular to rectangular, in Fig. 8, have
the same effect of increasing the amount of gold on the surface. The high extinction coefficient
of gold reduces energy coupling to the SPR mode under consideration [67,68]. This results in an
upward shift in the reflection spectra in each of the three above-mentioned figures as the amount
of gold increases.
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Fig. 8. a Changes in the reflection spectrum as the shape of the etch pit is gradually
changed from circular (Shape I) to rectangular (Shape IV) for a bulk refractive index of

1.3, W=320nm, L=400nm, H=170nm, d=30nm. The inset shows an enlarged view of the
plasmon dips. b-e represent the corresponding Shape I to Shape IV respectively.

The small dependence of the resonance condition on the exact location and firing time of
the laser beam spot, as studied in Subsections 5.1, 5.2, 5.3 waives the requirement of precise
controlling of the laser system. This will allow simpler and cheaper control systems to produce
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reliable performance, reducing cost and making the reproducibility of our proposed sensing
platform easier to achieve. Also, the heat produced due to SPR generation is not significant
enough to make changes in the phase of GST for the continuous wave operation that we are
considering in this work [69].

6. Proposed fabrication steps

The required kind of customized shape patterning requires a great amount of control over the
optical pickup unit (OPU) inside the DVD-RAM optical drive along with the driver signal
power level and pulse-width necessary to record and erase data. There are several open-source
software packages available that offer access to the OPU inside the disc drive [70] and enable
us to precisely control the laser diode positioning along with the signal power level to have
the customized written pattern of our desired size and shape on the recording layer. When
the required dimer-shaped amorphous patterning is done, rest of the tentative work-process to
build the ultimate tunable biosensor design out of the patterned DVD-RAM has been illustrated
stepwise in Fig. 9(a)-(e). To further modify the recording layer with the amorphous dimer
patterns written on it as Fig. 9(c), the plastic, i.e., polycarbonate layer adhering to the recording
layer is to be peeled off like the way shown in Fig. 9(a)-(b). The next step is to remove the
recorded amorphous portions of the GST layer while creating a dimer-shaped array of free space
like Fig. 9(d) so that gold can be deposited into those void patterns to fulfill our plan. Here,
a good etch selectivity between the crystalline and amorphous states of GST is required to
selectively etch out the amorphous while keeping the crystalline parts pretty much intact. In this
scenario, Deng et al. [71] proposed tetramethylammonium hydroxide (TMAH) solution as an
etchant, having significantly different etching rates for these two states. It is evident from their
experimental result that 25% TMAH solution can be an excellent selective wet etchant that can
completely wash out the amorphous state from the written patterns without even affecting the
crystalline GST state as we expected. Once this etching is done, the etched-away hole areas are
filled with gold, and we can finally get the proposed biosensor layout of Fig. 9(e).

Recording
Layer

Amorphous
GST

-
Removing

Top Plastic
Layer

Etching

d
PP
Gold Sputtering GST
Metal Layer
"~ Adhesive Layer

Fig. 9. Proposed tentative step by step work process to obtain the final proposed strucure.
(a)-(b) The polycarbonate layer attached to the GST being peeled off to get the view of (c),
in which the recording layer with a customized data pattern written on it can be observed.
(d) The etched out amorphous GST from the GST layer creating hole-array, which is later
filled with gold as shown in (e).
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7. Conclusion

In this paper, we present a label-free nano-biosensor functioning in the near IR region designed
by just modifying the recording layer of a blank rewritable DVD-RAM. The structure includes
gold dimer structures in the recording layer of the optical disc for better electric field coupling on
the surface. We conducted the theoretical analysis of this design that has validated the position of
SPR resonant wavelength found in the numerical analysis. Analyzing the SPR spectra provided a
shift of 768nm in resonance dip for a unit change in the bulk refractive index. Additionally, the
simulation results show the ability of our proposed plasmonic biosensor to detect Hemoglobin
concentration in human blood flow with a precision of 0.014g/dL, which outperforms many of
the state-of-the-art detection techniques available right now. We also proposed a cost-efficient
and easy fabrication technique for our designed sensor. The proposed surface patterning method
includes laser switching of GST and selective etching of its amorphous form as the major
steps and has the potential to be used for complex metasurface patterning in future to enhance
sensitivity performance [72]. These potentially make our proposed fabrication technique cheaper
and less complicated than conventional nanolithography techniques. The findings of our work,
considering fabrication feasibility, cost efficiency, and performance of the sensor, show great
potential to be used in future biomolecular sensing applications.
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