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Abstract This paper provides an overview of the rather new field
concerning the applications of femtosecond laser microstructur-
ing of glass to optofluidics. Femtosecond lasers have recently
emerged as a powerful microfabrication tool due to their unique
characteristics. On the one hand, they enable to induce a perma-
nent refractive index increase, in a micrometer-sized volume of
the material, allowing single-step, three-dimensional fabrication
of optical waveguides. On the other hand, femtosecond-laser
irradiation of fused silica followed by chemical etching enables
the manufacturing of directly buried microfluidic channels. This
opens the intriguing possibility of using a single laser system
for the fabrication and three-dimensional integration of optoflu-
idic devices. This paper will review the state of the art of fem-
tosecond laser fabrication of optical waveguides and microfluidic
channels, as well as their integration for high sensitivity detection
of biomolecules and for cell manipulation.
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1. Introduction

Lab-on-chips (LOCs) are microsystems aiming at the minia-
turization onto a single substrate of several functionalities
that typically would require an entire biological labora-
tory [1–4]. LOCs use networks of microfluidic channels
to transport, mix, separate, react and analyze very small
volumes (micro- to nanoliters) of biological samples. The
main advantages of the LOC approach are high sensitivity,
speed of analysis, low sample and reagent consumption,
and measurement automation and standardization. Applica-
tions of LOCs range from biochemical research (genomics,
proteomics and cellomics), to chemical synthesis and drug
development [5], high-throughput medical and biochemi-
cal analysis [6], environmental monitoring and detection
of chemical and biological threats. Thanks to the minia-
turization and integration afforded by LOCs, the life sci-
ences are undergoing a revolution similar to that triggered
by integrated microelectronic systems, which gave birth
to the Information Society. Comprehensive reviews of the
fundamentals and potentials of LOC technology can be
found in [7–9].

Several substrate materials are used for LOC fabrication,
including silicon, glass and polymers. Although polymers
have the advantages of a very low cost and of the simplicity

of microchannel fabrication by molding or embossing, glass
is still the material of choice for many applications [10] due
to the following benefits: it is chemically inert, stable in
time, hydrophilic, nonporous, optically clear, and it easily
supports electro-osmotic flow. In particular, the choice of
fused silica as the substrate material adds to the previous
advantages a very high optical transparency, down to the
UV range, and a very low background fluorescence. In ad-
dition, well established microfabrication processes, based
on photolithography and wet/dry etching, are available for
this glass [11].

While many different fluidic functions have already been
implemented on LOCs, a key unsolved problem is the devel-
opment of an integrated on-chip detection system [12]. The
main reason for this is that, as the size of the microfluidic
systems shrinks more and more, also the detection volumes
become smaller and smaller, decreasing the number of in-
terrogated molecules and calling for a very high sensitivity.
Electrochemical and optical are the two most widespread
detection schemes for LOCs. Optical measurements are
superior both in terms of flexibility and sensitivity; in partic-
ular, laser-induced fluorescence (LIF) detection of labelled
molecules, being a background-free technique, allows the
measurement of very low analyte concentrations. In addi-
tion to detection, light can be used for different purposes in

1 Istituto di Fotonica e Nanotecnologie (IFN)-CNR, Dipartimento di Fisica-Politecnico di Milano, Piazza Leonardo da Vinci 32, 20133 Milan, Italy
2 Integrated Optical Microsystems Group, MESA+ Institute for Nanotechnology, University of Twente, P. O. Box 217, 7500 AE Enschede, The Nether-
lands
* Corresponding author: e-mail: giulio.cerullo@fisi.polimi.it

© 2011 by WILEY-VCH Verlag GmbH & Co. KGaA, Weinheim


