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Abstract: We investigate the temperature property of a polarization
maintaining photonic crystal fiber based Sagnac interferometer. The
temperature induced air pressure effect inside air holes of the fiber has been
studied, from room temperature to 200°C.
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1. Introduction
Recently, a polarization-maintaining photonic crystal fiber (PM-PCF) has become commercially
available and attracted lots of research interest in communications and sensing applications [1-3].
The high birefringence is obtained by introducing two opposite air holes near the core region to
have large refractive index different between the two orthogonal axes. Its birefringence can be
much higher than that of conventional polarization-maintaining fibers (PMFs). In addition , it is
significantly less temperature dependent than conventional PMFs owe to its pure silica structure
without any doped materials in the core or cladding. PMF is usually used in Sagnac
interferometers (SIs) to introduce optical path difference and cause interference between the two
counter-propagating waves in the fiber loop [2,3]. However, conventional PMFs (e.g. Panda and
bow-tie PMFs) have a high thermal sensitivity due to the large thermal expansion coefficient
difference between boron-doped stress-applying parts and the cladding. Previous reports showed
that the PM-PCF based SIs are 55/164 times less sensitive to temperature than that of
conventional PMF based ones [4,5]. In this paper , we extend our previous work [3] by presenting
a detail study on the temperature induced air pressure effect inside air holes of the fiber.
Experimental results showed that the temperature sensitivity can be further reduced by
eliminating the air pressure effect on the fiber.
2. Experimental setup and operation principle
Fig. l(a) illustrates the experimental setup for the direct comparison of two PM-PCF based SIs.
For one of the SIs, the connection between the PM-PCF and single-mode fiber (SMF) was made
via strong fusion splicing with a total loss of -3 dB [6]. In this case, the air was trapped inside
the holes of the PM-PCF, thus pressure was allowed to build up inside the fiber. For the other SI,
the fibers were manually aligned by a splicer without fusion. This allowed the air pressure inside
the PM-PCF to be released as the temperature increased. Two filter wavelength-division
multiplexers were implemented to multiplex the two SIs, which have the same operation
wavelength range, from 1500 nm to 1562 nm for port 1, and from 1570 nm to 1640 nm for port
2, respectively. By using this multiplexing technique, the response of the two SIs can be
measured simultaneously. In each SI, an identical conventional 3-dB single-mode fiber coupler
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Fig. I. (a) Schematic diagram of the two PM-PCF based SIs (Inset shows the SEM image ofPM-PCF and the alignment
between PM-PCF and SMF as viewed from the screen of the splicer), and (b) transmission spectra of the two PM-PCF

based SIs from room temperature to 160 °C, under blue-shift .
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and a PM-PCF with the same length of - 43.5 em is used for easy comparison between the two
cases. The PM-PCF (PM-1550-01, produced by Blaze-Photonics'") has a beat length of less than
4 mm, and birefringence > 3.8 x 10-4 at 1550 nm. The SIs were laid inside a quartz tube, which
was placed inside a furnace. The alignment of the PM-PCF and SMF was done and kept outside
of the tube, therefore in each case, only half the PM-PCF was coiled into a small diameter and
placed in the middle of the tube. The other half of the PM-PCF extended to the outside of the
tube. The temperature of the furnace is adjustable and can be measured by a thermocouple.
3. Experimental results and discussion
Fig. l(b) shows the transmission spectra of the two PM-PCF based SIs. The spacing between two
adjacent transmission minima is -6.2 nm and extinction ratio betters than 20 dB or 10 dB for the
two cases were achieved, respectively. We consider the 1554.4 nm and 1584.0 nm transmission
minima to make sure that there is no WDM filter distortion on the transmission signals. They
were both blue-shifted when the temperature increased from room temperature (23°C) to 160
°C, as shown in Fig. l(b). From 160°C to 200 °C, the coating of the PM-PCF was affected and
became yellow. There is a red-shift of the transmission minimum in contrast to the measured
results at low temperature range, as shown in Fig. 2(a) . Previous reports showed that the PM
PCF had a reduced temperature sensitivity of -2.2 pm/°C at low temperature range [3,5]. Here,
only about half of the PM-PCF has been under the applied temperature variation, the total
wavelength shift of the transmission minimum is much less than the reported values. The
measured results of the two SIs are illustrated in Fig. 2(b). From the figure, we notice that the
spliced one is under larger wavelength shift than the one without splicing. The reason behind this
is that the pressure of the un-released air increased due to the temperature increase in the spliced
PM-PCF. However, the air pressure inside air holes of the aligned only PM-PCF is kept at a
constant atmospheric pressure . The wavelength shift was measured in steps of 0.04 nm, which
was limited by the wavelength resolution of the optical spectrum analyzer used in our
experiment. As temperature fluctuation is inevitable in most of the sensing applications, the
temperature induced pressure effect on the PCFs needs to be considered, especially for those are
vulnerable to pressure because of the air holes structure . One possible method to eliminate this
pressure effect is to have side access to the holes of the PCFs.
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Fig.2. (a) Transmission spectra of the two PM-PCF based SIs from 180 °C to 200 °C, under red-shift , and (b) wavelength

shift of the transmission minimums from room temperature to 200°C for the two SIs, respectively.

4. Conclusions
The air pressure effect on the temperature characteristic of the PM-PCF based SI has been
investigated from room temperature to 200°C. Experimental comparison has been carried out
between two PM-PCF based SIs with spliced end and aligned end with SMF. The study shows
that for PCF based sensors which are vulnerable to pressure, the temperature induced pressure
effect need to be considered. The temperature sensitivity of PCF based sensors can be further
reduced by eliminating the air pressure effect.
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