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1. Abstract

The integration between micro-nano fluidics and optics is a new emerging research field, with promising high impact
applications in the area of optical biosensing devices. This is the case of tunable Mach-Zehnder interferometers,
photonic crystals and ring resonators, which have been demonstrated recently.

Recent investigations' have demonstrated that by combination of the simultaneous used of Ellipsometry, Reflectometry
and Spectrometry based technologies broadly used in semiconductor industry at sub-micron spot-size level and
advanced photonic structures, a relevant improvement can be achieved at the level of performance of the current state of
the art for label-free biosensing and nano-fluidics metrology. The variation in the effective index of refraction can be
easily detected in micron/sub-micron domains due to the fact of using several reflectivity profiles and optical responses
simultaneously, making possible to remove ambiguities in the sensing interrogation process.

To achieve this novel bio-chemical sensing system, it is proposed to combine the miniaturization of sub-micro-holes
based Interferometric photonic structures in combination with sub-micron spot size advance optical techniques
holistically. Thus, optical sensing system is based on the observation of external reflectivity profile of the high sensitive
photonic structures.
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Fig.1. Schematic representation of a sensing cell based on periodic sub-micro-holes lattice embedded in a interferometric
planar structure. The stoichiometric layers permit to design the photonic structure to maximize the interferometric
response when evaluating simultaneously by Ellipsometry, Reflectometry and spectrometry based techniques.


https://core.ac.uk/display/148654186?utm_source=pdf&utm_medium=banner&utm_campaign=pdf-decoration-v1

The reflectivity profile provides four magnitudes which can be used to assess the photonic structures response. These
are the reflected amplitude and phase of the electric field components polarized parallel (p) and perpendicular (s) to the
plane incidence. The reflected light of the photonic structures produce spectra interference patterns as a function of the
angle of incidence for p and s polarization directions and as a function of the spectral range. These patterns are the
fundamental source of information to detect the biomolecules binding in the sensing surfaces, ultra small fraction of
volumes and flow control in sub-micron domains. Theoretical calculations at CLUPM demonstrate that a detection limit
of 10-7 R.I.U. and surface concentration detection limit of 0.1 pg/mm?2 are feasible.

o
[}

0,7

3

-+---- Rsmethanol
Rpmethanol

A

o
[$,)
1

0,6

05

o
~
L

04

o
w
1

Relative reflectivity(relative units)

-------methanol

0,34 pentane

Relative reflectivity (relative units)

o
N

T T T T T T T T
50 40 30 20 -10 0 10 20 30 40 50 600 640 680 720 760 800 840
Angle of incidence (degrees)

Wavelenght(nm)
0,6

0,154 D

0,10
0,05

0,00

phase shift (radians)

-0,05 1

---- Rpmethanol
— Rppentane

Relative reflectivity(relative units)

-0,101

03—+ T T T T T 1,320 1,335 1,350 1,365 1,380 1,395 1,410 1,425

T T T T T
50 -40 -30 20 -10 0 10 20 30 40 50
. Refractive index of fluid (R.I.U)
Angle of incidence (degrees)

Fig.2. A and B: Reflectivity profiles for S and P polarization, C: Spectrometry profile and D: Phase phase shift (A)
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