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Abstract

Aiming at the design of a magnetic field sensor utilizing the
Faraday effe~t, we give in this paper a description of measu
rements of magneto-optical properties of YIG. We also give
sensor design rules based upon these measurements.

Introduction

Fiber optic sensors utilizing the Faraday effect for measuring
current in high-voltage applications have been discussed for
quite a long time [1,2]. One of ~any considerations is whether
to use a sensor material which is magnetically linear but with
low sensitivity, or a material with higher sensitivity but non
linear characteristics. As we are working towards a compact
single-mode sensor system, with polarization-preserving optical
fibers, and an integrated optic sensor element, we have chosen
the latter alter~ative, with YIG (Y

3
Fe s0 12 ) as the sensor mate-

rial.

To aquire knowledge of the influence of different parameters
on the magneto-optical properties of YIG, and to optimize the
sensor design, we have developed dn equipment for measuring
light polarization rotation and transmission as a function of
magnetic field in two perpendicular directions and temperatu
re under different conditions [3]. This paper gives a short
description of this rneasuremerit system and a presentation of
some of the most important experimental results, such as the
influence of sensor dimensions, measuring beam size, sensor
material treatment etc.

Measurement system

Polarized He-Ne laser light (1152 nm) is sent through a sample
and is then split into two orthogonal polarization directions
and focused onto two germanium photodetectors. The absolute
accuracy in polarization angle determination is better than 0.5
mrad. Surrounding the sample are two sets of electromagnet
coils and equipment to vary sample temperature. The sample is
accurately moveable in the plane perpendicular to the laser
beam. By varying the beam diameter, either the entire sample or
selected spots down to 30 ~ can be measured. All the instru
ments and actuators are connected to a desktop computer, which
is controlling and logging the experiments.

Measurement results

YIG crystals grown by BTRL in England were used for all the
experiments. Figure 1 shows the relationship between applied
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field along the light beam and polarization rotation in a 2 mm
x 2 mm x 2 mm YIG cube as measured with a 0.2 ~~ diameter light
beam. The measurement was made on a cube cut from an inclusion
free part of the YIG crystal. Measurements made at different
locations on the sample and on oth~r samples give similar
results, although the exact nature of the non-lineareties and
hysteresis differ. The measurement in fig 1 was made along the
(1 / 1,1) direction but no significant differences where found
between different crystal directions.

In order to release internal mechanical stress and to cure
lattice defects introduced by the sawing and polishing of tIle
sample it was annealed for 35 min at 10000 C with a slow coo
ling (~ 5 hours). This treatment had a significant effect.
Although there were still regions with large non-linearetics,
there were also areas of the crystal with much improved line
arity, fig 2.

A completely linear behaviour was achieved with a bias field
perpendicular to the light beam. This can be explained by the
alignment of the magnetization of the entire sample to a common
direction from which it is then rotated linearly by the longi
tudinal field. This method of linearization was not further
investigated since it was considered to give a complex sensor
construction. To gain better understanding of the magnetic
behaviour and possibly achieve a better linearity, without
using a bias field, YIG slices (1.4 mm x 1.4 mm x 0.3 mm) were
used for further experirnentso Measurements were made along the
(1,1,1) crystal direction, perpendicular to the slice surface.
When the polarization rotation was measured with a 0.2 mm beam
diameter, the result was as in fig 3.

The reason for the better linearity in the measurements with
the thin sample in fig 3 than in those with the cubic sample
can be found in the magnetic domain behaviour. With the cubic
crystal domains are formed in a 3 D structure but with the
thin sample a more well defined 2 0 structure with all domains
extending all the way through the sample is achieved. This can
be seen in fig 4 were a measuring light beam l narrow enough (30
~) to resolve the individual domains, is scanned over the
sample.

With an external magnetic field the' area balance between the
domains in the two directions is changed causing the average
rotation as measured with a larger beam diameter to change.
Thus, the size of the measurement area is important. Fig 5
shows the deviation from linearity as measured with 0.2 mm
and 2 mm beam diameters.

Besides the linearity we have investigated the temperature
dependence of the rotation and the sensitivity to fields per-
pendicular to the measured field. According to our measurements
the polarization rotation has a temperature coefficient of +
+ 0.1 %/oC in the range [20 0 C I 120°C]. Perpendicular fields, up
to 10 mT, influences the relationship between applied longitu
dinal field and polarization rotation only to a small extent
« 1% deviation from linearity). Fields above 10 mT causes much
larger deviations with non-linearities of 10% or more.



335

Sensor design considerations

The primary demand on a useful sensor is of course to give a
reproducible and unambigous relationship between polarization
rotation and applied field. Linearity is also desireable,
though not necessary. From our measurments the following design
rules can be concluded.

The measuring light beam should be expanded to cover the
entire crystal surface, to minimize the effects of si~gle

domain behaviour.

The crystal should be annealed after cutting and polishing,
to cure and release the mechanically induced lattice
defects and tensions. It should be noted that the domain
wall movements are obstructed by lattice defects as well as
surface defects and both the crystal growth and the polish
ing should be done with care, to avoid such defects.

The crystal" geometry should be optimized considering the
demands on high sensitivity (thicker crystal) and well
defined domain structure (thinner crystal). A way to com
bine these demands is a multilayer structure, or a light
beam configuration utilizing multiple reflections. Other
ways to increase sensitivity might be to change garnet
composition and/or use light of shorter wavelength.

The temperature dependence of the rotation can be electro
nically compensated for, using simultaneously measured
temperature values. An alternative is to use another garnet
composition [4J.

To reduce the influence of magnetic fields perpendicular
to the measuring direction a magnetic circuit s~rrounding

the sensor crystal can be used. It is of course also pos
sible to measure and compensate for the perpendic~lar

field. .
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