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a b s t r a c t

The application of optical biosensors, specifically those that use optical fibers and planar waveguides, has
escalated throughout the years in many fields, including environmental analysis, food safety and clinical
diagnosis. Fluorescence is, without doubt, the most popular transducer signal used in these devices
because of its higher selectivity and sensitivity, but most of all due to its wide versatility. This paper
focuses on the working principles and configurations of fluorescence-based fiber optic and planar
waveguide biosensors and will review biological recognition elements, sensing schemes, as well as some
major and recent applications, published in the last ten years. The main goal is to provide the reader a
general overview of a field that requires the joint collaboration of researchers of many different areas,
including chemistry, physics, biology, engineering, and material science.
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1. Introduction

Biosensors have been defined [1e3] as self-integrated devices
capable of providing specific quantitative or semiquantitative
analytical information on the species of interest using a biological
recognition element (biochemical receptor), which is in direct
spatial contact with the transducer element. Those biosensors
based on the measurement of photons are classified as optical. This
review is focused on optical fiber and planar waveguide fluores-
cence based biosensors, a type of device in which a waveguide (an
optical transmitter) is used as a platform for the biochemical re-
ceptor as well as to transmit the excitation light and/or the resul-
tant signal to a photodetector that converts the light into an
electrical signal.

At present, optical biosensors are not competitive with bulky
laboratory instrumentation, such as microplate array systems, for
applications where a large number of samples need to be analysed
simultaneously. However, they present some desirable features
such as potential low cost, small size and ease of use and are well
suited for some applications such as on-line monitoring or for the
analysis of complex samples, as well as for the measurement of
binding events in real time [4]. As a result, this is an active research
area and a number of optical biosensing platforms are already in
the market for application in specific areas including, environ-
mental analysis, food safety or clinical diagnosis [5,6a,b].

Fluorescence is, without doubt, the most commonly used
transducer signal in biosensors [7,8]. Several parameters can be
recorded and applied for sensing including, fluorescence intensity,
that can be measured at the given wavelengths of excitation and
emission; decay time or emission anisotropy, which is a function of
the fluorescence intensities obtained at two different polarizations,
vertical and horizontal [8,9]. Therefore, a variety of possibilities
exists to improve biosensor performance. For example, the excita-
tion or the emission wavelengths of the luminophore can be
adequately tuned to improve method selectivity and, in addition,
the emission kinetics as well as the anisotropy properties of the
luminescent compound may add specificity to the measurement in
comparison to other optical methods [10]. Recent biosensor re-
views [11e15] confirm that fluorescence-based transduction, in
whichever of its possibilities, is one of the most popular optical
detection methods used in biosensing.

This paper focuses on the working principles of fluorescence-

based fiber optic and planar waveguides biosensors and will re-
view biological recognition elements, assay formats, as well as
selected applications in different areas, published in the last ten
years. The main goal is to provide the reader a general overview of
this exciting field which requires the joint effort of researchers of
many different areas, including optics, biochemistry, electronics
and fluidics.

2. Light guiding in optical waveguides and biosensor
configurations

Optical waveguides are dielectric structures that transport en-
ergy between its two extremes at wavelengths in the UVeVis and
IR region of the electromagnetic spectrum. Depending on their
geometry they can be classified in twomain groups: cylindrical and
planar. Optical fibers are included in the first group and consist of a
cylindrical central dielectric core clad by amaterial of slightly lower
refractive index (by z 1%). A planar waveguide is formed from a
dielectric slab core sandwiched between two cladding layers with
lower refractive indexes [16]. In both, light propagation and guiding
along the core is based on the well-known optical phenomenon of
total internal reflection (TIR) [5,16].

When light propagates along an optical waveguide (Fig. 1), such
as an optical fiber or a planar waveguide, light is totally reflected at
the interface between the optically more dense medium and the
optically rare medium if the angle of refraction is larger than a
critical angle (qC). At each point of reflection there is a finite
decaying electric field across the interface that penetrates some
distance into the lower refractive index medium. This field is
referred to as the evanescent wave [17].

In emission spectroscopy, the evanescent wave can be used to
generate luminescence or Raman scatter. The wavelength range
extends from the UV to the far infrared depending on the quality of
the waveguide. Higher order modes, i.e. those that propagate at
angles close to the critical angle, contribute in a major extent to the
power of the evanescent wave [5]. Therefore, the geometry of the
sensing region must be properly designed in fluorescent biosensors
based on evanescent field excitation (EFE) so as to increase the
excitation power along the probe length, as well as to avoid the
coupling of the emitted fluorescence into guided modes that fail to
propagate in the clad fiber, what is known as V-number mismatch
[5,18e20]. Tapering of the sensing region has been proven to be a
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