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Abstract— A self-enclosed fiber-optic Fabry-Perot (F-P)
cavity is created by splicing a single-mode fiber to a photonic
crystal fiber (PCF) with a precise hole micromachined by a
157-nm laser at the end face of the PCF. Furthermore, such a
F-P cavity is etched chemically and its high-temperature and
pressure responses are investigated experimentally. The pressure
sensitivity is ~54.7 pm/MPa and the temperature sensitivity is
~0.45 pm/°C. The proposed sensor could offer some excellent
features such as good high-temperature stability, low cross-
sensitivity between pressure and temperature, ease of mass-
production, making it attractive for pressure measurement under
high-temperature.

Index Terms— Fiber-optic pressure sensor, photonic crystal
fiber, laser micro-machining, high temperature.

I. INTRODUCTION

IBER-OPTIC Fabry—Perot interferometer (FPI) sensors
have been attracting much interest because they offer
many outstanding advantages, such as high sensitivity,
high temperature survivability, compact size, corrosion
resistance, and immunity to electromagnetic interference [1].
These advantages make them suitable for deployment in
space-limited harsh environments such as high-speed wind
tunnels, turbine engines, power plants and oil and gas
down-hole exploration, where pressure is one of the important
measurands [2]-[7].
Many methods have been developed to fabricate fiber
optic FPIs. These include using conventional hollow-core
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Fig. 1. (a) Schematic of the PCF FPI sensor. (b) Photo of the FPIs etched
PCF FPI. (c) Photo of non-etched PCF FPIL.

fiber [3]-[5], hollow-core photonic band-gap fiber and solid-
core photonic crystal fiber (PCF) [7]-[9], chemical etching
by cleaving and splicing [10], [11] and laser microma-
chining [12], [13]. We have demonstrated a method for
constructing all-silica FPI sensors using 157nm laser
micromachining [14]-[16].

In this paper, we report a self-enclosed Fabry—Perot air
cavity created by splicing a single-mode fiber (SMF) to a PCF
with a precise hole micro-machined by a 157nm laser at the
end face of the PCF. The pressure and temperature coefficients
of the FPI sensor were measured as ~39.3 pm/MPa and
~0.9 pm/°C, respectively, in a pressure range of 0—10MPa
and temperature range of 25~700 °C. Furthermore, in order
to enhance the pressure sensitivity and reduce temperature
sensitivity, the fiber is etched to a diameter of ~96 um. The
enhanced pressure sensitivity is measured as ~54.7 pm/MPa
with a reduced temperature sensitivity of ~0.45 pm/°C. The
pressure responses of etched PCF FPI at different temperatures
from room temperature to 700 °C are also measured, which
shows good stability. These sensors have advantages in high
temperature pressure measurement, such as good stability
under high temperature, low cross-sensitivity of pressure to
temperature, and easy of mass-production, etc.

II. FABRICATION OF SELF-ENCLOSED FPI oN PCF

The configuration of the FPI on a PCF (TIR-PCF Changfei
Co. Ltd, pure silicon single mode PCF) is given by Fig. 1(a).
There is self-enclosed air cavity that is constructed on the
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Fig. 2. Experimental setup of high-temperature and high-pressure test.
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Fig. 3. Reflective spectrum of the self-enclosed FPI.

PCF spliced to two sections of SMFs, including two reflective
surfaces indicated by 1 and 2 in Fig. 1. Such an air cavity
could be used as a pressure sensing element due to its self-
enclosed structure. It is fabricated by using following steps.
We first made a circular hole with a depth of ~30xm and
a diameter of ~60um at the center of the cross section of
the PCF by using a 157-nm laser micromachining system,
which consists of a 157-nm pulsed laser (Coherent, LPF202),
an optical focusing system (with 25 times demagnification), an
observing system, and a precision translation stage. The pulse
energy density, pulse width, and pulse repetition rate used were
20J/cm?, 15ns, and 20 Hz, respectively. 150 pulses were used
to produce the hole, which took only 5 seconds. The hole is
larger than the core but smaller than the cladding. Then, we
spliced the PCF with hole and a cleaved SMF end to cover the
hole, an air F-P cavity was formed with a length of ~45 um.
The next, we cleaved the fiber with a short distance from the
air cavity, and spliced it to another cleaved SMF to protect the
PCF. From the structural mechanics, the pressure sensitivity
of the air cavity could be enhanced by reducing the diameter
of the fiber. Microscopic images of the fabricated sensors are
shown in Fig. 1(b) and (c), respectively, for both etched and
non-etched PCF FPIs.

The experimental setup is shown in Fig. 2. An optical
spectrum analyzer (OSA) is used to measure the reflective
spectrum of the sensor. The reflected spectrum of the sensor
is measured and shown in Fig. 3.

III. MATH HIGH-TEMPERATURE PRESSURE
EXPERIMENT AND DISCUSSION

In our experiments, the sensor head was sealed into an air
chamber and put into a high temperature furnace to perform
pressure test at different temperatures. Experimental setup is
shown in Fig. 2. Three FPI structures including PCF FPI,
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Fig. 4. Spectra of the FPIs at different temperatures. (a) Non-etched
PCF FPI. (b) etched PCF FPIL
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Fig. 5. Temperature responses of the three FPIs.

SMF FPI and etched PCF FPI, are used in high-temperature
and high-temperature pressure tests. Here, a SMF FPI is
constructed for comparison, which has a same structure as
the PCF FPI except that the two fibers used for constructing
FPI are all SMF. The diameter of SMF hole is also 60xm, the
fiber we used is high temperature coating SMF, with 35um
cavity length. The original diameters of the SMF FPI and the
PCF FPI were both 125um, in order to further enhance the
pressure sensitivity, the PCF FPI was etched by HF acid
to a diameter of ~96 um, corresponding to a reduction of
~14.5um in wall thickness.

The temperature responses of the PCF FPI and etched
PCF FPI are measured from 25 °C to 700 °C successively.
The pit wavelength of the FPIs around 1545nm shifts to
longer wavelengths with the increase of temperature, as shown
in Fig. 4. The temperature coefficients of the PCF FPI
and etched PCF FPI are measured to be ~0.9pm/°C and
~0.45pm/°C, respectively, as shown in Fig. 5, corresponding
to a temperature sensitivity decrease of 50% for the etched
one. Additionally, The temperature response of the SMF FPI
is measured in the range of 25 °C to 400 °C for comparison.

The temperature coefficient of the etched PCF FPI is much
lower than the non-etched PCF FPI. The reason is that the
thermal expansion of the fiber core would reduce the cavity
length, while the thermal expansion of the remaining fiber
cladding (the wall of the air cavity) would increase the cavity
length [14]. When the thickness of the silica wall of the
air cavity gets thinner, the force that the wall expanding
the cavity is reduced, hence the thermal expansion effect of the
cavity is effectively reduced. The temperature coefficient of
SMF FPI is ~1.9pm/°C, as shown in Fig. 6, which is
much higher than that of the PCF FPI and etched PCF FPI.
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Fig. 6. Spectra of the PCF FPIs at different pressures. (a) Non-etched PCF
FPL (b) etched PCF FPTI.
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Fig. 7. Pressure responses of the three FPIs.

For SMF and PCF are made of the same material SiO; (the
thermal expansion coefficient of SiO; is 0.55*10_6m/K), the
reason for the difference of temperature coefficients may be
that the special air-hole structure of the PCF would weak the
influence of the cladding expansion on core [17].

The pressure responses of the PCF FPI and etched PCF FPI
are measured from 0 to 10Mpa as shown in Fig. 6.

The pit wavelength of the FPI around 1545nm shifts to
shorter wavelengths with the increase of pressure. The pressure
coefficients of the PCF FPI and etched PCF FPI are measured
as ~39.3pm/MPa and ~54.7pm/MPa, respectively, as shown
in Fig. 7, corresponding to a pressure sensitivity enhancement
of 40% for the sensor after etched. The pressure response of
the SMF FPI is also measured in the range of 0 to 10Mpa.
The pressure coefficient is ~25.3pm/MPa, also as shown
in Fig. 7, which is much lower than that of the PCF FPI and
etched PCF FPI. Compared with the solid PCF FPI reported
in [9], the sensitivity of the etched PCF FPI in this paper is
~10 times higher.

The reason for the pressure coefficient of the etched
PCF FPI is higher than that of the non-etched one could be
easily understood by equation (1) [18]:

AL = (AL/L)Ao = [(1 = 2u)R3P % Aol /E(R] —R?) (1)

where L is the effective cavity length of the air FPI on PCF,
AL is the induced changes in L, 4 is a certain dip wavelength,
R and Rg are the effective radius of the air cavity and the
radius of the fiber, respectively, E is Young’s modulus, u is
Poisson’s ratio, and P is the pressure applied. Compared with
the SMF FPI, the air PCF FPI has relatively thin effective
thickness Rop—R, due to existence of the air hole, which leads
to higher pressure sensitivity.
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Fig. 8. Pressure responses of the etched PCF FPI at different temperatures.

The pressure responses of the etched PCF FPI at different
temperatures are measured in the range of 0—10Mpa, as shown
in Fig. 8. During the test, it is found that the response of the
etched PCF FPI shows good linearity and constant sensitivity
at different temperatures, even up to 700 °C.

IV. CONCLUSION

The in-line PCF air cavity proposed in this paper could
be operated under high temperature up to 700 °C. The
pressure and temperature coefficients of the PCF FPI are
measured to be 39.3pm/MPa and 0.9pm/°C, respectively. The
pressure and temperature coefficients of the etched PCF FPI
are 54.7pm/MPa and 0.45pm/°C, respectively. These sen-
sors exhibit relatively high pressure sensitivity and low tem-
perature sensitivity than those ever reported in-line solid
PCF [9]. For high temperature pressure measurement, these
PCF FPI sensors could offer two important valuable charac-
teristics. The first is that they can stand for high temperature.
The second is that they could offer relatively high pressure
sensitivity and a low temperature coefficient to reduce cross-
sensitivity. It is believed that these sensors could find important
applications in harsh operation environments.
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