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Time-Resolved Full-Spectrum All-Fiber Fluorescence Biosensing
with Ultrafast Supercontinuum(l)

SRR ¥ R4
Abstract

The primary goal of the proposed research is to develop a novel
methodology for remote multicolor fluorescence detection. There is a
great demand to concurrently distinguish a variety of different biomarkers
in order to study different cellular functions and biological processes.
However, in conventional fluorescence detection, a single excitation
wavelength can excite only a limited number of fluorophores. A full
coverage of simultaneous excitation over the visible to near infrared
region has not been realized with conventional systems due to the limited
number of discrete excitation wavelengths available. Conventional
systems seek to meet the increasing demand for multicolor fluorescence
detection by increasing the number of excitation sources and detection
channels by using a number of filters. Consequently, these systems
become very complicated and lossy. In addition, the bulky
instrumentation limits its application in situ or in vivo. However, it is
critical to be able to quantify fluorescence biomarkers in the native
environment of the cells to understand the underlying mechanism in the
biological processes. The proposed approach employs a fundamentally
different mechanism that overcomes the conventional detection limits.
We propose to use a single supercontinuum source to simultaneously
excite all conceivable dye molecules and collect the entire individual
spectra of the fluorescence emissions. The entire spectrum of the
supercontinuum generated from a femtosecond laser will be used without
filtering. The fluorescence signal will be separated from the scattered
excitation light in the time domain. This novel detection scheme
significantly simplifies the optical configurations through elimination of
multiple lasers, a number of band pass filters and dichroic mirrors. To
further realize a compact, portable versatile single-molecule spectrometer
for in vivo applications, a monolithic fiber-optic probe prototype will be
constructed. A single fiber probe will be used to simultaneously delivery
the excitation pulses and collect the fluorescence signal. The fiber will
introduce extended time delay between the scattered excitation light and
the fluorescence signal, making the gating of signal and excitation pulses



more efficient, hence increasing the signal to noise ratio. In addition, the
flexible fiber probe makes in vivo or remote detection in turbid
environments possible by circumventing the scattering and absorption
tissues. High numerical aperture double-clad fibers will be used as the
probe to enhance the detection sensitivity. The proposed methods address
the fundamental issues for remote multicolor detection. We believe the
successful development of the proposed detection scheme in conjunction
with proper design of the flexible fiber probe will lead to remarkable
improvements of various Kkinds of optical instruments, such as
fluorescence microscopes, microplate readers, and flow cytometers,
enabling a wide range of biomedical applications.

Key words: Fluorescence detection;Fiber optics;Nonlinear optics;
Supercontinuum;Single-molecule spectroscopy



