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This work presents a novel approach for pathogen identification using a one-dimensional annular
photonic crystal (APC). The APC structure consists of alternating silicon layers with varying po-
rosities arranged in a periodic pattern. A defect layer has been incorporated for the detection and
monitoring of E. Coli bacteria. The optical characteristics of the APC are analyzed by solving
Maxwell’s equations and employing the modified transfer matrix method in Cartesian coordinates.
The proposed APC design, which features a configuration of (layer a/layer b)"/defect layer/
(layer a/layer b)Y, demonstrates promising potential for pathogen detection when using water and
E. Coli samples in the defect layer alongside porous silicon in a multilayer stack. All design pa-
rameters are meticulously optimized to achieve peak sensor performance. Various performance
metrics, including resonant peak position, quality factor, figure of merit, and sensitivity, are cal-
culated. Numerical simulations and theoretical analyses provide insight into the interaction be-
tween pathogenic microorganisms and the APC. This research contributes to the development of
sensitive and effective optical sensing technologies for pathogen detection across various applica-
tions. Our design achieves a sensitivity of 231.4 nm/RIU and a quality factor of 667.5.

Keywords: photonic crystals, annular photonic crystal, sensor, sensitivity, reflectance, photonic band gap,
figure of merit, quality factor.
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1. Introduction

Photonic crystals (PCs) have played a crucial role in the design and development of
various physical, optical, and technological applications over the past thirty years. In
these applications, the primary function of PCs is related to the attenuation or trapping
of electromagnetic radiation. The reduction of incident light within a specific fre-
quency range is mainly attributed to the formation of certain frequency bands known
as photonic band gaps (PBGs) [1-4]. These PBGs are created by the heterostructure
of PCs, which can be constructed from two or more materials with different optical
properties [5-7].

Additionally, modifying the periodicity of PCs may result in the light trapping of
the incident radiation [8-10]. Dielectrics, semiconductors, metals, superconductors,
graphene, and nanocomposites are among the materials that are frequently taken into
account when determining the tunability of PBGs and light trapping [11-13]. The emer-
gence of resonant defect modes has drawn a lot of interest recently in the fields of PCs,
optical, and biosensing because of their significant impact on these sensors’ perfor-
mance and experimental findings. According to reports, these occurrences may also
greatly improve the sensors’ sensitivity and quality factor [ 14-18]. Thus, numerous ap-
plications, including gas sensing [18], biological sensing [ 19], optical filters [20], light
-emitting devices [21], solar cells [22], and optical switches [23] have been introduced
based on the emergence of these resonant modes.

On the other hand, a new geometry that offers greater comfort and simplicity is re-
quired for the fabrication process. 1D annular PCs (1D APCs) solve fabrication issues
that may arise with 1D planar PCs [17,18]. In addition to having accurate measuring
capabilities, such structures could be made more realistic during fabrication, particu-
larly for certain chemical and biological applications. The 1D multilayer structures
with a cylindrical shape could be used to construct circular PCs. Furthermore, as shown
by KLiMmov ef al., the well-known transfer matrix method (TMM) might be modified
to provide a theoretical analysis of the interaction of electromagnetic waves with these
structures [23]. In this context, the inclusion of annular geometry received a significant
contribution in the design of different physical and biomedical and chemical applica-
tions [24-27]. ABADLA et al., demonstrated the thermal properties of the 1D APCs
based on some materials that their optical properties can be effectively tuned due to the
temperature variations [25,26]. Accordingly, the designed structure can be introduced
as a temperature sensor of sensitivity = 0.224 nm/°C [25]. In contrast, SAYED et al.,
have introduced the 1D APCs to act as a salinity sensor providing a sensitivity of
782 nm/RIU [24]. In addition, GANDHI ef al., have demonstrated a multilayers design
of annular geometry based on SiO, and TiO, materials as a biosensor to detect the
bacteria cells and spore present in water sample [27]. Based on these significant contri-
butions, we believe that the dependence on the annular geometry in the sensing and
monitoring applications could be of a promising interest. Notably, this geometry may
represent the key link between the 1D PC designs and PC fibers. Thus, we have intro-
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duced in the present communication a simple 1D APC structure as a biosensor to detect
the different concentrations of Escherichia Coli (E. Coli) bacteria in pure water.

In particular, the developing of photonic optical sensors to detect pollution is ex-
tremely desirable. It has been suggested that photonic sensing technology can be used
to identify pollutants or harmful germs in food and water [1,27]. The public health of
the world is seriously threatened by the quick evolution of bacteria resistant to anti-
biotics. For efficient disease treatment and prevention, these infections must be detect-
ed accurately and promptly. Conventional diagnostic techniques, like biochemical
testing and culturing, are frequently labor-intensive and time-consuming. As a result,
creative and effective methods for pathogen identification are desperately needed.
There is a dangerous type of bacteria, which is named as E. Coli, is one of these types
of bacteria that must be detected through the outgoing designs of PCs. Most E. Coli
germs are mainly found in animal and human intestines [28,29]. Water sources, such
as wells tainted with animal or human excrement, may harbour £. Coli O157:H7 [30].
Enzyme-producing bacteria E. Coli are classified as the most pathogenic organisms in
the Enterobacteriaceae family of gram-negative bacteria [31]. E. Coli in water is a sign
of animal and human faces pollution. Consequently, it is imperative to identify E. Coli
bacteria to preserve public health and water quality. XIN et al. introduced research for
monitoring of bacteria using electro-photonic traps [32]. They predicted a variation
in measurable electrical current of up to 40% between dead and live bacteria. Also,
LiN et al. presented a review study with nanomaterials-based optical biosensors for the
detection and discrimination of pathogenic bacteria [33]. Although these valuable
studies rely on optical designs to detect bacteria, many of them suffer from high costs,
low sensitivity, and a lack of performance calculations. Therefore, it is essential to de-
velop highly sensitive sensors based on PCs, specifically active PCs, for the detection
of E. Coli due to their superior sensitivity and selectivity [24-26].

Meanwhile, we have introduced in this research paper a novel approach for path-
ogen identification using a 1D APC. The designed APC structure consists of alternat-
ing porous silicon layers with varying porosities arranged in a periodic pattern. A defect
layer has been incorporated for the detection and monitoring of E. Coli bacteria. There-
fore, the proposed APC design, could be introduced as, (layer a/layer b)"/defect layer/
(layer a/layer b)". To optimize the proposed sensor regarding the best performance of
the designed sensor, we conduct numerous optimization steps focusing on various
geometric parameters. The organization of this research is as follows. Section 2 dis-
cusses the theoretical framework and fundamental equations of the transfer matrix
method (TMM) in cylindrical coordinates. Additionally, the equations relating the op-
tical properties (refractive index versus E. Coli concentration) are presented in this sec-
tion. In Section 3, we analyze the results by plotting the reflection spectra against the
operating wavelength for each geometric parameter. We also examine factors influ-
encing the sensor’s performance, including detection limits, signal-to-noise ratios,
quality factors, sensitivity, and figures of merit for different levels of porosity and de-
fect layer thicknesses. Finally, the Conclusion section summarizes the key findings
from the results.
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2. Proposed design with mathematical analysis

Figure 1 displays the schematic diagram of 1D APCs. The design consists of a starting
section, or innermost circular portion, with a radius of y, and a refractive index (RI)
of n,. Notably, the circular area of a radius y, represents the area at which the source
of the incident electromagnetic waves can be placed to interact with the designed struc-
ture. Meanwhile, this circular area represents the starting medium of the incident elec-
tromagnetic waves and was expressed as air of a refractive index n, = 1. Then, layer ‘a’
is designed from porous silicon of porosity of 0.7 and layer ‘b’ is designed from porous
silicon of porosity of 0.5 are deposited in alternating layers with Rls of #, and »,, and
optimum values of their thicknesses as d; = 70 nm and d, = 75 nm, respectively. To
realise a defect peak in the reflectance spectrum, a defect layer with RI of n4 and thick-
ness 48 nm is introduced into the suggested APC. The APC period preceding and suc-
ceeding the defect layer is NV, where N is the structure’s periodicity, here defined as 10.

Then, the modified TMM represents the mainstay of our theoretical formalism be-
sides the optical properties of the constituent materials. The TMM involves represent-
ing each layer of the PC structure by a 2 x 2 matrix that relates the electric and magnetic

Fig. 1. Sensor schematic diagram of the 1D APCs in which two different materials of refraction indices
(n, and n,) and thicknesses (d, and d,) are repeated for N periods before and after the defect layer. Here,
7o represents the radius of the inner core.
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fields at the input and output interfaces of the layer [17,23-26]. The overall transfer
matrix of the entire structure is obtained by multiplying the individual transfer matrices
of each layer [23-26]. For a cylindrical geometry, the TMM can be formulated in terms
of Bessel functions to account for the radial dependence of the electromagnetic fields.
For this purpose, it is assumed that the cylindrical wave is incident normally on the
initial contact at y = y, after diverging from the axis of symmetry at y = 0. In the cy-
lindrical Bragg wave, the reflectance at the initial circular boundary, y = y, = 500 nm,
is calculated by using the TMM [17,23-26]. The TMM is used to look at how cylin-
drical electromagnetic waves propagate via each cylindrical interface for various azi-
muthal modes and polarisations. The proposed structure of the APC is then with the
configuration (layer a/layer b)"/defect layer/(layer a/layer b)". Where, the defect
layer consists of water in addition to E. Coli samples with different volume fractions.
The substrate layer is the outer area, or final medium, which has the RI of n . Here,
the substrate material is considered as glass of refractive index, n, = 1.52.

Given the assumption that each electromagnetic field’s temporal component is
exp (jwt), the source-free two curl Maxwell’s equations are as follows:

VxE = —jouH (1)
VxH = jwecE 2)

where o is the angular frequency. There are two feasible modes (or polarisations) for
the cylindrical Bragg wave: the TE and TM modes. The non-zero fields for the TE wave
are £, H(ﬂ, and H " which fulfil the following equations in each monolayer:

1 OF, o
> 9 —jouH, (3a)
oE, |
E = JCO,UH¢, (3b)
o(pH oH
e w) 2 = jwepE (3¢)
op oy ‘

With the help of (3), the formula that governs for £, can be found and is expressed by:

P=—|P —p = +
op op o

— +o’uep’E, = 0 4)
p 0p Op  0Op j

Using the approach of separation of variables, the solution for £, may be deter-
mined and is represented as:

E.(p.p) = V(p)P(9) = [AJm(kp)+BYm(kp)}eXp(im¢) )
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where, m is the azimuthal number, £ = w./ue is the medium’s wave number, J,, is
a Bessel function, Y,, is a Neumann function, and 4 and B are constants. Then, the
azimuthal component of the magnetic field /,, is obtained from (3b) as follows:

H,(p,¢) = Ulp)P(p) = E[AJ,WCP)+BY,;1(kp)}eXp(imco) (6)

Here, kp indicates medium’s intrinsic admittance. We can determine the single-layer
matrix relationship between the electric and magnetic fields at its two interfaces with
the use of Egs. (5) and (6). With refractive index n, and interfaces at y = y, and y,, the
matrix for the first layer 7, may be expressed as:

X X,
1| — Tl Y0 (7)
YJ’ YVo
ty 1]
Tl — 11 12 (8)
by In

The values of ¢y, t,,, t;3 and ¢4 can be obtained from [17,23-26]. The following ex-
pression can be used to determine the transmittance 7 and reflectance R of the APC:

R = |rd|2 )
_ e
TSl (10)

Just swapping out ¢ «— u and j «— —j in the TE wave calculation yields the reflectance
and transmittance expression for the TM wave.
The matrix equation for the overall system matrix 7 is given by:

=Ty .T,T, T, Fo (11)
N+ 5345271
_ny_ 70
= M| (12)
L 77 YVo

Meanwhile, Eqgs. (9)—(12) represent the mainstay towards introducing both trans-
mittance and reflectance of the considered 1D APC structure based on the optical
properties of the constituent materials and their thicknesses as well besides the wave-
lengths of the incident electromagnetic radiation. Meanwhile, the indices of refraction
for layers a and b can be expressed in terms of their porosities [34]. In this regard,
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Bruggeman'’s effective medium approximation can be utilized to describe the effective
refractive index of porous Si based on the porosity level such as [34]:

nosi = 0.5J0+ Jo? + 8 1 iy (13a)

— 2 2 2 2
o= 3P(nanalyte - nSi) + (2nsi - nanalyte) (13b)

where P, ng; and 7,4 describe the porosity level, refractive index of Si and the re-
fractive index of the analyte material, respectively. Meanwhile, the refractive index
of Si is a wavelength dependent that can be expressed according to Sellmeier disper-
sion formula as [35]:

J’_
2%~ 0.0909 2?—1.2877 27— 1218816
(14)
Here, / describes the wavelength of the incident electromagnetic waves [35]. There-
fore, the indices of refraction (n, and n,) of layers a and b can be investigated based
on Egs. (13) and (14).

Finally, the refractive index of the defect layer n, can be expressed as a function
of the volume fraction of E. Coli bacteria. In particular, the pure water of refractive
index of 1.3323 is considered as the slandered reference towards the detection of
E. Coli bacteria [18,32]. In this regard, the defect layer is filled with pure water, then
the E. Coli bacteria of different volume fractions or concentrations is embedded inside
this pure water. Therefore, the refractive index of the defect layer increases with the
increase of E. Coli concentrations through the defect layer. Therefore, the refractive
index of the defect layer can be expressed as a function of the volume fraction of
E. Coli bacteria according to the following fitted relation:

10.6684293 1% 0.0034347484)>  1.54133408 /°
ng(A) = Jeg = JH v

ng = ny,+kv, (15)

such that n,, = 1.3323 defines the refractive index of pure water, £k = 0.0577 is a con-
stant value and Vf describes the concentration of the volume fraction of E. Coli inside
the pure water.

3. Result and discussion

The suggested 1D APC was designed using the successive layers of different porosity
and with a period N = 10 before and after the defect layer. The structure was analysed
by considering that the defect layer is filled with the analyte material. In this regard,
layers a and b are designed from porous silicon of different porosity. Thus, layers a
and b are specified with indices of refraction n; and n, as well as thicknesses ¢, and d,,
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respectively. In this regard, 7, and , can be simulated based on Egs. (13) and (14) besides
the refractive index of the analyte material. Notably, the analyte material (£. Coli) of
different concentrations can flow through the voids of porous Si layers and the defect
layer as well. In contrast, the defect layer is designed from water of thickness d4 and
refractive index ny = 1.33 that can be then filled with the E. Coli samples. Therefore,
the proposed design is configured as, Si(pSia/pSib)N/(water sample)/(pSia/pSib)NSi.
Actually, the choice of two Si layers of different porosity in the design of the sug-
gested sensor is proposed because pores materials provide a massive number of pores,
which in turn makes the flow of the analyte through the pores and the defect layer
easy and convenient toward an accurate, simple, and efficient detection process. In par-
ticular, this strategy could lead to a higher level of interaction between the incident
electromagnetic waves and the considered analyte, which in turns could give rise to
an improved sensing performance. In addition, providing two Si layers of different po-
rosity in the design of each unit cell of the suggested structure could introduce a good
matching level during the experimental verification besides the diversity of pores and
their surface area as well [34].

Meanwhile, the voids inside the pores besides the defect layer can be filled with
E. Coli samples for monitoring them. In particular, the inclusion of the defect layer
plays a promising role in the sensing and monitoring of the £. Coli samples. Accord-
ingly, the breaking of the structure’s periodicity gives rise to the generation of a res-
onant peak through the formed bandgap [36]. The emergence of this resonant peak is
due to the localization of some photons of a specified wavelength inside the intro-
duced PBG [8,10]. This resonant peak can be tuned using the changes in the properties
of the defect layer, especially its thickness and refractive index [6,9]. Meanwhile, the
position of the defect peak can be investigated based on the thickness and refractive
index of the defect layer. In particular, the thickness of the defect layer should be com-
parable with the wavelength of the incident electromagnetic waves to receive this reso-
nant mode [8,10]. Then, light wave incident normally on the structure, and the azimuthal
number m was assumed to be zero to avoid computational complexity. The modi-
fied TMM was employed to study the reflectance spectrum of the proposed APC. First,
the reflectance spectrum of the structure was studied by separately considering the
defect layer filled with water, as shown in Fig. 2. Initially, the thicknesses of layers a
and b are set as d; = 50 nm and d, = 65 nm, respectively. In addition, the porosity of
these layers is considered as 0.7 and 0.4. Then, the thickness of the defect layer is cho-
sen as dy = 65 nm. In particular, in the upcoming figures, we have introduced a detailed
optimization process to investigate the best performance of the designed sensor. Here,
a band gap was obtained from 502 to 625 nm in the reflectance based on these values.
The emergence of this PBG at these spectral wavelengths is due to the contrast in the
refractive index between the two porous Si layers through each unit cell of the designed
1D APCs. Notably, the choice of the two porous Si layers with different porosity, i.e.,
0.4 and 0.7 will give rise to two different indices of refractions for layers a and b. Re-
markably, a sharp dip (i.e., a defect peak) within the band gap was perceived at 525.6 nm.
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Fig. 2. Reflectance spectrum of the 1D APCs containing a defect layer filled with pure water.

Here, the emergence of the defect peak in this specified spectral wavelength is due to
the filling of the defect layer with pure water. As the E. Coli bacteria of different con-
centration involved through pure water, the spectral position of this resonant peak is
shifted towards the longer wavelengths [10]. Therefore, the mainstay of this study was
to investigate the defect mode’s characteristics concerning various changes in E. Coli
volume fractions across the defect layer.

For this purpose, we have considered in what follows an optimization procedure
of the different parameters towards the best performance of our E. Coli sensor. In this
regard, Fig. 3 demonstrates the impact of the defect layer thickness on the properties of
the defect peak and the performance of the designed E. Coli sensor as well. Figure 3(a)
introduces the shift in the defect peak position due to the increase in the defect layer
thickness. As the value of the defect layer thickness increases, the defect peak is red
shifted upwards the longer wavelengths besides a little shift in the upper and lower
edges of the PBG. This behaviour is due to the change of the optical path length with
the increase in the thickness of the defect layer [36,37]. Thus, for an increase in the
thickness of the defect layer, the shift in the position of the defect peak is expected.
Then, Figs. 3(b)—(d) display the role of the defect layer thickness on the performance
of the considered sensor. Figure 3(b) shows the response of the quality factor of our
sensor versus the thickness of the defect layer at two different concentrations of the
analyte material. It is worth noting that the quality factor of the designed sensor could
be increased from 240 to 690 due to the increase in the value of d4 from 30 to 70 nm,
respectively for pure water case. As the volume fraction of E. Coli through water of 0.5,
the quality factor is almost unaffected receiving a value of 640 at a thickness of the
defect layer of 70 nm. Here, the increase in the value of the quality factor with the
increase in the thickness of the defect layer could be due to the decrease in the full
width at half maximum and the shift in the resonance peak. In contrast, Figs. 3(c) and
(d) investigate a significant increase in both sensitivity and figure of merit due to the
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Fig. 3. (a) A colour map for the defect mode of the 1D APCs at various values of the defect layer’s thick-
ness, (b) the response of quality factor vs. the defect layer thickness, (c) the sensitivity’s values of E. Coli
sensor vs. the defect layer thickness, and (d) the figure of merit vs. the defect layer thickness.

increase in the value of d,, respectively. As shown in Fig. 3(c), the sensitivity of the
designed E. Coli sensor provides a linear increase with the defect layer thickness
increasing. In this regard, the sensitivity increases from 161.9 to 174.6 nm/RIU as
the thickness of the defect layer increases from 30 to 70 nm. However, the increase
indy over 70 nm is not accepted because the full width at half maximum of the resonant
peak becomes smaller than 0.8 nm. Therefore, measuring of other performance pa-
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rameters such as quality factor and figure of merit is very difficult on both theoretical
and experimental procedures. Therefore, a defect layer thickness of 70 nm represents
the optimum value in our study.

Then, at an optimum thickness of 70 nm for the defect layer, Fig. 4 introduces the
effect of the thickness of layer a on the performance of the designed sensor. Figure 4(a)
shows a significant shift of both resonant peak and PBG towards the longer wave-
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Fig. 4. (a) Reflectance of the APCs at different values of layer a thickness, (b) variation of quality factor’s
values vs. layer a thickness, (c) the sensitivity of the sensor vs. layer a thickness, and (d) the impact of
layer a thickness on the figure of merit.
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lengths with the increase in d; value from 35 to 70 nm due to the significant change
in the path length of the interacting electromagnetic waves. This response can signif-
icantly improve the performance of the designed sensor in the vicinity of its sensitivity,
quality factor and figure of merit as well. As shown in Fig. 4(b), the quality factor could
receive a value of 1050 as the thickness of layer a = 70 nm. In addition, at d;, = 70 nm,
the sensitivity of the proposed sensor and figure of merit can be increased to 211 and
354 nm/RIU as shown in Figs. 4(c) and (d), respectively. For further increase of d; over
70 nm, the edges of the PBG loss their stability besides the emergence of some ripples
which in turns could interfere with the resonant peak leading to a significant fluctu-
ation through the detection procedure. Thus, 70 nm represents the optimum thickness
of layer a.

In contrast, Fig. 5 shows the impact of changing the thickness of layer b on the
sensor performance at constant values of d; =70 nm and d; = 70 nm. Similar to the
previous results, the increase in the thickness of layer b provides a pronounced effect
on both PBG properties and resonant peak as well. Here, the PBG is shifted with the
increase of d, value towards the longer wavelengths with the emergence of its upper
edge outside the considered spectrum region as shown in Fig. 5(a). In addition, the res-
onant peak is shifted from 472 to 610 nm with some decrease in its intensity due to
the increase in the thickness of layer b from 40 to 75 nm, respectively. In contrast, the
quality factor and figure of merit received considerable decrements in their values with
the increase of d, value as shown in Figs. 5(b) and (d), respectively. This response
could be due to the increase in the FWHM of the resonant peak with the thickness of
layer b. However, the values of sensitivity provided a considerable increase receiving
221 nm/RIU at d, = 75 nm. Therefore, we have considered 75 nm for the thickness of
layer b as an optimum value.

Therefore, thicknesses of d; = 70 nm, d, = 75 nm, d; = 70 nm and porosity of lay-
er a of 0.7 represent the optimum values of our designed sensor. In this regard, at the
optimum values of the different parameters, we have considered in Fig. 6(a) the re-
flectance spectrum of the designed structure at different values of the volume fraction
of E. Coli inside the pure water. The defect peak appeared within the band gap, and
the wavelength of this defect peak continued to increase with an increase in the volume
fraction of E. Coli. Such effect could be due to the change of the optical path length
with the volume fraction (concentration) of E. Coli bacteria [36]. In other words, to
keep the state of the phase shift condition, the increase in the refractive index of the
defect layer due to the increase in the concentration of E. Coli samples in pure water
leads to a profound increase in the position of the defect peak [37]. Thus, for an increase
in the refractive index of the defect layer, the shift in the position of the defect peak
is expected. Then, Fig. 6(b) displays the sensitivity of the designed E. Coli sensor ver-
sus the increase in its volume fraction. It is worth noting that the value of the sensitivity
is almost constant with the change in the concentration of £. Coli bacteria in pure water.
Notably, its value changes from 231.4 to 230.7 nm/RIU through the overall variation
of E. Coli volume fraction. Therefore, we believe that our sensor could be of interest
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on the level of sensitivity’s stability whatever the concentration of E. Coli bacteria in

pure water.

Finally, we have introduced in the Table a brief comparison between the perfor-
mance of our designed structure and some of the recently designed sensors based on
PC structures in the vicinity of the achieved sensitivity. It is worth noting that our de-
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bacteria in pure water. (b) The sensitivity of the 1D APC sensor at different volume fractions of E. Coli
bacteria in pure water.

signed 1D APC structure provides a good performance compared to some of its coun-
terparts as listed in the Table because our proposed APC sensor outperforms in
sensitivity over the others. In addition, the proposed design could be of interest for

Table. A brief comparison between some of the earlier research using 1D defective planar PCs with
the suggested 1D defective APCs.

Sensor design The detected analyte Sensitivity [nm/RIU]  Ref.
1D porous PCs E. Coli bacteria in pure water 174 [18]
1D dielectric PCs Biodiesel 136.8 [38]
1D nanocomposite coated PCs  Cancerous cells 43 [39]
1D binary PCs Hemoglobin in blood plasma 72 [40]
1D binary PCs Fat concentration in milk 106.7 [41]

Our 1D APC sensor E. Coli in pure water 2314 This work




Enhanced refractive index sensor... 337

fabrication procedure. Notably, for the 1D APC structures, the layers are arranged in
a circular fashion, which makes the overall structure compact as compared to the reg-
ular 1D PCs besides its stability over the regular PC structures as well. Moreover,
1D APCs can be introduced as a non-intrusive and label-free method for optical sens-
ing applications. Therefore, we believe that our introduced sensor presents a good
choice, especially in the proposed 1D APC sensor which is compact in size and can
be easily fitted in a small area as well.

4. Conclusion

In conclusion, this work thoroughly examines the design and functionality of a 1D APCs
for pathogen identification. The APC structure consists of alternating silicon layers
with varying porosities arranged in a periodic pattern. The incorporation of porous ma-
terials in APC design could enhance their applicability, particularly for sensing pur-
poses. A defect layer has been introduced to facilitate the detection and monitoring of
E. Coli bacteria. To achieve high performance, several optimization steps are per-
formed for key geometrical parameters. Various performance metrics, such as resonant
peak position, quality factor, and sensitivity, are calculated. The sensor exhibits a high
-quality factor of 667.5 and a sensitivity of 231.4 nm/RIU, underscoring its ability to
reliably differentiate between various infections. These results, along with the potential
for integrating the APC with other diagnostic methods, suggest that this technology
could significantly enhance the prevention and control of infectious diseases. Moreover,
we believe that the designed sensor could be of a significant interest as a good indicator
for some chemical and biological microfluidic components.
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