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An attractive alternative to inductive sensors for plasma current measurement consists 
in using the Fiber Optic Current Sensor (FOCS). Its principle of operation is based on 
the Faraday rotation experienced by a polarized light beam passing through an optical 
fiber performing a loop around the plasma current. Since the parasitic linear 
birefringence obscures the Faraday rotation, it must me compensated or eliminated. In 
this paper we use the Jones calculus to model a polarimetric optical scheme for the 
measurement of the plasma current and we compare the performances of various types 
of optical fiber regarding the intrinsic and the induced linear birefringence. 

Introduction 
Fiber Optical Current Sensor (FOCS) has already been proposed as an alternative to 
inductive sensors for the measurement of the plasma current in the thermonuclear fusion 
reactor [1]-[3]. Its operation is based on measuring changes in the state of polarization 
(SOP) of light which passed through an optical fiber. Due to the Faraday effect, the SOP 
of an incoming light is indeed rotated when the fibre is subject to a  magnetic field 
aligned with the optical fiber[4]. By installing a fiber loop around the plasma current to 
be measured, the polarization rotation is directly related to the magnetic field integral 
along the loop and the plasma current can then be determined using the Ampere’s law. 
Nevertheless a parasitic effect called linear birefringence, invariably present as a result 
of manufacturing imperfections (residual stress after drawing, elliptical core), bending, 
transverse pressure, vibrations and temperature variations, also modifies the SOP along 
the optical fiber and interferes with the Faraday rotation and results in an important 
distortion of the sensor output. The random nature of linear birefringence, induced by 
mechanical and temperature variations cancels the possibility of a predetermination. 
This is the reason why low birefringence optical fibers are in high demand for sensing 
applications and in particular electrical current sensing.  
 
In this paper, we consider a simple polarimetric FOCS in transmission and we simulate 
the influence of residual parasitic linear birefringence on the accuracy of plasma current 
measurement (up to 17MA) for the standard, low-birefringence, spun and highly 
birefringent spun fibers. Since spin periods of spun fibers have been successfully 
reduced to a scale of a few millimetres [7], highly birefringent spun fiber are good 
candidates for current sensing as they can present on one hand an extremely low 
averaged intrinsic linear birefringence and on the other hand a good immunity to 
external induced linear birefringence. 
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FOCS modelling 
We consider for the measurement of the plasma current the polarimetric optical scheme 
in transmission (Fig.1). The value of the plasma current is deduced from the Faraday 
rotation ρ of the SOP of the light propagating inside the optical fiber surrounding the 
current [1]. Since in reality, the SOP is also modifies by both intrinsic and extrinsic 
linear birefringence, we simulate the error made on the plasma current measurement 
with a Jones model of a FOCS [11]. The net birefringence of an optical fiber section can 
be represented in the general case by two lumped birefringent elements [5][8-9], a 
retarder R(z) with φ(z) representing the orientation of the principal axis and a rotator 
Ω(z). The Jones matrix of the whole system is given by: 

Jout (z) = R(z)*!(z)* Jin  
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Jin and Jout are respectively the input and output Jones vector, ξ is the spin rate, f is the 
Faraday rotation per unit length, Δβ is the unspun linear birefringence and φ(0) is the 
initial orientation of the major axis of the fiber. 

 
Fig. 1 Polarimetric FOCS in transmission. The 
current is deduced from the Faraday rotation ρ  
experienced by a linear polarized light when the 
optical fiber is surrounding a current. 

 
Fig. 2 stack of uniform birefringent optical 
sections where the major axes of each plate are 
rotated ξ.t with respect to the previous plate. 
 

Fiber types comparison 
There are usually two methods to reduce the global birefringence in an optical fiber. 
One solution consists in the reduction of fiber index profiles asymmetries, e.g. 
annealing of a fiber after fabrication relieves the internal stresses in the coiled fiber. 
These low-birefringence fibers are modelled by eq(1-4) where ξ=0. Figure 3 represents 
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the relative error made on the plasma current as a function of the beat length 
βπ Δ= 2LB  and the plasma current. If we consider a standard silica fiber with the 

Verdet constant of 0.54 rad/T.m, the maximum Faraday rotation is equal to 11.6 rad for 
a plasma current equal to 17 MA. 
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Fig. 3 Relative error on plasma current measurement [0 - 17MA] and beat length [150 360m]. 

 
As expected, the relative error decreases when the beat length increases but even for 
lowest birefringence fibers available on the market with the beat length of 360m, the 
relative error is non-negligible for small currents. Moreover, low birefringence fibers 
are highly sensitive to external perturbations (side pressures, vibrations) that also induce 
a parasitic linear birefringence further reducing the precision of the sensor.  
 
The use of spun fibers is another solution to overcome the induced linear birefringence 
problem. Such fibres are fabricated by performing a rotation of the optical fiber preform 
during the drawing so that a permanent twist ξ is created in the fiber to average the 
effect of the fast and slow axis. A spun fiber can be considered as a stack of uniform 
birefringent optical sections of length t where the major axes of each plate are rotated by 
ξ.t with respect to the previous plate (Fig.2). Again, spun fibers are sensitive to external 
perturbations but the spinning process allows the use of a highly birefringent preform to 
increase the resistance to extrinsic linear birefringence [10]. 
 
Figure 4 represents the relative error made on the plasma for highly birefringent fibers 
(LB ∈ [0.1 1m]) with a spun period of 0.01m. The average relative error has been 
reduced by two orders of magnitude compared to the unspun fiber. 
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Fig. 4 Relative error on plasma current measurement [0 - 17MA], beat length [0.1 1m] and spun 

period 0.01m. 
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Conclusions 
Annealed fibers are suitable for current measurement since they present a low intrinsic 
birefringence. Nevertheless they are very sensitive to external perturbations and they 
require an adequate housing to reduce the parasitic extrinsic linear birefringence. 
Polarization maintaining fiber with high build-in linear birefringence would be ideal for 
noisy and harsh environment like ITER but the intrinsic linear birefringence would 
completely quenches the Faraday rotation. The highly birefringent spun fiber with 
millimeter spin period can be considered as a compromise between a low-birefringent 
fiber ideal for electrical current sensing and a polarization maintaining fiber that is less 
sensitive to packaging and external constraints like bends and vibrations. The 
temperature dependency of the birefringence of classical hibi fibers can be strongly 
reduced by using a fiber with geometrical birefringence such as an elliptical core fiber 
or a photonic crystal fiber [12].  
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