[ Downloaded from jiaeee.com on 2026-01-29 |

[ DOI: 10.61186/jiaeee.22.1.91 ]

Journal of Iranian Association of Electrical and Electronics Engineers

Vol. 22 No. 1, 2025
DOI: 10.61186/jiacee.22.1.116

Design of an Optical Biosensor based on 2-D Photonic
Crystal Structure for Diagnosis of Anemia and Acute
Kidney Injury

Esmat Rafiee !

! Assistant Professor, Department of Electrical Engineering, Faculty of Engineering, Alzahra university, Tehran, Iran
e.rafiee@alzahra.ac.ir

Abstract:

In this research, a biosensor based on 2-D photonic crystals is proposed. The presented structure is made of 25*20 Si
rods in the air background. Photonic bandgap and field distribution spectra are extracted considering plane wave
expansion (PWE) and FDTD methods, respectively. After applying the incident signal, light wave would be propagated
along the waveguide and would be transferred to outputs 1 or 2 regarding the resonant wavelength. Output 1 is
considered for detection of hemoglobin concentrations in blood samples with Q-factor: (140-168), sensitivity:
1745nm/RIU, FOM: (166.1-190.7) RIU"!, and detection limit (DL): (5.2e-4 — 6.01e-4) RIU. Output 2 can also be
considered for detection of creatinine concentrations in blood samples with Q-factor: (130.4-137.76), sensitivity:
1435.8nm/RIU, FOM: (110.8-126.74) RIU"!, and detection limit (DL): (7.8-4 — 8.86e-4) RIU. Considering the obtained
results, physicians can diagnose anemia and acute kidney injuries in early stages and with high precisions. Finally, the
proposed biosensor can be a remarkable candidate for detection of hemoglobin and creatinine in optical integrated
circuits.
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1. Motivation of the work

Optical nano structures have been extensively
investigated by many researchers in various biomedical
applications due to their fabulous specifications. Human
health-related systems (machines and devices) are
leaning toward optical nano structures like all other
aspects of life [1]. Therefore, biosensors as important
parts of these systems need to be considered in the
appropriate optical shapes, materials and dimensions. As
known, anemia and acute kidney injuries are vital
diseases which can threaten people lives if not diagnosed
properly. On the other hand, if they are diagnosed in
early stages, treatment processes could be basically
effective [2]. Therefore, finding non-invasive approaches
for diagnosis of hemoglobin and creatinine
concentrations is of great importance. Optical based
structures can help detect hemoglobin and creatinine
concentrations with very high precisions. Photonic
crystals are easy fabricated, integrable, applicable, high
speed and low-cost structures which can be utilized in
designation of biosensor devices [3]. In this work,
photonic crystal rods (linear rods with different radii)
were considered for designation of biosensors with
remarkable results.

2. Contributions

Improving bio-sensing factors like sensitivity, quality
factor (Q-factor), figure of merit (FOM) and detection
limit (DL) are of great importance. Presented photonic
crystal-based structure with linear defect rods (operating
as confining rods) can help filter specific wavelengths in
each output port (ports 1 or 2). Therefore, concentrations
of hemoglobin and creatinine can be detected with very
high sensitivities, Q-factors and FOMs compared with
previous researches. Very low DL amounts can also be
obtained.

3. Procedures

Proposed biosensor is based on 25*20 silicon rods in the
medium made of air. In the designed structure, only
linear rods are considered for facilitating the designation,
analysis and fabrication processes. In order to have
appropriate functionalities, line (omitting some rods) and
point defects (rods with different radii) are applied to the
structure.

Dark blue and black rods in Figure 1 operate as the
confining sensing medium (these rods are in contact with
the trapped light wave and can reflect specific
wavelengths, leading to the detection process). Dark red
rods would also function as the coupling rods; guiding
the input signal to outputs 1 or 2.
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Fig. 1. The presented 2-D photonic crystal-based
biosensor

4. Findings
After designing the structure, PBG diagram would be

extracted (shown in Figure 2).
TE/TM Band Structure

Fig. 2. PBG diagram of the proposed structure.

By applying signal with A=1500nm, field distribution at
outputl can be depicted in Figure. 3.
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Fig. 3. View of field distribution at A=1500nm
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As shown in Figure 3, (at A=1500nm), high amounts of
incident light wave were propagated along the structure
and eventually transferred to outputl. Therefore,
designed structure at this wavelength can be applicable in
optical-based configurations. For this purpose (optical
applications), different concertation of hemoglobin in
blood would be considered as the analyte. Transmission-
wavelength diagram regarding hemoglobin
concentrations (which are introduced by their Ris) can be
found in Figure 4.
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Fig. 4. Transmission spectrum versus wavelength for
different hemoglobin concentrations

In another case, by applying signal with A=1650nm, field
distribution at output2 can be shown in Figure 5.
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Fig. S. View of field distribution at A=1650nm

As can be seen in Figure 5, (at A=1650nm), high amounts
of input signal were transmitted to output2. Therefore,
designed structure at this wavelength can be applied for
optical-based configurations. For this purpose (optical
applications), different concertation of creatinine in blood
would be considered as the analyte. Transmission-
wavelength diagram regarding creatinine concentrations
(which are introduced by their Ris) can be found in
Figure 6.
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Fig. 6. Transmission spectrum versus wavelength for
different creatinine concentrations
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5. Conclusion

In this article, an efficient biosensor based on 2-D
photonic crystals for detection of biological elements was
designed. Structure was made of 25*20 silicon rods in air
medium. PBG and field diagrams were obtained through
PWE and FDTD techniques. Proposed biosensor was
designed for diagnosing amounts of hemoglobin and
creatinine in blood. Remarkable biosensing factors of
(Q): (140-168), sensitivity (S): 1745nm/RIU, detection
limit (DL): (5.2e-4 —6.01e-4) RIU and figure of merit
(FOM): (166.1-190.7) RIU-1 were calculated for
hemoglobin. (Q): (130.4-137.76), (S): 1435.8nm/RIU,
(DL): (7.8e-4 —8.86e-4) RIU and (FOM): (110.8-126.74)
RIU-1 were also obtained for creatinine. The designed
biosensor (referring to calculated factors) would be a
considerable option for optical sensing application in
OICs.
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