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Abstract: In this work, we have evaluated the biosensing capability of the porous silicon (PSi) based 
sidewall Bragg-grating resonator. The approximation of the quasi-TE mode full vector for the 
eigenmode calculation is performed using a full vector mode solver. The transmission spectra of the 
device are evaluated using the transfer matrix method. We have observed a shift in the resonant band 
for a change in the refractive index of biomaterial in the upper cladding region. The theoretical value 
of the bulk sensitivity is calculated to be 387.48 nm/RIU. The device is suitable for biosensing 
application due to its ability of interacting signal with the infiltrated analytes in the PSi waveguide 
core. 
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1. Introduction 

The advancement in the photonic field enables 

the development of compact, precise, and sensitive 

device for biosensing applications. So far, several 

sensors are developed for medical-diagnostics, 

healthcare monitoring, and drug development. 

Well-known advantages of photonic-based sensors 

are their inherent capability of providing the 

immunity to the electromagnetic interference and 

ease-of-multiplexing for simultaneous detection of 

the biomolecules [1]. The photonic biosensors for 

biosensing applications can be of two types, 

fluorescent and label-free based detectors. The 

fluorescent technique uses a conventional method of 

providing the radioactive tag to the targeted 

biomolecule for their detection [2]. Whereas 

referring to the label-free approach, the target 

molecule is detected by attaching biomolecules to 

the specific bioreceptor on the surface of the 

biosensor. The attached molecule alters the 

refractive index of the surface layer that changes the 

optical characteristics of the propagated signal [1‒3]. 

In the last decade, several label-free biosensors 

based on the ring resonators, Bragg-grating 

resonators, slot waveguide, photonic crystal cavities, 

interferometer, and surface-plasmon-resonance were 

developed [3‒12]. Most of these sensors utilize the 

planar strip and rib waveguide for device 

configuration that makes use of the evanescent field 
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for detection. Since only small proportion of the 

evanescent field propagates on the surface of the 

waveguide, the interaction between the field and 

biomaterial (analyte) is very low. Recently, many 

researchers have reported the use of porous material 

for a waveguide segment that can be an alternative 

approached for making a highly sensitive biosensor 

[13, 14]. Due to the porous nature, a small analyte 

that is present on the surface can infiltrate in the 

material and increase interactions with the 

propagating field [12]. For a photonic biosensor, the 

porous silicon (PSi) is a preferred material because 

of the advantages like ease of fabrication using the 

existing CMOS technology, adaptable geometric 

plausibility, large surface area (> 100m2
 /cm3), and 

existing surface functionalization science for analyte 

binding event [13]. 

The PSi is obtained through the electrochemical 

etching of the bulk silicon. Accordingly, the 

concentrated current density modulates the pores 

dimension of the material that modifies its refractive 

index. The value of the refractive index is inversely 

proportional to the dimension of the porosity, and 

the infiltration of the biomaterial is present in the 

pores. The sensitivity of the PSi resonant biosensor 

is 30% ‒ 50% more than that of a conventional strip 

waveguide based devices [15]. Until now, several 

PSi biosensors based on the multilayer 

Bragg-reflector [15], microcavities [16], waveguides 

[17], and Bloch-surface-waves [18] have been 

proposed. In this work, we have performed the 

theoretical study for the PSi-based sidewall-grating 

resonator for a biosensing application. The 

combined effect of the PSi material and resonator 

structure for a highly sensitive device is investigated. 

In this work, we have used a strip waveguide, and 

modal analysis is performed for the variation of 

biomaterial on porous silicon for identifying the 

change in the effective refractive index. The 

advantage of the proposed sensor is its planar 

structure. The bends in other resonating devices such 

as the ring resonator or disk resonator is 

accompanied by the additional bending losses and 

requires a larger surface area in the substrate [5, 7]. 

Moreover, a planar strip waveguide in the structure 

is used that requires only single etching process for a 

fabrication purposes; hence, it significantly reduces 

the complexity incurred by the multilayer Bragg 

filters [15]. 

2. Effective refractive index approximation 
of PSi 

The refractive index of the porous silicon lies in 

between 1 and 3.45 depending on the size of the 

pores and the infiltrated material. The literature 

thoroughly covers and provides several dielectric 

functions such as Maxwell-garnet (MG), Looyenga 

Landau-Lifshitz (LLL), Bergman’s, and Bruggeman 

model [14, 19] to predict the theoretical values of 

the refractive index of the PSi. The MG model is 

suitable when the porosity is less than 15%, and the 

evaluation considers the calculation of the 

polarization vector of the assumed sphere in the PSi 

material. The LLL model implements an averaging 

for dielectric function. Bergman’s model is the most 

complex of all, which considers the dielectric 

constants, volume fraction, orientation, and 

geometry of the molecules. The most   

conventional model used in the literature is the 

Bruggeman’s model that is suitable for the  

porosity range of 0.32 to 0.66 [14]. It is an  

extension of the MG model wherein, and it    

considers both air and silicon molecules between the 

spheres. 

Bruggeman’s dielectric function considers the 

fraction of the analytes, which will be able to 

penetrate inside the pores for an evaluation of the 

refractive index. The presence of highly hydraulic 

resistance between the analyte and the sidewalls of 

pores refrains the flow of analytes in the pores, so 

that it can be partially filled. The analytical model 

for computing refractive index in the near infrared 
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range is given as [19] 
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where p is porosity, nsi, np, nair, and nanalyte are the 

refractive indices of bulk silicon, PSi, air, and 

analyte, and V is the fraction of analyte in the pores. 

In the present work, we have assumed the porosity p 

= 50% (suitable for the analyte size of 1 nm ‒ 10 nm), 

where the refractive index of bulk silicon (nSi) and 

air (nair) are 3.45 and 1, respectively. For finding the 

change in the refractive index of the porous silicon, 

we have considered three biomaterials which are 

blood plasma (nanalyte = 1.35), hemoglobin (nanalyte = 

1.38), and biotin-streptavidin (nanalyte = 1.45) [10]. 

The value of the refractive index of the PSi for 

blood plasma, hemoglobin, and biotin-streptavidin is 

plotted in Fig. 1(a). For analysis, we have considered 

the value of the refractive index of the PSi for V = 

60% due to its suitability for an approximation of 

the analyte size. 
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Fig. 1 Modal analysis of waveguide showing (a) variation in the refractive index of the PSi for p = 50% for a change in analyte fill 
fraction “V”, (b) crossectional view, and (c) mode confinement in the strip waveguide.

3. PSi-based sidewall Bragg-grating 
biosensor 

Figure 1(b) represents the cross-sectional view 

of the strip waveguide. The fundamental quasi-TE 

mode [Fig. 1(c)] is calculated from the solution of 

modal analysis performed by utilizing the 

2-dimensional (2D) full-vector based eigenmode 

method. The effective refractive index (neff) of the 
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PSi is less than that of the bulk silicon that decreases 

the confinement of the signal in the core of a 

waveguide. The presence of the signal outside the 

core increases the signal matter interaction. 

However, here in this work, it is aimed to design a 

planar sidewall grating, so for that, a higher value of 

the neff is required [6]. The higher value of the neff is 

the result of an optimization performed by 

considering the waveguide width and height. The 

width and height of the core are 520 nm and 600 nm, 

respectively. 

Bragg-grating resonators are commonly used for 

sensing applications. Figure 2 shows the schematic 

of the proposed biosensor. The modulation of the 

effective refractive index accomplished by altering 

the waveguide width results in the stop band in the 

transmission spectrum. The stop band centering at 

the Bragg wavelength is given as eff=2B nλ Λ⋅ ⋅ , 

where Λ  is the grating period, and neff is the 

effective refractive index. With the aid of an 

insertion of the additional phase-shift cavity in the 

periodic structure [Fig. 2(b)], the narrow band is 

confined into a cavity region, thus a modified the 

transmission spectrum is expected by providing a 

sharp resonant peak at the center of the stop band. 

The evaluation of the transmission spectra has 

utilized the transfer matrix method in [6]. The 

microfluidic system for the transporting biomaterial 

to the device is present on the upper surface of the 

device that also acts as an upper cladding. The 

tunable light is coupled to the waveguide at one end, 

and the output signal is collected at the other end for 

the spectral analysis. 

The parameters of the proposed device are the 

period of the grating (Λ = 600 nm), the corrugation 

depth (ΔW = 20 nm), the number of gratings (N = 

120), and the cavity-length (Λc = 600 nm). Figure 3 

represents the transmission spectra for a considered 

biomaterial. The binding event into the specified 

biomaterials causes a shift in a resonant band. The 

biosensing parameter can be considered to reflect 

the sensitivity (S = Δλ / Δnanalyte) that is evaluated 

through a calculation of a shift in the resonant 

wavelength for a change in the refractive index of a 

biomaterial. 
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Fig. 2 Schematic of the Bragg-grating device: (a) without 
cavity and (b) with cavity (Λc). 

According to Fig. 3, it is observed that the value 

of transmissivity of the resonant peak reduces for 

the change in the refractive index of the PSi for a 

variation of the biomaterial. The change in the 

biomaterial causes a decrease in the refractive index 

contrast between the core and the cladding material 

that results in the decrement of the confinement of 

the mode in the waveguide and the cavity. Figure 4 

represents the linear behavior of the device, hence 

the calculated value of the sensitivity (Δλ / Δnbiomaterial) 

is 387.48 nm/RIU. 

The performance characteristics of some similar 

biosensors are compared in Table 1. The sensitivity 
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comparison signifies the sure advantage of using the 

proposed configuration. 
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Fig. 3 Transmission spectra of the biosensor for (a) blood 
plasma, (b) hemoglobin, and (c) biotin-streptavidin. 
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Fig. 4 Variation of the resonant wavelength for a change in 

the refractive index of the biomaterial. 

Table 1 Sensitivity comparison of various biosensors. 

Refractive index of the sensor Sensitivity (nm/RIU) 

Ref. [9] 65.7 

Ref. [6] 291.93 

Ref. [20] 322.96 

Proposed sensor 387.48 

4. Conclusions 

This work is an illustration of the PSi-based 

sidewall Bragg-grating resonator to act as a 

refractive index biosensor. The detection is 

performed by observing the shift in the resonant 

band for a change in the refractive index of the 

upper cladding region. The PSi waveguide is 

designed to operate for the quasi-TE mode, and the 

confinement of the signal is dependent on the 

refractive index of the core material. The variation 

in the refractive index of the PSi by the porosity and 

fluid fraction in pores is also evaluated. The spectral 

characteristics of the device are studied through the 

transfer matrix method. The designed sensor 

exhibits a bulk sensitivity of 387.48 nm/RIU. Hence, 
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from this work, it is deemed that the device is 

suitable for biosensing applications. 
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