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Abstract—In this work, we demonstrate the transducing 
ability of lateral porous silicon membranes (LPSi) using optical 
interferometry. To this aim, we carry out Fourier-transform 
infrared spectroscopy measurements using a microscope 
equipped with an appropriate objective in order to overcome 
the difficulty to obtain interference signal from LPSi 
membranes with small dimensions. Reflectance spectra are 
recorded while filling the membrane with various solvents and 
their analysis provide estimations of the effective optical 
thicknesses and the resulting index of refraction of the fillers in 
the NIR range. The results show that the various solvents can 
appropriately be identified and discriminated through the 
derived refractive indices, thus providing a proof-of-concept of 
the LPSi interferometric transducer. 

Keywords—porous silicon; interferometry; lab on a chip; 
biosensor 

I. INTRODUCTION 
Sample analysis usually involves the detection of a 

specific biochemical compound. This is achieved by 
transducing a biological recognition event into a measurable 
and quantifiable signal. Common signal transducers include 
electrical, electrochemical, optical, mechanical, and thermal 
sensors. The optical sensing scheme enables to probe 
surfaces and films in a nondestructive manner; it offers 
advantages in speed, sensitivity, and robustness, as well as 
permitting in situ sensing and real-time measurements. Out 
of the various materials available to constitute optical-based 
biosensors, porous silicon has high surface area, convenient 
surface chemistry, and has been widely studied in 
interferometric sensing configuration [1]. 

Porous silicon-based interferometric sensors and 
biosensors consist of vertical porous silicon layers created 
into a silicon wafer where the pores are oriented 
perpendicular to the wafer surface [2]. Vertical porous 
silicon is most often created by silicon anodization. For 
biosensing purpose, the surface of the porous silicon is 
modified with biomolecules. Reflection of white light at the 
top and bottom of the porous silicon layer results in an 
interference pattern (Fabry-Pérot fringes) that depends on the 
refractive index of the porous silicon matrix. Interactions of 
molecular species with their recognition partners 
immobilized onto the porous silicon surface induce a change 
in the refractive index of the porous layer, giving rise to a 
wavelength shift in the fringe pattern. 

It is possible to carry out biosensing using porous silicon 
via optical measurement through a fluidic cell, as 
demonstrated by works where vertical porous silicon is 
integrated into microfluidics for real-time detection [3]. 
These structures have been vastly studied for biosensing of 
various elements, e.g. DNA, protein, enzyme activity and 
bacteria [4]. 

In a previous work [5], we have developed a unique 
process to fabricate porous silicon membranes with lateral 
pores, i.e. with horizontal as opposed to above described 
vertical pores, and integrate them into planar fluidic 
channels. While the use of porous layers with vertical pores 
for biosensing in two-dimensional microfluidics results in 
flow-over (FO) sensing configurations, porous silicon 
membranes with lateral pores enable liquid to flow through 
(FT) (Figure 1). Theoretical works have shown that, with 
similar sensor footprints, flow-through (FT) sensor offers up 
to 20-fold improvement in response time [6]. Besides, the 
experimental comparison between FO and FT sensors, later 
investigated using porous silicon microcavities and free-
standing membranes [7], revealed some issues encountered 
with FO sensors where analytes or contaminants can be 
trapped within the closed-ended pores. Thus, following our 
previous results on fabricated lateral porous silicon (LPSi) 
membranes, the aim of the present work is to demonstrate the 
sensing ability of lateral porous silicon via interferometric 
measurements to offer solutions for future on-chip flow-
through biosensors. 

 

 
 

Fig. 1. Two interferometric sensing configurations with porous silicon: (a) 
a typical flow-over configuration (FO) with a surface-based sensor within a 
microfluidic channel, (b) a flow-through configuration (FT) with an array 
of lateral nanopore tubes adequately connecting both microchannels. 

 



II. MATERIALS AND METHODS 
Optical measurements were performed on a VERTEX 70 

Fourier Transform Infra-Red spectrometer (FTIR) (Bruker 
Optics) equipped with a tungsten light source, a Quartz beam 
splitter (T502) and a Si-diode detector (SiD 510), which 
were used to cover a spectral range from 600 to 1100 nm. 
The spectrometer was connected to a HYPERION 
microscope stage holding various objectives and apertures. A 
36× objective was used for localized measurements. 

Microfluidic chips bearing lateral porous silicon 
membranes were fabricated following the process described 
in [5]. Each 1.6 cm×1.6 cm microfluidic chip integrated two 
5 µm deep microchannels separated by a 10 µm thick and ~4 
µm high porous silicon membrane with average porous 
diameter of ~15 nm. The porous membrane was obtained 
through silicon anodization at 200 mA cm-2 during 1 min. 
The porous silicon chip was loaded into a sample holder 
which was subsequently fixed on the microscope stage 
(Figure 2). The sample holder was connected to a 4-channel 
reservoir (FLUIWELLTM, Fluigent) with pressure sources 
(MFCS-8C, Fluigent) to control the fluid flow inside the 
chip. 

Various solvents loaded in the reservoir were pumped 
into the microchannels and subsequently pushed through the 
LPSi membrane via positive pressure to ensure the full 
infiltration of the analyte into the membrane. The 
observation window was downsized to a rectangular area 
with dimensions of 10 × 100 µm2 using adjustable x- and y-
apertures. This window size was chosen so as to only 
observe the 10 × 250 µm2 LPSi membrane. Reflectance data 
acquisition was carried out with a spectral resolution of 4 
cm−1. In order to test the interferometric transduction 
capability of the LPSi membranes, three kinds of solvents 
(water, ethanol, acetone) were tested. It is important to note 
that, prior to the measurements, a reference spectrum was 
taken onto a gold mirror using the same experimental 
conditions (i.e. sample stage height and observation window 
size). Besides, before injecting test solutions, the chip was 
exposed to oxygen plasma in order to increase the wettability 
of the microchannels and the nanopores. 

 

 

Fig. 2. Experimental setup for microscale analysis and fluid-managing 
system used for optical detection. 

 

III. RESULTS AND DISCUSSIONS 

A. Validation of Optical Transduction 
The relationship between the optical path length 2nLcosθ, 

also referred to as the effective optical thickness (EOT), and 
the Fabry-Pérot fringes [8] is: 

  (1) 

Where, n and L are the refractive index and the thickness 
of the PSi layer, θ is the incident angle of the light at the 
PSi/Si interface, m is an integer corresponding to the spectral 
order of the fringe and λmax is the wavelength of the fringe 
maximum. 

Since the refractive index of porous silicon membranes 
depends on the pore-filling medium, we have tested the 
ability of our platform to detect a change of refractive index 
through the effective optical thickness by loading the 
membranes with liquids of various optical properties. 
Evaporable solvents (water, ethanol and acetone) were tested 
according to the procedure described in section II. Figure 3 
presents the resulting reflectance spectra. Compared to 
empty and dried porous silicon, the presence of all three 
liquids clearly led to a red shift of the spectrum 
corresponding to an increase in refractive index. The 
wavelength shifts from bare porous silicon are in the 
following order: water (n~1.328) < acetone ≈  ethanol 
(n~1.35). 

 

Fig. 3. Experimental reflectance spectra of a LPSi membrane filled with 
different solvents: water, acetone, and ethanol. The spectrum marked as air 
means that no liquid fills the pores. 

B. Analysis of Reflectance Spectra 
We have analyzed the Fabry-Pérot fringes by means of 

two methods in order to derive the measured effective optical 
thickness. 

First, we have plotted the spectral order of each fringe 
(peak number) as a function of frequency, as shown in Figure 
4, where the slope of the linear fit equals the effective optical 
thickness 2nLcosθ [9]. Since the membrane thickness (L) can 
be measured by SEM and θ is given by the numerical 
aperture of the objective, we can derive an experimental 
value for the refractive index. 



 

Fig. 4. Fringe number as a function of corresponding spatial frequency. 
The inset shows the spectrum replotted in frequency unit and the peaks of 
the interference pattern corresponding to successive peak number. 

The spectrum analysis was also carried out by 
Reflectometric Interference Fourier Transform Spectroscopy 
(RIFTS) [9]. This method computes the frequency spectrum 
of an input waveform by fast Fourier transform, yielding a 
peak whose position along the x-axis corresponds to the 
effective optical thickness. 

The theoretical refractive index of the porous silicon 
layer can be estimated by Bruggeman Effective Medium 
Model: 

  (2) 

Where P is the porosity of porous silicon (40% in the 
case of the fabricated LPSi membranes), nfill is the refractive 
index of the medium filling the pores, nskeleton is the refractive 
index of the porous material (i.e. the refractive index of 
silicon, 3.673 [10]) and nlayer is the refractive index of the 
composite porous silicon. 

TABLE I.  EXPERIMENTAL AND THEORETICAL INDICES OF 
REFRACTION OF LATERAL POROUS SILICON MEMBRANES FILLED WITH 

VARIOUS SOVENTS 

 
Table 1 provides the refractive indices derived from the 

experimental methods and from theory. Since the dispersion 
of the index of refraction is fairly small in the wavelength 

range considered in this study [9], it was assumed constant 
for all solvents and the index of porous silicon as a function 
of filling solvent was obtained using values at 830 nm and 20 
°C [11]. Data show that values obtained from the 
experimental methods are in accordance with the theoretical 
ones. The composite refractive index (nlayer) is in order of air 
< water < acetone ≈ ethanol, which, indeed, corresponds to 
the shifts of measured interference patterns, thus 
demonstrating the possibility to discriminate the various 
solvents with lateral porous silicon. 

IV. CONCLUSION 
In this work, we have demonstrated the Fabry-Pérot 

interferometric transduction capability of lateral porous 
silicon membranes bridging microfluidic channels. The 
specificity and difficulty of our study is that the LPSi 
membranes exhibit small dimensions, which increases the 
difficulty to obtain exploitable interference signals. 
Nevertheless, this issue was overcome by optimizing the 
experimental setup and the optical measurement conditions. 
We were able to identify the presence of solvents with 
different refractive index, thus providing a proof-of-concept 
of the LPSi interferometric transducer. 
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