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In-line Fabry-Perot refractive index sensor
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An in-line Fabry-Perot (FP) refractive index (RI) sensor based on an intrinsic FP cavity and fabricated by
the etching and fusion splicing method is proposed. The experimental results demonstrate that the sensor
possesses a high resolution of 1508 nm/RIU for the measurement of acetylene gas RI. The temperature-
response measurement shows that the sensor is insensitive to room temperature variations. The FP RI
sensor is suitable for applications in biosensing and environmental monitoring because of its high sensitivity
and structural simplicity, thereby making it suitable for low-cost mass production.
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Fiber-optic refractive index (RI) sensors have attracted
considerable interest in recent years because of their out-
standing advantages over conventional sensors, including
their high sensitivity, compact size, immunity to elec-
tromagnetic interference, and remote sensing capability.
These characteristics make fiber-optic RI sensors suit-
able for applications such as biomedical research, health
care, and environmental monitoring. Many different
types of fiber-optic RI sensors have been proposed based
on tapered fibers, fiber grating, and surface plasma
resonance[1−9]. The in-line Fabry-Perot interferometer
(FPI) sensor is one of the most important categories of
fiber-optic RI sensors[10−12]. A distinct advantage of
an FPI sensor over other types of fiber-optic RI sen-
sors is that it can easily isolate RI measurements from
the effects of temperature variations. Therefore, this
sensor can provide absolute RI information. In general,
an in-line FPI sensor consists of an FP cavity and a
microchannel, which is typically formed directly on a
fiber end face. The wavelength-dependent interference
fringe pattern of the FPI sensor depends on the RI of the
material filled in the cavity. Therefore, RI can be de-
termined by measuring the interference fringe patterns.
To allow liquid or gas to flow into the cavity during
measurements, a microchannel is generally used to guide
the fluids into the cavity. This microchannel is a key
feature of an in-line FPI and has to be considered in the
fabrication process. Although laser micromachining can
be used to fabricate such a micro-channel[13], it is not
a method suitable for mass production. Furthermore,
the microchannel located near the fiber core decreases
the intensity of the optical signal reflected from the FP
cavity. As a result, the accuracy of the FPI sensor de-
teriorates because of the decreased interference fringe
contrast.

In this letter, we propose and experimentally demon-
strate a novel hybrid, in-line FP RI sensor based on
an intrinsic FP cavity. This in-line FP RI sensor con-
sists of an etched graded-index fiber (GIF) and a short
piece of polarization maintenance photonic crystal fiber
(PM-PCF). The fabrication process consists of two steps,
namely, fiber etching and fusion splicing. We investigate

the performance of the proposed FPI sensor in RI mea-
surements. The experimental results indicate that the
sensor is highly sensitive to the RI of the material under
study. In addition, it is insensitive to ambient tempera-
ture variations.

The scheme of the proposed in-line FP RI sensor is
illustrated in Fig. 1. The sensor was formed by splicing a
short piece of GIF (core diameter, 62.5 µm) to a conven-
tional single-mode fiber (SMF, SMF-28, Corning, USA).
The cavity at the GIF tip was fabricated by etching. A
short section of the PM-PCF was then spliced on the
right side of the GIF and carefully cleaved to form an
FP cavity. The PM-PCF air holes act as microchannels
between the external air and the cavity and thus serve
as an entrance to the cavity. Light propagates through
the cavity and is then reflected by the two sides of the
air gap. The right side of the PCF slice was cleaved at
an angle of ∼8◦ to reduce the reflection of the fiber end.
This process ensures that the peaks of the interference
fringe pattern are sharp and easily distinguishable be-
cause of the two-beam interference. The technique also
improves the detection accuracy.

The specific fabrication process of the FP sensor con-
sists of two steps (Fig. 2). The first step involves splicing
an SMF to a short section of the GIF. Afterward, the
GIF end was cleaved and chemically etched by immers-
ing in 40% HF for 2.5 min. The etching rate of the GIF
core, which is composed of Ge silica, is higher than that
of the cladding. A concavity with a depth of approxi-
mately 40 µm was therefore created, whereas the outer
diameter of the GIF cladding remained unchanged at the
end of the etching process. This process ensures that the
subsequent fusion splicing step is straightforward because

Fig. 1. (Color online) Scheme of the in-line FP RI sensor.
SM: single-mode fiber; GIF: graded-index fiber.
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the material property of the fiber cladding at the splicing
point is not affected by etching. To form the intrinsic
FP cavity, we spliced the etched GIF to a short section
of the PM-PCF instead of using a laser micromachining
method. The PM-PCF has a cladding that consists of
five-ring air holes arranged in a hexagonal pattern. The
diameters of the air holes and of the entire solid region
are 2.5 and 5 µm, respectively. Two big air holes with 5-
µm diameters replaced the two small air holes of the first
ring to maintain the polarization. The small air holes of
the PM-PCF completely collapsed after the splicing pro-
cess. However, the two big air holes remained and served
as two microchannels between the FP cavity and the
external air. A fusion splicer (FSM-60s Fujikura, Japan)
was used to fabricate the sensor, and the splicing param-
eters were carefully selected to preserve the structural
integrity of the PCF and form the microchannel. We used
a prefuse time of 50 ms. The discharge electric intensity
was fixed at a “standard-39 bit,” and the “overlap” for
fusion splicing was set at 10 µm. The PM-PCF was
cleaved after the FP cavity was formed. We cleaved the
PM-PCF at an angle of ∼8◦ to eliminate the reflection
of the fiber face. Therefore, the cavity produced a two-
beam interference. Compared with the laser microma-
chine fabrication technique, the fusion splicing method
provides a simpler and low-cost fabrication process. Fur-
thermore, the two off-center channels minimize the re-
duction in face reflectivity compared with the structure
with the channel in the center. The two off-center air

Fig. 2. (Color online) Fabrication process of the proposed
sensor: (a) GIF tip etching and (b) GIF spliced to a short
section of the PM-PCF.

Fig. 3. (a) Image and (b) interference spectrum of the FP
interferometer sensor.

Fig. 4. Experimental setup for the gas RI measurement.

Fig. 5. (Color online) (a) Interference spectra of the sensor in
air and (b) wavelength shift of the proposed sensor at different
pressures.

holes in the proposed structure help improve the interfer-
ence fringe contrast while conveniently guiding the liquid
or gas in and out the cavity.

The in-line FP RI sensor was fabricated (Fig. 3(a))
by using the aforementioned method. The inset in Fig.
3(a) shows the cross-section of the PM-PCF used in this
structure. The interference spectrum of this sensor in air
is shown in Fig. 3(b). The recorded spectrum indicates
a fringe contrast of ∼10 dB, which is higher than the
typical fringe contrast of ∼5 dB in a previously reported
FPI-based fiber sensor[14]. This increased fringe contrast
is an important advantage of the proposed sensor and
may be used to improve the measurement accuracy sig-
nificantly in practical applications.

As mentioned above, two adjacent peaks in the inter-
ference fringe have a phase difference of 2π because of
FP interference. Therefore, the optical path length of
the cavity can be calculated by

nL =
λ1λ2

2(λ1 − λ2)
, (1)

where λ1 and λ2 are the wavelengths of the two adjacent
peaks (Fig. 3 (b)), L is the cavity length, and n is the
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Fig. 6. Wavelength shift of the interference spectrum of the
sensor in different sugar solution concentrations.

Fig. 7. Temperature characteristic of the proposed sensor.

RI of the medium filled in the cavity. Hence, the RI of
an unknown medium can be obtained from Eq. (1) if the
interference fringe pattern is measured.

We conducted RI measurements to evaluate the per-
formance of the proposed sensor in RI sensing. The
experimental setup is shown in Fig. 4. The sensor was
placed inside a pressure chamber to regulate the pres-
sure applied on the sensor from 0 to 300 kPa. The
testing gas was pure acetylene. The interference fringe
patterns corresponding to different pressure levels are
shown in Fig. 5(a). These results were obtained with
a wavelength-swept laser interrogator (8164A, Agilent,
USA) at a resolution of 0.1 pm. Figure 5(b) shows that
the peaks of the interference fringe pattern shift to long
wavelengths as the pressure increased. Given that the
RI of the gases is a function of density, which in turn
depends on the pressure, the gas RI can be calculated
at different pressures according to the Gladstone-Dale
model[15]. The sensitivity of the proposed sensor is ap-
proximately 1 508 nm/RIU. The minimum detectable
change in RI is 6.6×10−8 at a resolution of 0.1 pm.
The measurement results also show a reasonably good
linearity, with a correlation coefficient of 0.9963. The
sensitivity of the sensor is mainly attributed to its high
fringe contrast.

In addition to the index measurement of gas, we also
applied the RI sensor in a liquid sensing experiment. In
this experiment, the sensor head was dipped in different
concentrations of a sugar solution. Figure 6 shows that
the wavelength of the interference spectrum shifts with
the change in the RI. The RI resolution is ∼1 180 490
nm/RI, with a linearity of ∼99.068%. The minimum

detectable change in RI is 8.4×10−8 at a resolution of
0.1 pm. The sensitivity of the sensor is lower than that of
the gas measurement, which results from the difference
between the RI of the sugar solution (ranging from 1.3
to 1.7) and that of acetylene.

The temperature dependence of the proposed sensor
was also investigated (Fig. 6). The sensor head was
placed in a temperature-controlled chamber to deter-
mine the effects of different temperatures (from 40 to
100 ◦C). Figure 7 shows the measured wavelength of the
FP reflection peak at approximately 1 529.6 nm. No
measurable peak wavelength shift over the 40 to 100
◦C temperature range is observed. The temperature re-
sponse of the sensor indicates that it can operate at room
temperature without the need for additional temperature
control and compensation. This temperature indepen-
dence results from the low thermal expansion coefficient
of pure silica (0.55×10−6 /◦C) as well as from the open
cavity in the sensor configuration.

In conclusion, we experimentally demonstrate a high-
sensitivity in-line FP RI sensor based on a fiber FP
cavity. The cavity is fabricated by chemical etching,
fusion splicing, and cleaving. PCF air-holes are used
as microchannels to guide fluids in and out of the cav-
ity. The fabrication of this high-quality FP RI sensor is
simple and potentially low-cost. The sensor possesses a
high resolution of 1 508 nm/RIU for acetylene gas and
1180 nm/RIU for a sugar solution while maintaining
its temperature insensitivity. The experimental results
prove that the FP RI sensor is suitable for applications
in biosensing and environmental monitoring because of
its high-sensitivity and structural simplicity, which allow
for low-cost mass production.
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