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Temperature-insensitive refractive index sensing
by use of micro Fabry-Pérot cavity based
on simplified hollow-core photonic crystal fiber
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A temperature-insensitive micro Fabry—Pérot (FP) cavity based on simplified hollow-core (SHC) photonic crystal
fiber (PCF) is demonstrated. Such a device is fabricated by splicing a section of SHC PCF with single mode fibers
at both cleaved ends. An extremely low temperature sensitivity of ~0.273 pm/°C is obtained between room
temperature and 900°C. By drilling vertical micro-channels using a femtosecond laser, the micro FP cavity can
be filled with liquids and functions as a sensitive refractometer and the refractive index sensitivity obtained
is ~851.3 nm/RIU (refractive index unit), which indicates an ultra low temperature cross-sensitivity of

~3.2x 1077 RIU/°C. © 2013 Optical Society of America

OCIS codes: 060.5295, 060.2370, 120.0120.

Optical fiber refractive index (RI) sensors have a broad
range of applications in chemical, biomedical, and
environmental monitoring, due to their small size, high
sensitivity and fast response time. To date, most of opti-
cal fiber RI sensors are based on fiber Bragg grating
(FBG) [1], long-period fiber grating (LPFG) [2,3], Fabry—
Pérot (FP) or Mach-Zehnder interferometer [4,5], micro-
fiber [6], selectively infiltrated photonic crystal fiber
(PCF) coupler [7,8] and many other interesting structures
[9-11].

" The FBG based RI sensor generally presents a low
sensitivity on the order of ~100 nm/RIU (refractive
index unit), and the FBG should be fabricated in an
exposed-core fiber or a microfiber. It has been reported
that LPFG can provide a sensitivity as high as
1500 nm/RIU [3]. However, LPFG typically exhibits large
temperature cross-sensitivity and nonlinear response to
the surrounding RI. An ultra-high sensitivity, of up to
24,373 nm/RIU, is achieved by use of a highly birefrin-
gent microfiber loop [6]. By employing selective infiltra-
tion techniques of PCFs [7,12,13], embedded coupler,
modal interferometer, and photonic band-gap structures
can be fabricated, which exhibit even higher RI sensitiv-
ity such as 38,000 nm/RIU [8]. However, such a sensor
can only use the liquids with a RI higher than that of silica
(~1.46). To operate at around 1.33 of RI, a liquid-filled
PCF sensor based on four-wave mixing has been demon-
strated, with a high sensitivity of 8800 nm/RIU, however,
a large length of PCF (~1 m) has to be used [11].

A key issue that existed in the above mentioned con-
figurations is temperature cross-sensitivity because it
limits the sensor reliability. One of the solutions to this
issue is the use of fiber-optical FP cavity as it exhibits
very low temperature sensitivity of ~1 pm/°C, due to the
small thermo-expansion coefficient of silica. Recently,
the micro FP cavity has received increased research at-
tention because of its low temperature cross-sensitivity,
high RI and/or strain sensitivities, and convenient
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reflection mode of detection. The FP cavity fabricated
by focused ion beam milling has been used to mea-
sure the RI around 1.30 with a high sensitivity of
1731 nm/RIU [14] however; the temperature cross-
sensitivity of the device was not reported. By employing
a femtosecond laser, micro FP cavity can be fabricated in
single mode fiber (SMF) [15,16] and PCF [17], with a tem-
perature sensitivity of larger than 2 pm/°C, correspond-
ing to a temperature cross-sensitivity of greater than
2 x 1076 RIU/°C. By splicing a section of hollow-core
PCF [18] or Er-doped fiber [19] with SMFs, strain sensors
have been demonstrated, with further reduced tempera-
ture sensitivity of ~0.81 and 0.65 pm/°C, respectively.

In this Letter, we demonstrate a micro FP cavity based
on simplified hollow-core (SHC)-PCF for RI sensing
with extremely low temperature cross-sensitivity. The
device is fabricated by fusion splicing both ends of a
section of SHC-PCF with SMFs. The RI sensitivity ob-
tained is ~851.3 nm/RIU, with a temperature sensitivity
of ~0.273 pm/°C. This indicates a temperature cross-
sensitivity of only ~3.2 x 10~7 RIU/°C, which is lower
than that of the previously reported micro FP cavities
and other types of fiber-optical RI sensors.

SHC-PCF is composed of a big hollow core and one
layer of air-hole cladding, which is proposed by Géréme
et al. [20] and Wu et al. [21] and shows similar guidance
properties as the Kagomé-lattice PCF. The SHC-PCF used
in our experiment is manufactured by YOFC Ltd., and the
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Fig. 1.

(Color online) (a) Cross-section view of the SHC-PCF
and (b) microscopic image of a micro FP cavity based on
SHC-PCF with the cavity length of ~48 pm.
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diameters of the hexagonal core, the air-hole cladding,
and the whole fiber are ~29, 73, and 140 pm, respectively.
The thickness of the silica struts is estimated to be
~400 nm. Figure 1(a) is the cross-section view of the
SHC-PCF, which has a similar transmission property
as that reported in [21]. The micro FP cavity was fabri-
cated by using a conventional fiber cleaving and fusion
splicing technique while avoiding any air-hole collapsing
[22]. Figure 2(a) shows the microscopic image of a SHC-
PCF based micro FP cavity with the length of ~48 pm.
Such a cavity length can be controlled accurately by use
of a microscope during the cleaving process.

A broadband light source was used to connect the mi-
cro FP cavity via a 3 dB coupler to observe its reflection
spectrum by use of an optical spectrum analyzer (OSA).
Figure 2 shows the reflection spectra of the micro FP cav-
ities with lengths of 27, 50, and 75 pm, respectively. The
27 pm long FP cavity exhibits a free spectral range of
~47.2 nm, while that of the 50 pm long and 75 pm long
cavities are 24.3 and 16.2 nm, respectively, around the
wavelength of 15650 nm. The fringe visibilities are larger
than 10 dB, which indicates a reasonably good quality of
interference fringe pattern of the two light beams re-
flected by the end facets of SMFs at both splicing joints.

Since the typical temperature sensitivity of micro FP
cavities is on the order of 1 pm/°C, the measurements
conducted from room temperature to ~100°C would ex-
hibit large errors due to the OSA resolution of larger than
10 pm. Much broader temperature range should be swept
to accurately determine the temperature sensitivity of the
micro FP cavity. Thus, we put the 75 pm long FP cavity
into a high temperature furnace with an accuracy of 1°C
for the thermal stability test. After removing the fiber
coatings, the device was heated to 1000°C and main-
tained there for 2 h, and no obvious deterioration was
found in the reflection spectrum. Following a cooling
down of the device to the room temperature, the furnace
was gradually warmed up to 100°C and subsequently
from 100°C to 900°C with a step of 100°C, and the device
stayed for 30 min at each step. Then the device was
cooled down to room temperature again, following the
same procedure as that used in the heating process.
The reflection spectra recorded in the cooling procedure
was found to coincide with that in the heating process.
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Fig. 2. (Color online) Reflection spectra of the micro FP

cavities based on SHC-PCF with cavity lengths of 27, 50, and
75 pm, respectively.

Such a thermal test was repeated four times with repro-
ducible results.

The thermal induced shift of an interference dip
around 1550 nm at room temperature for a 75 pm long
FP cavity was plotted in Fig. 3, and a temperature sensi-
tivity of ~0.273 pm/°C was obtained by use of a linear fit
of the experimental data. Such temperature sensitivity is
even lower than the theoretical value of ~0.85 pm/°C,
calculated according to the coefficient of thermal expan-
sion of fused silica (5.5x 10~7/°C), which is around
1550 nm. This may be due to the shrinkage of the SHC-
PCF fiber core during the heating process. With the tem-
perature increasing, the SHC-PCF would simultaneously
expand axially and transversely, and the central air hole
might be squeezed and shrunk by the transversal expan-
sion. The decrease of SHC-PCF core diameter would lead
to the reduction of the effective index of the core mode,
and hence partially cancel out the effect of the micro FP
cavity length increasing.

With the knowledge of low temperature sensitivity of
the device, a 50 pm long SHC-PCF based FP cavity was
constructed to measure the RI of water at different tem-
peratures. Four symmetrically distributed micro-holes
were drilled in the middle part of the PCF with a Ti:
sapphire femtosecond laser from the fiber surface to the
core to allow water to fill in. The micro-holes were
fabricated by 2 pJ pulses (800 nm center wavelength,
120 fs pulse duration, and 1 kHz repetition rate) focused
with a 20x objective (NA = 0.50) and exhibited the dia-
meter of ~5 pm. Then the device was immersed into a
water cell and the reflection spectra at different tempera-
tures were recorded. Figure 4(a) shows the reflection
spectra of the 50 pm long FP cavity at 30°C, 55°C, and
80°C. The fringe visibilities are beyond 15 dB and their
dips shift to the shorter wavelengths with the increase
of temperature, as the RI of water is decreased when
the water is warmed up. By tracing the fringe dip around
1550 nm, the dip wavelength was recorded and plotted
with RI of water at different temperatures [23], as shown
in Fig. 4(b). An RI sensitivity of ~851.3 nm/RIU can be
obtained by linear fitting of the experimental data. Thus
the temperature cross-sensitivity of the SHC-PCF based
FP cavity can be estimated as ~3.2 x 10~ RIU/°C.

It should be noted that the SHC-PCF supports the pro-
pagation of several modes in the air core, where mode
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Fig. 3. (Color online) Fringe dip wavelength shift of a 75 pm-

long SHC-PCF based FP cavity with temperature variation.
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Fig. 4. (Color online) (a) Reflection spectra and (b) fringe dip
wavelengths of a 50 pm long FP cavity filled with water at dif-
ferent temperatures.

characteristics can hardly be changed by temperature
benefitting from the extremely low thermo-optic coeffi-
cient of air. This enables the fabrication of other types
of sensors with very low temperature sensitivity, such
as LPFGs, which have been proved to be with a tempera-
ture sensitivity down to 0.59 pm/°C [21].

In conclusion, we have demonstrated a micro FP
cavity interferometer with extremely low temperature
sensitivity of ~0.273 pm/°C. The micro FP cavity was
fabricated by splicing both ends of a section of
SHC-PCF with SMFs. The RI sensitivity obtained is
~851.3 nm/RIU, which indicates an ultra low tempera-
ture cross-sensitivity of ~3.2 x 10~7 RIU/°C. The sensors
proposed have high potential in chemical and biomedical
sensing, and in environmental monitoring,.
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