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Theory/ calculation 

The transfer matrix was used to calculate the theoretical reflection, transmission, and absorption 
spectra of PS and porous Si-SiO₂ microcavities filters. The transfer matrix is very well-known [1]; it 
can be resolved for N numbers of layers, and it can be written as ൬Mଵଵ Mଶଵ Mଵଶ Mଶଶ൰ = D଴ି ଵൣ∏ D୪P୪D୪ି ଵ୒୪ୀଵ ൧Dୱ        (1) 

Where Mଵଵ , Mଵଶ , Mଶଵ ,  Mଶଶ  are matrix elements; they are fundamental to describe how 
electromagnetic radiation propagates through a periodic medium; D୪ is the dynamical matrix of PS, D଴  is the dynamical matrix of air and Dୱ  is the dynamical matrix of the substrate and P୪  is the 
propagation matrix. In these simulations, complex dielectric constants (refractive index and 
extinction coefficients) of PS were taken into account.  

The effective medium approximation Maxwell-Garnett was applied to calculate the effective 
dielectric constant (refractive index and extinction coefficient) of PS layers. From Maxwell-Garnett, 
knowing the volume fraction of Si and void, the effective dielectric constant of PS layers was deduced. 
The equation for two mediums is expressed as follows: கౌ౏ିக౏౟கౌ౏ାக౏౟ = P க౗౟౨ିக౏౟க౗౟౨ାக౏౟                       (2) 

Where P (porosity) is the air fraction of the non-oxidized PS layers, εୟ୧୰ is the dielectric constant 
of the air; εୗ୧ is the dielectric constant of Si, and ε୔ୗ represents the effective dielectric constant of PS. 

The effective dielectric constant of porous Si-SiO₂ layers was obtained using a model proposed 
by J. E. Lugo. The three components model (Si, SiO₂, and air) takes into account the presence of SiO₂  
and its network expansion that occurs within the PS structure, due to the increase of SiO₂  in the 
porous matrix of SP [2].  

The refractive index for the three components can be obtained using the following equation: கౌ౏ିக౏౟கౌ౏ାக౏౟ = P∗ கభ∗ ିகయ∗கభ∗ ାகయ∗                       (3) 

Where εଵ∗  and εଷ∗  contain the dielectric constant values of silicon dioxide (SiO₂) and air, P∗ =୔౥౮ஒ  and P୭୶ is the porosity after the dry oxidation. 

The parameter β is represented by: β = ቂଵି଴.ହହ୶ଵା଴.ସହ୶ቃଶ
,                        (4) 

where x is a dimensionless oxidation parameter. 
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The constants 0.55 and 0.45 in equation (4) are related to oxide growth in Si. Therefore, an oxide 
layer grows 55% above the Si wafer surface and 45 % below the original surface. 

The porosity for a system of three components can be calculated as P୭୶ = Pሾ1 − 0.55xሿଶ                  (5) 
Hence the Si is consumed as the oxide grows, and a volume expansion occurs during oxidation 

[3]. We can obtain the oxide fraction (f୭୶) after dry oxidation as f୭୶ = Pሾ2x − 0.1xଶሿ                  (6) 
Therefore, the Si fraction fୗ୧ can be calculated using the following equation: fୗ୧ = 1 − P୭୶ − f୭୶                   (7) 
These models consider a homogeneous medium with an effective complex dielectric function. 
We used the dispersion relation to obtain the theoretical photonic band structure of the PS 

microcavities filters; it has been linked to the matrix elements, and it can be written as  K(β, ω) = ଵୢ cosିଵ ቂଵଶ (Mଵଵ + Mଶଶ)ቃ    (8) 
In this equation, K is the Bloch wave number, β is the off-axis wave vector component, d is the 

spatial period that equals the addition of individual thicknesses, and ω  is the frequency. The 
formation of forbidden bands where the propagation of photons is not allowed is produced by the 
periodic variation of PS dielectric constants. The most common example of the photonic bandgap 
structures is BRFs. A microcavity has one or more photonic states where the photons can be localized 
in the defect region at some frequency and energy. Photonic modes are classified as defects or 
localized modes and extended modes [4]. We have taken the absolute value of the refractive index 
and its wavelength average within the whole experimental spectral range for PBG structure 
calculations; it was necessary because this theory does not apply to materials that present wavelength 
dispersion.  

To find the theoretical frequency of a localized mode inside the bandgap, we use the method of 
the optical transfer matrix (OTM) [4]. It is closely related to the transference matrix method, and it 
directly allows the description of the connection between adjacent regions by continuity conditions 
at the endpoints. It can be calculated at separate regions, so the optical properties of BRFs with N 
periods and a defect are determined by considering a superposition of a right-traveling plane wave 
and a left-traveling plane wave. 

Thus, the function γ୒ = ୑భభି୑మభ ୑మమି୑భమ  relates to the matrix elements. It has a relationship to the 

function κ(ω), which depends on the frequency; and it can be written as:  κ(ω) = kୢIm ቀଵାஓొଵିஓొቁ,                           (9) 

where kୢ is the z component of the wavevector for the first layer (defect layer), where the z-axe 
is taken along the normal direction to the layers (Figure 1). We can obtain the variation of the localized 
mode frequencies for an antisymmetric or symmetric state. In the antisymmetric case these 
frequencies can be expressed as:  h(ω) = −kୢcot (kୢL) for antisymmetric states (10) 

Here L is the half-length of the defect layer, and kୢ is the z component of the wavevector as it 
was mentioned before. We consider only the antisymmetric case because our microcavity design is 
antisymmetric and the condition where the functions κ(ω) and h(ω) intersect gives the localized 
mode frequency. For the localized mode calculation, we used the wavelength average of the complex 
refractive index absolute value.  

We used the Beer-Lambert law to get the MCs experimental absorbance spectrum on quartz 
substrates; this equation can be expressed as A = 2 − logଵ଴ 1/T                            (11) 

Where A is the absorbance, and T represents the transmission.  This equation is related to the 
light intensity that passes through the microcavity[5], where part of the light is either absorbed or 
transmitted. 
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