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ABSTRACT 
In this paper three highly birefringent (HiBi) spun photonic crystal fibers (PCF) are fabricated and their performance are 
characterized for electrical current measurement. These fibers are tested by coiling them around an electric conductor 
using three distinct winding diameters with different turns. The results present a very good linear relation with the 
current and its sensitivity depends on the winding diameter and on the number of turns. For the larger winding diameter, 
the fiber with lower circular pitch had higher sensitivity and for the smaller winding diameter the best sensitivity result 
was for the fiber with higher circular pitch. 
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1. INTRODUCTION 
The measurement of electrical energy is fundamental to determine the quantity of energy needed and the development of 
sustainable management systems. In this context, electric current sensors are becoming more vital nowadays as they 
allow accurate measurements of consumption and fast identification of failures on power systems1. 

Typically, electric current transformers technology is used. Although this technology has been relatively reliable and 
accurate, it has many performance limitations. In a high voltage environment these systems can be easily damaged by 
heat, short-circuits or atmospheric electrical discharges and it is essential to employ protection circuits and insulation, 
which requires constant maintenance. Also, due to its high dimension and weight, these devices cannot be suspended on 
the electric line and their installation is expensive2,3. 

Fiber optic current sensors (FOCS) are an attractive solution for high voltage current measurement since they are light, 
have intrinsic electric isolation and enable measuring DC and AC currents. A great number of FOCS are based on the 
Faraday effect, which corresponds to an induced circular birefringence. Depending on the configuration this results on a 
modulation of the linear polarization modes or a relative phase delay of circular polarization modes, that is proportional 
to the magnetic field2. 

The sensor can be setup by a single optical fiber coiled around the conductor making it immune to external magnetic 
fields. Also, the sensitivity of the sensor can usually be increased with the number of turns. However, high number of 
fiber turns become more vulnerable to environmental perturbations such as pressure, temperature and vibration4, which 
can degrade the measurement in both a polarimetric or interferometric configuration. Moreover, due to fiber 
manufacturing imperfections in geometry and residual stress, bending and pressure contribute to an increase of the linear 
birefringence, therefore degrading the sensor response. In order to ease these effects several fibers were proposed, 
including annealing after winding, low birefringence (LoBi) fibers, twisted and spun fibers. These spun fibers can be 
LoBi or HiBi and are fabricated during fiber drawing, by spinning the preform at a constant rate. From this group the 
HiBi spun has showed to be better because its nearly independent of additional birefringence produced by bending or 
vibration4,5.  

*ivo.m.nascimento@inescporto.pt; phone +351 22 040 2301 

23rd International Conference on Optical Fibre Sensors, edited by José Miguel López-Higuera, 
Julian Jones, Manuel López-Amo, José Luis Santos, Proc. of SPIE Vol. 9157, 915723 

© 2014 SPIE · CCC code: 0277-786X/14/$18 · doi: 10.1117/12.2059197

Proc. of SPIE Vol. 9157  915723-1



..-. ...........,

.r
:

.:
:
¡
.

.

:
.
:,

.

..0
.

.....:.... ....
e e C C C.......

Typically in these fibers the birefringence is strongly temperature dependent because they use at least two different glass 
materials with different thermal expansion coefficient, so in order to overcome this problem HiBi PCF fibers are 
required6,7. Also PCF fibers have the advantages of being more bent robust and provide possibility of single mode 
operation at multiple wavelengths8. 

In this paper the fabrication of three distinct spun HiBi PCF and its characterization as a current sensor in a polarimetric 
configuration using different winding diameters is reported.  

2. PRINCIPLE AND EXPERIMENT 
A photonic crystal fiber preform was fabricated by the stack-and-draw process. It consists of five rings of periodic air 
holes around a central solid core of 2.6 µm diameter. The air holes have the same diameter except for two larger holes in 
the vicinity of the core that have 3.9 µm (Figure 1). The lattice parameter (diameter of the holes divided by their center-
to-center distance, d/pitch) is approximately 0.6 and it was chosen to guarantee that the fiber was singlemode at 633 nm. 
The internal pressure used to control the diameter of the air holes and the ratio d/pitch was around 100 mbar. The fiber 
has approximately 127 µm diameter. The spun fibers were produced by rotating this microstructured preform during the 
fiber drawing. Produced spin rates were 6, 9 and 11 rps (rotations per second) and drawing velocity around 7.3 m/min 
gives a circular pitch (LS) of 20.28, 13.52 and 11.06 mm, respectively. These parameters generated fibers with a circular 
birefringence of 309.9, 464.8 and 568.1 rad/m, respectively. The linear birefringence was determined by the scanning 
wavelength method using the unspun (0 rps) PCF fiber. The linear beat length (LB) was measured to be 25.32 mm 
(248.15 rad/m) at 633 nm and 5 mm at 1550 nm (1256.64 rad/m). We assume this value remains the same for the spun 
fibers. For this silica fiber, the Verdet constant at 633 is 3.57 rad/(T.m)9. In Figure 1 it is shown the straight section of 
each fabricated fiber and the corresponding mode profile at 633 nm. 

    

    
11 rps 9 rps 6 rps 0 rps 

Figure 1 - Straight section of each PCF fiber and corresponding mode profile at 633 nm 

In Figure 2 it is presented the setup to characterize the developed fibers for current measurement. Light from a 650 nm 
SLD source passes a polarizer followed by a half waveplate (λ/2) used to polarization control. Afterwards it is injected 
into the PCF fiber athwart an objective. When light passes around the conductor experiences Faraday effect and thereby 
its polarization is rotated. At the end light is collimated and the two orthogonal polarizations are retrieved through a 
Polarization Beam Splitter and detected by the photodiodes. A program in LabVIEW was developed to acquire and 
process the two polarizations with a NI DAQ 6343 (1.92 mV resolution) and record the reference signal of the current 
passing in the conductor.  

 
Figure 2 - Characterization setup of the developed fibers for current measurement 

SLD source
at 650 nm 10X

10x

PCF fiber
Polarizer

Half 
WaveplateGRIN

lens

PBS
PC with

LabVIEW NI DAQ
6343

Conductor

Conductor current signal

Photodiode

Objective

Px

Py

High current
Source

Proc. of SPIE Vol. 9157  915723-2



.2x10.0

1.0010 -'

8.0010'

6.Ox10'

tñ

4.0010'

2.0x10'

0.0

D =18 cm; N= 9 turns
Spin Pitch = 11.06 mm-S
- Conductor current

800

700

600

500

E)

400 a
ó
Ú

o
200 0

- 100

0
20 40 60 80 100 120 140 160 180

Time (s)

8.0x10'

7.0x10'

6.0010'

5.0x10'

4.0x10'
tñ

3.0x10'

2.0x16'

1.0x10'

0.0

D =18 cm; N =3tums
Spin Pitch = 11.06 mm
Spin Pitch = 13.52 mm

- Spin Pitch = 20.28 mm
-Slope = (9.264 ± 0.012) 610°
- Slope = (4.433 e 0.010)310'

- -Slope = (2451 ±0.017)010

0 100 200 300 400 500 600 700 800

I ARMS

Maximum sensitivity for each orthogonal polarization is achieved when the output polarizers are at ± 45 degrees in 
relation to the input. Performing the operation 

 𝑃 =
𝑃! − 𝑃!
𝑃! + 𝑃!

= 2𝜃! (2.1) 

makes the system independent of optical power variations improving noise rejection. For a complete number of N turns 
the Faraday rotation is 

 𝜃! =   𝜇.𝑉.𝑁. 𝐼 (2.2) 

where µ is the relative permeability of the medium inside the coil, V is the Verdet constant in rad/(T.m) and I is the 
current passing in the conductor. Taking into account the linear birefringence produced by winding the response 
degrades S=P.SC, with4 

 
𝑆! =

𝐿!"#! 𝐿!!

1 + 𝐿!"#! 𝐿!!
 

(2.3) 

where SC is a factor between zero and one, Lind is the linear beat length due to winding and LE is the elliptical polarization 
beat length given by 

 𝐿! =
𝐿!   . 𝐿!  

(4𝐿!!   +𝐿!!   ) − 2𝐿!  
 (2.4) 

3. RESULTS AND DISCUSSION 
Using all the four fibers described, tests with different coiling diameters were carried out. In Figure 3 (a) it is presented a 
single test where the current passing in the conductor was incremented in a step fashion at every 30 s interval. For each 
step the average and standard deviation are calculated to obtain a calibration curve. In Figure 3 (b) it is seen a good 
linearity of the sensor response in relation to the electric current, for the three Spun fibers. As expected the unspun one 
was also tested but no results were achieved due to its extremely high linear birefringence in relation to the small circular 
birefringence owing to the Faraday effect. 

  

(a) (b) 
Figure 3 - (a) Sensor response to step changes in the applied current and (b) calibrations for the PCF fibers with different spun rates.   

In Figure 4 it is shown a compilation of graphs obtained for different coiling diameter, fibers and numbers of turns 
around the conductor. It is seen in Figure 4 (a), coiling diameter of 18 cm, that the fiber with lower spin pitch gives 
better results up to 6 turns followed by the ones with 13.52 and 20.28 mm spin pitch, respectively. For this last one, the 
maximum number of turns was four due to the lack of fiber length availability. With a coiling diameter of 12 cm, Figure 
4 (b), the fiber with 11.06 and 13.52 mm spin pitch gave similar results. In the last case, Figure 4 (c), with a coiling 
diameter of 6 cm the fiber with higher spin pitch presented better results. 
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Figure 4 – Sensor sensitivity in function of the number of turns around the conductor with a diameter of (a) 18 cm, (b) 12 cm and (c) 
6 cm 

From these results it can be seen that for large coil diameter the fiber with lower spin pitch is preferable and for small 
diameters a HiBi PCF higher spin pitch (lower circular birefringence) is preferable, contributing to better sensitivities. 

4. CONCLUSION 
In this work we fabricated spun HiBi fibers with different spin pitch: 11.06, 13.52 and 20.28 mm. The developed process 
of rotating the fiber preform had no observable effects on the microstructure air holes pattern. This is desirable since one 
wants to maintain the same linear birefringence for different spin rates. The three fabricated spun HiBi fibers showed 
different behavior according to the coiling diameter. For the 18 and 12 cm coiling diameter the results showed better 
sensitivities for the fiber with lower spin pitch and for the 6 cm the one with better result was achieved by the fiber with 
higher spin pitch. 
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