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Abstract: Dengue, a mosquito-borne viral infection affecting 100–400 million people each year, is a 

serious global health threat, particularly in tropical and subtropical regions. In the absence of 

specific antiviral treatment, early and accurate detection is critical to effective disease management. 

In this article, we present a novel detection method approach using photonic crystals to identify 

dengue related changes in biological components like platelets, haemoglobin, and plasma. Through 

measuring refractive index and central wavelength shift analysis, this technique gives an extremely 

sensitive and precise detection mechanism. This proposed structure as a two-dimensional photonic 

crystal ring resonator demonstrates a Laurentian peak cavity with a high-quality factor, enabling a 

very high sensitivity of around 1800 nm/RIU with high diagnostic accuracy, highlighting its promise 

as a tool for combating dengue. 

Keywords: photonic crystal; dengue; cavity; optifdtd 

 

1. Introduction 

Dengue fever, an infection spread by mosquitoes and caused by the dengue virus (DENV), 

continues to pose a major threat to health across the globe in warm, humid areas. Each year, it affects 

between 100 and 400 million people, putting a huge strain on healthcare systems around the world 

[1]. The illness shows up in many different ways, from no symptoms at all or a mild fever to severe 

dengue. This serious form leads to leaky blood vessels, bleeding, and damage to organs, which can 

kill if not treated quickly [2]. Despite decades of research, there is no specific antiviral treatment for 

dengue, making early detection and accurate diagnosis critical to reducing morbidity and mortality 

[3,4]. 

Such traditional dengue diagnostic methods, such as enzyme-linked immunosorbent ELISA) [5] 

and polymerase chain reaction (PCR) [6] have drawbacks regarding expenditure, intricacy, and time-

to-outcomes, especially in resource-resultative settings [7]. These challenges led to the emergence of 

new diagnostic technologies that are fast and affordable. Among these, photonic crystal-based 

sensors have emerged as a promising tool for disease detection due to their ability to measure minute 

changes in the refractive index of biological samples [8,9]. 

For the early detection of dengue, this study proposes an innovative diagnostic technology using 

photonic crystals to analyse biological components such as infected platelets, haemoglobin, and 

plasma. The proposed model takes advantage of the unique optical properties of photonic crystals, 
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which have a Lorentzian peak cavity known by their symmetric, bell-shaped profile centred around 

a resonance frequency with a high-quality factor that allows for the precise measurement of changes 

in the refractive index and central wavelength shifts. These changes indicate dengue-related changes 

in biological samples, enabling highly sensitive and accurate detection [10]. The system achieves a 

sensitivity of approximately 1800 nm/RIU, this demonstrates its potential as a transformative tool for 

dengue diagnosis. 

A significant advancement in the field is the integration of photonic crystal-based sensors in 

dengue diagnostics [11]. This technology has the potential to improve patient outcomes, enhance 

disease surveillance, and reduce the global burden of dengue by providing rapid and accurate 

detection of dengue-related changes in blood components. However, challenges such as the need for 

precise manufacturing, calibration, and validation with clinical samples will need to be addressed to 

ensure its scalability and practical application in a variety of settings [12]. 

In this paper, we present the development, and evaluation of a photonic crystal based diagnostic 

system for dengue detection. It detects dengue-related changes in biological components such as 

infected platelets, haemoglobin, and plasma. with their refractive indices in the human body. To 

evaluate the band gap, quality factor, and power efficiency of the biosensor, mainly two important 

methods are used: Plane Wave Expansion method and FDTD method [13–17]. Here, we will detect 

the transmittance spectra of normal blood components haemoglobin, platelets, and plasma with 

respect to the infected blood components. 

The structure of the paper is as follows. In section 2, the structure and design that supports the 

proposed method with a detailed description of the design structure. After that, in section 3, an 

analysis of results is given, including Central wavelength shift according to refractive index, 

refractive index distribution, and normalized transmission for different wavelengths of platelets, 

haemoglobin, and plasma. Finally, section 4 is aimed to highlight the main conclusions. 

2. Structure and Design 

The sensor is formed by two-dimensional photonic crystal ring resonator coupled with two 

waveguides in order to detecting dengue fever virus in blood components. The structure is composed 

of circular silicon rods of 170 nm of radius hexagonally distributed in air wafer with a respected lattice 

constant of 540 nm. 

Figure 1 and 2 represent the design structure and the refractive index distribution respectively. 

 

Figure 1. design structure. 
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Figure 2. Refractive index distribution. 

3. Band Gap Calculation 

Both the transmission spectra and field distribution are obtained through the complementary 

roles of the Plane Wave Expansion (PWE) method and the OptiFDTD simulator from the Optiwave 

package, which is a finite-difference time-domain (FDTD) software based on the numerical solution 

of Maxwell’s equations. The PWE method is primarily used to calculate the band structure, allowing 

researchers to identify photonic bandgaps—frequency ranges where light cannot propagate. 

Afterward, the FDTD method is used to calculate the power transmission spectrum. The applied 

PWE method reveals two photonic bandgaps; the selected one lies between 1.04 µm and 1.33 µm, as 

shown in Figure 3. 

 

Figure 3. Bandgap range of the structure. 

4. Distribution Field 

The structure is surrounded by a Perfectly Matched Layer (PML), which serves as an absorbing 

boundary condition to truncate the computational domain and prevent back reflections from the 

boundaries [18]. 

The mesh size is taken Δx =Δy = 0.05µm where the maximum time step Δt is approximately: 

Δt≈1.67×10-16seconds. This value response to the Courant Stability Condition where: 

∆t ≤
1

C√
1

∆x2
+

1

∆y2

 ; 

c: Speed of light in the medium (for free space c≈3×108 m/s). 

The structure has been excited with a Gaussian pulse centred at 1.25909 µm with TE polarization 
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Figure 4 represents the distribution field at different simulation time showing: (a) The directional 

wave propagation before interaction, (b) significant energy localization within the cavity with high-

intensity regions, and (c) the structured interference pattern indicating resonance. 

The electric field of the bus waveguide is fully transferred to the circular ring cavity because it 

has been blocked by the four pillars in the middle of the structure where it has been coupled with the 

resonant cavity. Hence, the signal reaches the output port while some of it is reflected to the input, 

which reduces the output power (95%). 

 

Figure 4. Distribution field. 

5. Detection Mechanism 

In patients infected with dengue fever, the refractive index (RI) of blood components changes 

due to plasma leakage, haemoconcentration, and thrombocytopenia, which directly affect plasma, 

haemoglobin, and platelets. The typical refractive indices for healthy individuals and dengue-

infected patients are approximately: plasma – 1.337 (healthy) to 1.35 (infected), haemoglobin – 1.357 

to 1.36, and platelets – 1.39 to 1.4 [19]. 

The structure has been excited with a Gaussian pulse cantered at 1.25909 µm with TE 

polarization using a laser source and infiltrated with healthy and infected human blood components 

which are (platelets, haemoglobin, and plasma) 

After that using a spectrometer the transmission spectrum shift between healthy and infected 

blood components has been detected. Figure 5 explains the detection mechanism. 
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Figure 5. The detection mechanism. 

6. Results and Discussion 

The transmission spectrum shifts between infected and healthy components detected at the 

output using a photodetector appears as a symmetrical Lorentzian cavity with high quality factor 

reached 943.903. Due to the resonator shape which allow a strong localization of light and increases 

interaction between light and matter, the sensitivity has reached a highest-level of 1800 nm /RIU with 

haemoglobin detection. 

Figure 6 illustrates the transmission spectra of normal Blood platelets Vs. Infected blood platelets 

at refractive indices 1.337 and 1.35 respectively. The transmission peaks of normal and infected blood 

platelets are centred at wavelengths 2.02083µm and 2.0297.µm respectively. The corresponding 

efficiency of normal and infected blood platelets recorded as 95% and 93% respectively. 

 

Figure 6. Normalized transmission of infected and normal platelets. 

Figure 7 illustrates the transmission spectra of normal Blood Haemoglobin Vs. Infected blood 

Haemoglobin at refractive indices 1.357 and 1.36 respectively. The transmission peaks of normal and 

infected blood haemoglobin are centred at wavelengths 2.03437 µm and 2.03998 µm respectively. The 

output efficiency of normal and infected blood Haemoglobin recorded as 97% and 95% respectively. 
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Figure 7. Normalized transmission of infected and normal Haemoglobin. 

Figure 8 illustrates the transmission spectra of normal Plasma Vs. Infected plasma at refractive 

indices 1.39 and 1.4 respectively. The transmission peaks of normal and infected plasma are centred 

at wavelengths 2.05679 µm and 2.06427 µm respectively. The output efficiency of normal and infected 

RBC recorded as 95 % and 91 % respectively. 

 

Figure 8. Normalized transmission of infected and normal Plasma. 

Figure 9 illustrates the total normalized transmission of blood components (platelets, 

haemoglobin, and plasma) in normal and infected states across the infrared range ( 2.00 - 2.20 µm). 

Distinct transmission peaks between 2.02083 and 2.06427 µm. Infected samples exhibit spectral shifts 

and variations in intensity, suggesting molecular and structural changes due to infection. Notably, 

infected haemoglobin and platelets show stronger absorption, likely due to protein modifications or 

aggregation. These spectral differences highlight the potential of near-infrared spectroscopy as a 

diagnostic tool for detecting infections based on unique optical signatures. 
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Figure 9. Normalized transmission of infected and normal Plasma. 

Figure 10 represents the central wavelength shift according to the refractive index value. The 

curve consists of three straight lines where their inclination represents the sensitivity. The straight in 

the coloured area is considered the most inclined one and therefore the most sensitive; and this is 

confirmed by the highest bar in Figure 10. So, it can be said that this sensor is very sensitive in the 

refractive index range between 1.357 and 1.36. Which corresponds to haemoglobin refractive index 

detection. This makes it possible to apply this sensor to detect anaemia in the blood. 

Figure 11 shows a variable system sensitivity as a function of the refractive index, with a 

dominant peak at n = 1.36 (exceeding 1800 nm/RIU), indicating strong resonance. Other indices (1.35, 

1.39and1.40) exhibit lower sensitivities, while a lack of significant response is observed between 1.37 

and 1.38. This behaviour suggests system optimization for specific refractive indices, potentially 

useful in biosensing. However, such variability could pose a challenge for applications requiring a 

linear response. A deeper analysis of optical interactions would help explain these abrupt variations. 

 

Figure 10. Central wavelengths shift according to refractive index. 
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Figure 11. Rrefractive index distribution. 

Table 1 presents the sensitivity and quality factor (Q) of blood components in dengue cases for 

different refractive index values. The analysis highlights a strong variation in sensitivity, with a peak 

at n = 1.36 reaching 1870 mm/RIU. This value indicates a highly amplified sensor response at this 

refractive index, other refractive indices, such as n = 1.35 and n = 1.357, exhibit significantly lower 

sensitivities of 682.307mm/RIU and 667.142mm/RIU, respectively. Similarly, indices n = 1.39 and n = 1.4 

display lower sensitivities of 560.333mm/RIU and 748mm/RIU, suggesting a weaker sensor response 

for these values. The quality factor (Q), which represents the efficiency and sharpness of resonance, 

which is calculated as λ/∆λ (resonant wavelength/full width half maximum). It reaches its maximum 

at n = 1.357 with Q = 943.309, indicating a more defined resonance with lower energy losses. However, 

this does not correspond to the highest sensitivity, suggesting that the optimal balance between 

quality and sensitivity does not necessarily occur at the refractive index with the highest Q. This 

suggests optical sensor is particularly responsive at n = 1.36, which may correspond to a specific 

signature of blood components affected by dengue. 

Table 1. Sensitivity and Quality Factor according to the central wavelength and blood components refractive 

index are cited. 

Refractive Index Central Wavelength Q Sensitivity 

 µ   mm/RIU 

1.337 2.02083 902.004  

1.35 2.0297 905.229 682.307 

1.357 2.03437 943.309 667.142 

1.36 2.03998 938.226 1870 

1.39 2.05679 863.469 560.333 

1.4 2.06427 866.369 748 

To explain the sharp rise in sensitivity noted during haemoglobin sensing Figure 11 illustrates 

the normalized transmission spectrum of a coupled system consisting of three states: a discrete state, 

a coupled state, and a continuum state. The coupled state appears as a sharp, amplified peak around 

2.04 µm, indicating strong energy localization, while the continuum state exhibits a more gradual 

increase in transmission. That’s leads to the critical coupling resonator which occurs when all the 

light from the bus waveguide is coupled into the ring. Intuitively explained, the light incoming from 

the ring is just right to completely destructively interfere with the light in the input bus waveguide, 

causing all the light to couple into the resonator. The critical coupling resonator makes this resonance 
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highly sensitive to environmental changes, and this explains the sudden increase in sensitivity 

observed during haemoglobin detection [20]. 

 

Figure 12. Transmission spectrum of Coupled system. 

7. Conclusion 

In conclusion, the study presents a diagnostic technique using photonic crystal sensors to 

facilitate the early detection of dengue fever. This approach utilizes infected components such as 

platelets, haemoglobin, and plasma that incorporate changes in refractive index. Therefore, it 

achieves an unparalleled sensitivity of about 1800 nm/RIU making the detection of any changes 

related to the dengue virus swift and accurate. It has been shown that this sensor has a great 

sensitivity to haemoglobin compared to other components due to the critical coupling resonator at 

its refractive index, this opens the door to the possibility of applying it to detect anaemia in the blood. 
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