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BIOSENSORS AND BIOPHOTONICS AT IMM-NA 
 

Luca De Stefano, Giuseppe Coppola, Edoardo De Tommasi, Giuseppe Di Caprio, Emanuele 
Orabona, Ilaria Rea, and Ivo Rendina  

Institute for Microelectronic and Microsystems-Unit of Naples, National Council of Research, Naples, Italy 
 
 

Abstract 
 
Biosensors and biophotonics are hot topics in European current technological development, due to 
the innovative contents and the huge possibilities of device applications ranging from basic sciences 
to industrial and everyday life products. In our institute we have engaged for many years in several 
topics concerning both biosensors and biophotonics. In this communication, we will review the 
main results achieved in each of this topic. 
 
Porous silicon based micro-optical systems 
Porous Silicon (PSi) is an almost ideal material as a transducer due to its porous structure with 
hydrogen terminated surface, having a specific area of the order of 200 – 500 m2 cm-3, so that a very 
effective interaction with several adsorbates is ensured. Moreover, PSi is an available and low cost 
material, completely compatible with standard micromachining techniques. The PSi is fabricated by 
the electrochemical etching of a silicon wafer in a hydrofluoridic acid solution. Since this 
fabrication process is self-stopping, it is possible to realise vertical structures having layers with 
different porosities and hence different refractive indexes. These devices exhibit peculiar responses: 
from the single layer, which optically acts as a Fabry-Perot interferometer, to several kind of 
multilayers such as Bragg reflectors or microcavities. PSi optical sensors are based on changes of 
reflectivity on exposure to the target analytes which could penetrate in the spongy structure and 
replace the air into the PSi pores. To give selectivity to the PSi optical sensor, it is possible to link 
on its surface the biological probes by a proper passivation process. In Figure 1 we have 
summarised the fabrication flow chart of a PSi biosensor starting from the as-etched material, which 
is the transducer element, to the sensing device after the optical structuring and the derivatization 
process. 
  

 

Porous silicon base devices, 
single or in microarrays, have 
been used as label-free optical 
sensors for monitoring 
protein-protein, protein-
ligand, DNA-DNA 
interactions. 
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Biophotonics in marine diatoms 
The diatoms are aquatic unicellular organisms, showing naturally evolved complex nanostructures. 
In these micro algae, the organic matter, the protoplasts, is enclosed in a hydrated amorphous silica 
cell wall, called the frustule. Diatoms are usually grouped on the basis of the frustule symmetry: 
centric diatoms, which have a circular symmetry, and pennate diatoms, which are bilaterally 
symmetrical. Anyway, as a matter of fact, the shape and the size of frustules are extremely different 
among the 100.00 and more species of existing diatoms: they can be circular, oval, stick-shaped, 
star like, and so on, and range in dimensions from micrometres up to one millimetre. Valve surfaces 
exhibit specie-specific patterns of regular arrays of chambers, called areolae, developed into the 
frustule depth. Areolae range in diameter from few hundreds of nanometers up to few microns, and 
can be circular, polygonal or elongate. In addition, they are internally or externally occluded by 
cribra, which are thin, silica laminas pierced by pores ranging in diameter few nanometers. We have 
use these frustules as optical components and optical transducers for biomolecular interactions. 
 
Digital Holography 
Today, Digital Holography, in which an holographic interference pattern is digitally sampled by a 
CCD camera and the image numerically reconstructed by applying results from diffraction theory,  
offers a number of significant advantages, such as the ability to acquire images rapidly, the 
availability of both amplitude and the phase information, and the versatility of the processing 
techniques that can be applied to the complex field data acquired. In addition, advances in digital 
imaging devices, such as the CCD and CMOS cameras, and in computational and data storage 
capacities, have been central to realize real-time processing applications. Starting from these 
considerations, we have used microscope objectives in various interferometers to  obtain high-
fidelity and resolution images of biological specimens. In particular, the phase information, that is 
directly available by Digital Holography, has been used to obtain a direct observation and an 
accurate quantitative interpretation of morphological changes in transparent microscopic biological 
specimens. In particular, we have employed Digital Holography to obtain quantitative analysis of 
bovine sperm. The estimated information, about the dimensional and morphological parameters of 
animal sperm, and the user-friendly format of the results prospect the Digital Holography as an 
adequate technique for prognostic fertilization based on morphological analysis, in zootechnical 
industry. 
 
REFERENCES 
1.  L. De Stefano, I. Rendina, L. Moretti, A.M. Rossi, Sensor and Actuators B, 100, 168-172, 2004.  
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3.  L. De Stefano, L. Rotiroti, I. Rea, I. Rendina, P. Arcari, A. Lamberti, C. Sanges, Sensors 2007, 7, 214-221. IF=1.870 
4.  S. Lettieri, A. Setaro, L. De Stefano, M. De Stefano, P. Maddalena, Adv. Funct. Mater. 2008, 18, 1257–1264 

IF=6.808 
5.  L. De Stefano, I. Rea, P. Giardina, A. Armenante, I. Rendina, Adv. Mat. 2008, 20 (8), pp. 1529-1533. 
6.  L. De Stefano, L. Rotiroti, A. Lamberti, S. Lettieri, A. Setaro, M. De Stefano, P. Maddalena, Biosensors and 

Bioelectronics 24 (2009) 1580–1584. 
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