High Birefringence Fibre I nterferometer of 12dBm over a spectral width of 33nm centred on a
for Optical Sensing Applications wavelength of 1545nm. The light passed throughlarizer,
P gApp into a length of Polarisation maintaining fibre (PM

. through a rotating connector arrangement and imtoHi-Bi
D. C. C. Norman, Y. Lai and D. J. Webb fibre wound around a piezoelectric fibre stretcfeeming a
_ ‘ o ‘ differential path interferometer. The piezoelectribre
We describe the use of high birefringence fibremiag a  gtretcher was connected to a function generatoe &bl
differential path interferometer for heterodyne réiboptic d litud d f The liaht th
sensing applications. produce a & amplitude serrodyne waveform. The light then
passed through a second rotating connector, thraugixer
Introduction: Interferometric techniques in optical fibre (Second polariser) and into a selective conneci@ctihg
measurements that allow the development of highFBG sensor consisted of a single Bragg grating rrealin
performance optical sensor schemes. The abiligeterate ~ ONto & second piezoelectric fibre stretcher so dyagamic
a carrier signal by modulating interferometers wath2 strain signals could be applied, reflected liglnirthe FBG

serrodyne waveform has been successfully appliedany ~ Sensor was directed through a coupler to a photedand
interferometric fibre optic sensor systems [1]. relevant electronic interrogation system. The fiet@metric

Common arrangements for two-beam interferometersS€nsor consisted of a Mach-Zehnder interferomettr an
include the Michelson and the Mach-Zehnder & 9ap in one arm to adjust the optical path diffiee
interferometer, both of which can be used to geeeadoeat ~ (OPD). The light output from the interferometer was
frequency. Differential path interferometers aralagous ~ connected to an arrayed waveguide grating (AWG)
to the Mach-Zehnder interferometers but with this Intérrogation scheme [5, 6].
technique the two beams are carried within a sifigle. R . o _ .
High birefringence (Hi-Bi) fibre can be used to rfora Hi-Bi Fibre Interferometer: Polarised light input into Hi-Bi

differential path interferometer by exploiting thest and ~ fibré at an azimuth of 45 degrees with respect fte t
slow axis in the core of the Hi-Bi fibre [2]. birefringence axis of the fibre will degenerateoiivo non-

In this letter we report on the use of a differahpath ~ interfering orthogonal polarised modes which prapiag

interferometer formed in Hi-Bi fibre modulated teeate a ~ Within the core of the fibre with a differential leg

carrier frequency and demonstrate its performancewp ~ determined by the birefringencAn and the length of the
fibre, L. The detected light at the output of theBi fibre

@ after passing through a mixer exhibits periodiceisity
PR (] Polaiser | x—!—x PV | Mxer variations against the input wavelength [2]. Treefspectral
Source Hi-Bi Fibre (Polariser) T .
range (FSR) of the periodic interferometer outgudiven by
PMF = Polarisation Maintaining Fibre
X — /]2
(_) [ " . A HHHH-— PR @
? Mach-Zehnder
| Interf erometer PZT mﬂ
N Where,\ denotes the central wavelength of the light source
— — andAnL is the OPD of the interferometer. A 21.56m léngt
, 3‘&,— ectrone of Hi-Bi fibre was selected to produce an FSR @&hén and
_ A‘jil:séﬁe Interrogation an associated OPD of 8mm. The carrier signal weated
* = Spice 3 awe | Systems by winding 20m of Hi-Bi fibre around a piezoelectfibre
& =Connector stretcher and applying a ramp waveform sufficient i

amplitude to drive the interferometer over a single
interference fringe. We demonstrated this by insireathe
amplitude of a 0.25Hz ramp waveform and monitorihg
fibre Optic sensor schemes. Firsﬂy’ fibre Brag@“gg fringe pOSitionS at the Output of the H|'B| intqﬂmetel’ with
(FBG) sensor interrogation using a heterodyne amro an optical spectrum analyser. The differential rextof the
adopting interferometric wavelength shift detectifd]. ~ Hi-Bi interferometer means that both arms are subgeto
Secondly, interferometric sensor interrogation ciming ~ the modulation at differing degrees. This results an

heterodyne processing and the dual wavelength appro increased amount of strain that we need to apptiedibre
[4]. to drive the interferometer over a fringe than tvatuld be

necessary if we were to use a two-beam interferensich
Experimental Set-Up: The experimental set-up is shown in as & Mach-Zehnder. The strain we applied to diieeHi-Bi
Fig. 1. A non-polarised erbium-doped fibre amptifie interferometer over one fringe was approximately.6
spontaneous emission source provided a total opiparer

Fig. 1 Experimental set-up.



FBG Sensing: The first demonstration using the Hi-Bi fibre
interferometer

interferometric wavelength shift detection We

[3].
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Fig. 2 Recovered 1Hz strain signal.

modulated the phase of the Hi-Bi interferomete2@Hz
and applied a low frequency strain amplitude f at 1Hz

to the FBG sensor. The FBG had a centre waveleofjth
1558.29nm and a -3dB linewidth of 0.13nm. The outgu
the photodiode was bandpass filtered (at the carrie
frequency) and connected to a lock-in amplifierALIWe
used the serrodyne modulation frequency as theersfe

interferometer at 20Hz and used an AWG to syntkesi®

adopts a heterodyne approach usingseparate low coherent light sources illuminating flystem

[6]. We then monitored their phase difference usiidA as
we adjusted the OPD of the Mach-Zehnder interfetdme
sensor. The results are shown in Fig. 3. The unguabis
range in terms of a change in the Mach-Zehnder @D
200um for the two selected synthesised light sourcése T
errors in the experimental values are predominaitiy to
the Hi-Bi and Mach-Zehnder interferometers, whicte a
prone to fluctuations due to draughts or tempeeatinanges
in the laboratory.

Conclusion: The experimental work reported has
demonstrated that an interferometer formed in HifiBie
can be modulated using a piezoelectric stretchprdduce a
low frequency carrier signal for fibre optic sermgin
applications. We demonstrated its capability ugirsily an
FBG sensing scheme then an interferometric sensing
scheme. The differential nature of this type o&ifearometer
means that for short lengths of Hi-Bi fibre wherdasger
FSR is required the Hi-Bi fibre needs to be stretcknough
to drive the interferometer over one fringe, altjiounot
demonstrated in this work it could prove to be @bpgm.
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and monitored the phase shift using an oscilloscopeUnited Kingdom)

connected to the output of the LIA. The resultssr@wn in
Fig. 2 and show the recovered 1Hz strain signaliego
the FBG sensor.

Interferometric sensing: In this demonstration we used the
Hi-Bi fibre interferometer as a processing intesfeeter
away from the Mach-Zehnder interferometer sensthn it8

400

350 A

300 A

250

h/D/D/
/D/m/

200

150

100 -

Phase Difference (degrees)

50 A

o) T T T T
0 25 50 75 100 125 150 175 200

OPD Displacement (um)

Fig. 3 Phase difference vs. Mach-Zehnder OPD.
Experimental results (squares). Theoretical retatiip
indicated by the solid line.

OPD closely matched to the OPD of the processing
interferometer forming a composite, coherence tuned
system [7]. We again modulated the phase of th@&iHi-
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