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Abstract: In this mini-review, recent advances in the fiber optofluidic lasers and passive fiber optofluidic sensors are
introduced. Fiber optofluidic laser can detect the biochemical changes using its laser output as a sensing signal. The
cross-section of fiber can be used as a microcavity, providing optical feedback. The microcavity enhances the
light-matter interaction, thus increasing the sensitivity. Furthermore, the geometry of optical fibers is uniform, easy to
be mass produced with low cost, can be used to realize highly reproducible and disposable optofluidic laser. Passive
fiber optofluidic sensors are also introduced based on the laser induced force and photo-thermal effects, which is
flexible, easy to be integrated, multi-functional and reconfigurable.
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Fig. 1 S% detection based on optofluidic laser. (a) Structure of the laser cavity for the optofluidic catalytic laser; (b) Generation

of the product as gain material and effect of the inhibitor on the catalytic reaction; (c) Spectrally integrated intensity as a func-
tion of reaction time with different S concentrations; (d) Laser onset time difference versus S% concentration
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Fig. 2 Reproducible fiber optofluidic laser''”). (a) Schematic diagram of the experimental setup for fiber optofluidic laser; (b) Intensity

distribution in the cross-section of the MOF; (c) Angular integrated intensity using 10 sections of MOFs; (d) Schematic diagram of the
FOFL array; (e) The spectrally integrated intensity as a function of the lateral pump position
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Fig. 4 Dual-mode flow rate sensing. (a) Calibration of the optofluidic flow rate sensor in open-loop mode with y axis in
log scale; (b) Calibration of the optofluidic flow rate sensor in the closed-loop mode with manipulation length fixed at 15
um, 30 um and 60 pum, respectively; (c) Sensing performance of the optofluidic flow rate sensor
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Fig. 5 The flow rate sensor based on photo thermal effect. (a) The experimental setup; (b) The generation of the fiber
optofluidic microbubble-on-tip for 150 s
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Overview: In this review, recent advances in optofluidic laser sensor and fiber optofluidic laser, as well as the passive
fiber optofluidic sensors based on the optical force or photothermal effects are introduced.

Optofluidic laser (OFL) is an emerging technology that has been extensively investigated for biochemical detection.
Due to the enhanced light-matter interaction, high sensitivity of OFL sensors have been demonstrated. We recently
demonstrated a highly sensitive ion detection method using optofluidic laser based on Fabry-Perot cavity. A catalytic
reaction that could be inhibited by the S* ion was employed to produce a fluorescence gain material for optofluidic laser.
The limit of detection by the OFL method was orders of magnitude lower than the fluorescence method.

Various types of microcavities including Fabry-Perot cavity, micro ring cavity and distributed feedback schemes have
been investigated for optofluidic lasing. The lasing output is highly dependent on these microcavities. The mass produc-
tions with high repeatability are difficult for previous microcavities, making it hard to realize reproducible optofluidic
laser. We introduced a novel fiber optofluidic laser with high reproducible microcavities. The optical fiber can be used
as a ring resonator, providing optical feedback in the cross-section for lasing. Most importantly, thanks to the precise
control of the fiber geometry by draw tower, the properties (including geometry, surface properties and thus Q-factor)
of microcavities along the optical fiber are almost identical. The optical fiber can be mass produced with low cost and
can be utilized to realize highly reproducible and disposable optofluidic laser.

Besides the fiber optofluidic laser, passive fiber optofluidic sensors based on the laser induced force and pho-
to-thermal effects are introduced. The laser beam offers optical force at pico-Newton scale that is very sensitive to the
ambient environments. By integrating the optical fiber with microfluidic chip, single microparticle can be trapped and
high performance microfluidic flow rate detection was performed based on the force balance on the microparticle.
Tunable optical manipulation of microparticle was also demonstrated.

Photo-thermal effect was also introduced by optical fiber into the microfluidic chip for sensing applications. Material
with high absorption, including carbon nanotube or gold nanofilm, was coated on the fiber endface. Laser absorption
near the fiber tip leads to a temperature rise. Thus microbubble was generated on the fiber tip based on the pho-
to-thermal effect. By monitoring the generation and growth of microbubble, microfluidic parameters including flow
rate, temperature, and concentration can be measured. The passive fiber optofluidic sensors have the advantages of
flexible, easy to be integrated, multi-functional and reconfigurable.

Citation: Gong CY, Zhang C L, Gong Y, et al. Recent advances in fiber optofluidic sensors[]J]. Opto-Electronic Engineer-
ing, 2018, 45(9): 170573
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