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ABSTRACT

We report the fabrication of in-line photonic
microcells (PMCs) by encapsulating tapered highly
birefringent microfibers (Hi-Bi MF's) inside glass tubes.
The encapsulation isolates Hi-Bi MFs from external
environment and makes them more suitable for
real-world applications. Gas sensing is realized by
fabricating  micro-channel on the PMC for
ingress/egress. A fiber Sagnac loop interferometer
(SLI) incorporating a Hi-Bi microfiber PMC
demonstrated a gas pressure sensitivity of 599 pm/bar,
and Rl sensitivity of 2024 nm per refractive index unit
(nm/RIU) in gaseous environment .
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1. INTRODUCTION

Recently, there have been growing research activities in
the fabrication, characterization and application of
micro/nano optical fibers [1, 2]. Various micro/nano
fiber devices such as evanescent wave couplers and
sensors, coiled resonators, interferometers and filters
[3-5] have been reported. These micro/nano fibers may
find novel applications in wavelength-scale light
transmission, processing and interconnection, which
would be useful for photonic integration, computing,
and nano-scale sensing. A highly birefringent (Hi-Bi)
Sagnac loop interferometer (SLI) in which two
orthogonal polarization modes exhibit different
responses to temperature, strain, and refractive index
[6,7] has been studied for potential sensor applications
[8, 9] and shown to have a number of advantages
including simple design and flexibility, great stability
and lower cost.

In this paper, we report the use of a highly
birefringent microfiber photonic microcell based SLI
for high sensitivity gas pressure and refractive index
measurement. The Hi-Bi MFs are fabricated by tapering
a processed conventional single mode fiber (SMF) and

the photonic microcells (PMC) are fabricated by
encapsulate the Hi-Bi MFs into a capillary tube. By
incorporating an encapsulated highly birefringent
(Hi-Bi) microfiber PMC into a fiber-optic Sagnac loop
interferometer (SLI), we demonstrated gas refractive
index (RI) sensors achieved RI sensitivity of 2024 nm
per RI unit (RIU) and gas pressure sensors with
coefficient of 599 pm/bar.

2. EXPERIMENTAL SETUP

The Hi-Bi MF in this paper was taper-drawn from a
commercial SMF-28 fiber.The fiber was firstly “cut” by
use of a femtosecond IR laser to remove parts of the
cladding on both sides of the fiber, and the cut region
was then tapered down to a MF with an approximately
elliptical shape. The detailed process for fabricating
Hi-Bi MF tapers has been described in a previous paper
[10]. The uniform length of the Hi-Bi microfiber we
used here is ~ 1 cm and the diameter of the major axis
is ~2.8 pm.

The Hi-Bi MF was encapsulated into a capillary tube
to fabricate the PMC. The MFs are kept straight and
suspended along the center area of a capillary tube
while their SMF pigtails are glued to the two ends of
the capillary. Side holes are drilled on the capillary wall
and act as ingress/egress channels for sample gases. The
encapsulation does not change the optical property of
the MF but the capillary tube protects the MF from
external disturbance and contamination. The PMCs of
such made are robust and stable, and can be easily
integrated into standard fiber-optic circuits with low
loss, making the MF-based devices more practical for
real-world applications. .

By splicing the Hi-Bi MF photonic microcell into a
Sagnac interferometer system, gas pressure and
refractive index are measured. Fig. 1 (a) shows the SLI
system which includes a polarization controller (PC)
and a 50:50 SMF coupler. Ignoring the insertion loss of
the 3-dB coupler and the attenuation of the SMF taper
in the loop, the transmission spectrum of the SLI is
described by [11]

T =[1-cos(¢p)]/2 €))

where ¢ =27LB/A is the phase difference, L and B
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are the total length and the birefringence of the Hi-Bi
microfiber respectively. The obtained Hi-Bi microfiber
was inserted in a capillary tube with the length and
inner diameter of 5 cm and 900 pm, respectively, which
is sealed by AB glue on both sides. The transmission
spectra of a SLI containing the above mentioned Hi-Bi
microfiber is shown in Fig. 1 (b)
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Fig.1 (a) Experimental setup for sensing measurement. Insert:
Schematic diagram of the PMC with a Hi-Bi microfiber. (b)
Transmission spectrum of the SLI with the Hi-Bi microfiber PMC

3. ERIMENTAL RESULTS

The Hi-Bi MF photonic microcell was placed inside a
gas chamber shown in Fig. 2(a). The inlet and outlet of
the chamber were kept open to make sure that the
pressure in the chamber is stable and at atmospheric
pressure. Standard hydrogen and nitrogen gases were
mixed with different proportions by varying the flow
rate of the gases, which were controlled by two digital
mass flow controllers (MFCs). The gas mixture was
then guided into the gas chamber within which the
encapsulated microfiber sample is placed. For a small
gas chamber, the gas concentration within the gas
chamber and the capillary reaches steady state within
seconds, and the refractive index of the gas mixture
may be calculated by using [12]

Ny =V, Ny, +Vy, Ny, @)

where n,, is the refractive index of the gas mixture,

and n; and v, are respectively the refractive indexes

and the fraction of the gas component i (i=H: or N>).

The experimental process is as follows: firstly, the
hydrogen gas was switched off and the nitrogen gas
with a flow rate of 150 sccm (standard cubic centimeter
per minute) was continually injected into the chamber,
the spectrum was recorded when it became stable,
which means that the nitrogen gas had completely filled
the chamber; the flow rate of hydrogen gas was then set
to 50, 150 and 450 sccm, the evolution of spectrums

were recorded; the flow of nitrogen gas was set to 0
sccm and only the hydrogen gas was injected into the
chamber, the spectrum was recorded when the chamber
was fully filled with hydrogen. The five recorded

spectrums correspond respectively to ( v,, V;) = (1,0),

(3/4,1/4), (172, 1/2), (1/4, 3/4) and (0,1). Figure 2 (b)
shows the dip wavelength around 1558 nm as a function
of RI of the gas mixture, and the detailed spectrums for
the five gas mixtures are shown in the inset of Fig. 2(b).
The dip wavelength shifts to the longer wavelength
with increasing refractive index and the slope
coefficient or sensitivity is 2024 nm/RIU.
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Fig. 2(a) Setup for producing gas mixtures with different refractive
indexes. MFC: mass flow controller. (b) Dip wavelength as a function
of refractive index. Inset: spectrums for five different gas mixtures.

The PMC can also be used as a sensor to measure gas
pressure. For the purpose of applying different gas
pressure into the capillary tube, one of the two holes on
the capillary wall was sealed when the capillary filled
with pure nitrogen and a three port tube as shown in the
inset in Fig. 3 was used to change the (nitrogen) gas
pressure inside the capillary. The gas pressure inside the
capillary was ramped up or down by a gas pump, the
experiments were carried out at room temperature
(~25°C). The gas pressure change resulted in a change
in the RI surrounding the Hi-Bi microfiber, which
altered the phase difference between the two orthogonal
polarization states. The dip wavelength as a function of
gas pressure is shown in Fig. 6, and the pressure
sensitivity is 599 pm/bar and is much higher than that
of other optical fiber devices [13,14], which



demonstrates that the PMCs could be used as a gas
chamber to exploit sensing applications.
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Fig. 3 Dip wavelength around 1558 nm (at room
temperature) as a function of gas pressure from 1
to 9 bar.

4. CONCLUSION

In summary, with an encapsulated Hi-Bi microfiber
PMC spliced into a Sagnac loop interferometer, we
demonstrated gas pressure and RI sensors with pressure
sensitivity of 599 pm/bar and RI sensitivity of 2024
nm/RIU at RI = 1. Compared with the previous gas
chamber, the designed capillary tubes are more simple
and effective for the encapsulation to be as gas sensing
cells. Based on this, the PMCs could be explored to
more gas sensing applications.
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