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1. INTRODUCTION

Nowadays, many scientists concentrated their works on light wave-based
systems. This is due to their (optical structures) very low cost and size, high
capacity and speed and easy integration. As known, optical configurations
operate based on characteristics of photons. This is the main reason of their high
functionalities compared with electronic based configurations (that operate
based on characteristics of electrons) [1-3]. As a result, optical based systems
have been increasingly designed and fabricated. In the designation process of
optical system, all of the circuit parts must be optically designed (should operate
based on optical principles). Therefore, system elements like waveguides, filters
[4], gates [5-7], sensors [8], multiplexers and etc. must operate based on optical
principles [9-11]. Optical based system can be considered based on different
configurations such as plasmon [12], graphene [13], photonic crystal (PhC) and
etc. PhC systems attracted enormous attentions due to their simpler
configuration, extreme efficiency and ignorable cost. PhC devices can be
designed in 1, 2 or 3 dimensions with circular, hexagonal or cubic periodicities.
PhC devices can be designed in a periodic format in a defined substrate
(dielectric like air). Distance between rods (periodicity) can be defined by lattice
constant [14]. Refractive index (RI) is another parameter defining specifications
of the materials considered for rods and background (Si used for rods and air for
background). Photonic bandgap (PBG) is another important parameter for
defining PhC based system. It can demonstrate allowed (guided) and non-
allowed (forbidden) transmission wavelengths. PBG would be achieved through
using PWE technique.

As known, in permitted regions, light wave would be transmitted in the
system. In these wavelengths, very low amounts of the signal can reach output
port and most the signal would be dispersed. While, in non-permitted regions
light cannot be transmitted in the system. Light wave will oscillate between
rods. This reflection (oscillation) process can help signal to be transmitted along
the system. Total internal reflection (TIR) is the phenomena defining light
transmission in the structure in non-permitted wavelengths [15-19]. light wave
propagation in the system would be obtained by considering FDTD technique.
As known, in optical integrated circuits (OICs), all devices would be defined
based on optical configurations (like PhCs). Optical biosensors as important
OIC’s devices would also be d based defined by optical configurations. These
systems would be used for diagnosis of numerous bio-marks [20-22]. Regular
detection of various bio-marks such as cholesterol, hemoglobin, glucose, and
creatinine are so crucial. Among the mentioned blood factors, detecting
hemoglobin and glucose amounts would aid doctors in diagnosis of anemia and
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diabetes [23]. Extra amounts of cholesterol and creatinine can lead to
hypercholesterolemia and acute kidney diseases [24]. Therefore, detecting
cholesterol and creatinine would help doctors in prognosis of mentioned
illnesses.

In a research [25], a cholesterol detection sensor was suggested by using a 1-D
hyperbolic PhC. Very considerable amounts were calculated for S, DL and
FOM. In another research [26], by using PCFs, cholesterol amounts were
detected. In [27], by proposing a sensor made of GO/PPy/PANI/ZnO
combinations, cholesterol could be diagnosed. Considerable S, DL and FOM
were extracted. In [24], by considering 1-D PhC system based on MgF, and
Ce0,, an efficient sensor for diagnosis of creatinine amounts was designed.
Acceptable S factor of 306.25 nm/RIU was obtained. In [28], a device based on
various combinations was proposed for detection of creatinine amounts.
Designed sensor indicated S factor of 1562.5nm/RIU. In the presented work,
functional and remarkable PhC sensor structure would be proposed for
prognosis of vital bio-marks. PBG and field diagrams are obtained for two
different output ports (each port is considered for detection of cholesterol or
creatinine). In the last section, the designed system is used as a biosensing
element for prognosis of cholesterol and creatinine at output ports 1 and 2,
respectively.

2. PRINCIPLE AND DESIGNATION
The device is made of 35*42 Si cells. Maxwell’s equations are used for
evaluating the system:

B _y*E-3
ot 1)
B _yxy_3
a )

In the above equations, D, B and J stand for displacement, magnetic induction
field and current density. E and H declare electric magnetic fields.
Q-factor is an important sensing parameter [29, 30].

A
Q=—-="— @A)
A/L:WHM
Sensitivity is another important factor.
szﬂ(nm/RM) 4
An
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DL is another vital factor defined in Eq. (5).

A
DL=—"" (RIU
10SQ (RIV) 5)

FOM is another vital factor.

_SQ 4
FOM === (RIU ) ©)

Proposed device is depicted in Fig. 1.
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Fig. 1. Presented 2-D PhC device

As seen in Fig. 1, proposed device is made of 35*42 cells in air medium. In
the presented device, linear cells were used to ease the design and fabricating
techniques. In proposed device, numerous defects are designed in order to
function properly (filtering specific wavelength at each output port).

As shown in the above schematic, dark blue and black cell’s radius were not
the same as other rod’s radius. Mentioned rods function as the confinement

Journal of Optoelectronical Nanostructures 2025; 10(3): 58-70 61



Precise Prognosis of Hypercholesterolemia and Acute Kidney Diseases ....

medium for sensing functionalities. They are able of filtering resonant
wavelengths.

Dark cyan cells can be considered as coupling ones. Various structural
constants of the above figure are summarized in the following table.

Table. 1. Geometrical Factors of Fig. 1

Parameter Value

Red rod’s radius 0.1um

Dark blue rod’s radius 0.13pm

Black rod’s radius 0.13pm

Dark cyan rod’s radius 0.09um

Lattice constant (a) 0.5um
Refractive index of rods 3.5

After designing the presented system (Fig. 1), PBG would be obtained. This

diagram helps in investigating allowed and non-allowed wavelengths. PBG
spectrum is indicated in Fig.2.
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Fig. 2. View of PBG of designed system

According to Fig. 2, different modes could be achieved for designed structure.
TE modes were placed 1.25um<A<2.08um and 0.909pm<A<lpm. TM modes
are also placed in 0.83um<A<lum. According to Fig. 2, TE PBGs were placed
in wider wavelength regions. At wavelengths placed in TE region field would
move through the system based on TIR effect. In next sections, distribution of
electric filed at A=1050nm, A=1400nm and A=1700nm would be considered.
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Then, transmission-wavelength diagrams for different concentrations of
cholesterol and creatinine would be extracted (from which important parameters
like S, Q-factor, FOM and DL would be obtained).

3. SIMULATIONS AND RESULTS
In the presented section, field and transmission-wavelength figures are achieved
by using incident field at different wavelengths.

3.1. (A=1050nm)

In this part, electric signal at A=1050nm (which is not involved TE PBG region)
is achieved. As indicated in Fig. 3, signal is dispersed in system. Therefore,
basically very low amounts of field would be transferred to outputs.

X (um)
Fig. 3. View of the field at 2=1050nm

As shown in Fig. 3, very low sections of incident signal reached Outputs 1 or
2 (A=1050nm was placed in TE guided ranges; thus, incident field would be
totally faded). As a result, A=1050nm wouldn’t be useful and functional for
sensing applications.
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3.2. Outputl (A2=1400nm)
In this section, electric field and transmission diagrams at A=1400nm are
considered. Field distribution figure is indicated in Fig. 4. a.
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Fig. 4. a) View of the electric field at A=1400nm, b) Transmission diagram vs.
wavelength for various concentrations of cholesterol in blood

As shown in Fig. 4. a, much of the input filed is transferred to outputl
(A=1400nm is placed in TE PBG ranges). Therefore, it is a functional
wavelength for sensing applications. At this point, different amounts of
cholesterol in blood are considered as the analyte (each cholesterol concertation
is defied by its RI) and transmission-wavelength spectrum would be obtained.
As previously stated, high levels of cholesterol can cause hypercholesterolemia,
which can be effectively and precisely diagnosed (by this structure). Changes of
resonance wavelength with respect to different amounts of cholesterol in are
shown in Fig. 4. b (as transmission vs. wavelength diagram)

As known, acceptable cholesterol concertation should be lower than 200mg/dl
(5.17mmol/L). As a result, cholesterol amounts more than 200mg/dl might cause
danger and may lead to heart diseases [25, 31]. RIs of various Cholesterol
amounts would be stated in the following table [25].

Table 2. RIs of Cholesterol Levels

Levels (mg/dl) Rls
200 2.59
220 2.62
240 2.80
260 3.06
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As seen in Fig. 4. b, increasing RI enhances central wavelength of the diagram
(wavelength is moved to extreme values) [32, 33]. S, Q-factor, FOM and DL
can be obtained as follows (for outputl) through Fig. 4. b, and Egs. (3-6):

Q: (55.2-66.4), S: 1204.7nm/RIU, DL: (0.0021-0.0031) RIU, FOM: (48.18-
54.6) RIU. All in all, the proposed biosensor would remarkably aid researchers
in prognosis of hypercholesterolemia.

3.3 Output2 (A=1700nm)
In this part, electric filed and transmission diagrams at A=1700nm are
considered. Field spectrum is shown in Fig. 5. a.
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Fig. 5. a) View of the field at A=1700nm, Transmission-wavelength diagram for
different amounts of creatinine

As can be shown in Fig. 5. a, most of input signal (at A=1700nm) was
transferred to output2. This phenomenon happened due to the fact that
A=1700nm is situated in TE PBG range. Thus, it will be a good wavelength for
sensing functionalities. In the next step, various creatinine concentrations in
blood will be investigated. According to the obtained result, transmission-
wavelength spectrum will be achieved. Considering the obtained results, acute
kidney diseases might be precisely and prognosed by physicians. Alterations in
the resonance wavelength through applying various values of creatinine in blood
can be seen in Fig. 5. b.

Rls defined in Fig. 5. b are summarized in following table 3 [24].
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Table 3. RIS of Creatinine Levels

Levels (umol/L) RIs
85.28 2.565
84.07 2.589

83.3 2.610
82.3 2.639
81.43 2.655
80.9 2.661

According to Fig. 5. b, enhancing refractive index can lead to the movement
of peak wavelength to higher values [32, 33]. Through Fig. 5. b and EqgS. (3-6),
important bio sensing parameters related to output2 would be achieved as
following. Q: (175.7-195.5), S: 1957.3nm/RIU, DL: (4.8e-4 -5.2e-4) RIU,
FOM: (184.8-205.9) RIU. All in all, researchers can precisely prognosis acute
kidney injuries. Obtained results of the proposed sensor (for outputs land 2) are
compared with previously reported researches and are mentioned in Table. 4.

Table 4. Comparison of Proposed Sensors with Previous Ones
Sensitivity

References (nm/RIU) FOM (RIUY) Q-factor LOD (RIU)
Cholesterol [25] 469 125 0.0091
Cholesterol [34] 156.18 10.41
Cholesterol [35] | 245.6714 13.5 28

Proposed 12047  48.18-546  552-66.4  0.0021-0.0031

Cholesterol

Creatinine [28] 1562.5
Creatinine [24] 306.25
Creatinine [36] 637 10.3

Proposed 1957.3  184.8-205.9 175.7-1955  4.8e-4-5.2e-4
Creatinine

4. CONCLUSON

A functional PhC biosensor made of 35*42 silicon in air was presented.
Different important diagrams were obtained through PWE and FDTD
techniques. Various defect rods were introduced for conducting the interfering
and scattering phenomenon. The designed device was presented for prognosis of
cholesterol and creatinine at specific wavelengths (situated in the TE PBG
region). Characteristics of the biosensor at outputl (detection of cholesterol)
were, Q: (55.2 — 66.4), S: 1204.7nm/RIU, DL: (0.0021-0.0031) RIU and FOM:
(48.18-54.6) RIUL. Considering these parameters, physicians can diagnose
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hypercholesterolemia in early stages. The proposed biosensor at output2 was
considered for detection of creatinine with Q: (175.7-195.5), S: 1957.3nm/RIU,

DL:

(4.8e-4 —5.2e-4) RIU and FOM: (184.8-205.9) RIU™. Finally, presented

system could be an appropriate choice for bio-sensing applications in optical
integrated circuits.
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