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This paper deals with description of designing, fabrication and analysis of a magnetic field generators. These generators have 
been fabricated for magneto-optic and ellipsometric measurements. The modelling of the electromagnets based on ANSYS finite 
element software is described, various field configurations are discussed. The interest is focused on the distribution of magnetic 
flux density in the air gap located between the pole extenders. The results of discussed theoretical approach have been verified with 
experiments and good accord has been found.  
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1  INTRODUCTION 
 
 
 
 
 

Since the days of Faraday discovery of the polarised 
light interaction with magnetically ordered media (1845), 
magnetooptics has become an interesting and perspective 
field of research, which is of great importance from both 
the fundamental research [1] and applications [2] points of 
view. Especially over the last few decades, when the 
effort continues to increase the capacity and speed of 
recording, reading and transfer of information, magneto-
ptics finds a number of application outputs, such as mag-
netooptical (MO) modulators, switchers, memories and 
other. 

In the frame of material research for new MO systems 
are at the Department of Physics VŠB – TU of Ostrava 
realized the MO and ellipsometrical experiments, which 
enable to determine the characteristics of magnetically 
ordered thin films by optical methods. 

These measurements require placing of the tested 
material sample into an external magnetic field. As the 
most suitable sources of such fields, electromagnets 
generating dynamic homogenous field with fixed sample, 
are designed and applied. To these days all the 
measurements have been done at room temperatures. As it 
seems, the absolutely new possibilities in this area of 
research are offered by studying of MO characteristics of 
nanostructured materials at low temperatures [3], [4]. In 
connection with these questions the problem of design and 
realisation of homogenous magnetic field generator is 
solved. 

 
 
 

2 MAGNETIC FIELD GENERATORS FOR 
MAGNETO-OPTICS 

 
 
 
 

Sources of external magnetic field for magneto-optic 
measurements and magneto-ellipsometry are not produced 
in series and supplied as standard products. They are 
frequently of a specific design based on the respective 
laboratory equipment and measuring needs. Experimental 
configurations (reflection or transmission types or 

potentially both of them), magnitude of the maximum 
value of magnetic induction between pole extensions 
(values of 0.2 to 0.3 T are standard with respect to the 
distance between the pole extensions), homogeneity of the 
magnetic field within the monitored area, research 
focusing (eg construction of magnetic circuits for “in-
plane“ induced anisotropy differs radically from the 
geometry of the magnetic circuits for specification of 
magneto-optic parameters in the polar configuration), 
magnetic circuit material (air coils, yoke from 
magnetically soft material), measuring at room 
temperature or application of a cryogenic system etc. 
represent important conditions for a specific 
implementation. 

Our paper describes three basic types of the magnetic 
sources for magneto-optic measurements – the Maltese 
cross, O-ring and Quadrant versions. All these devices 
were developed and implemented structurally (some 
variants even in the number of several pieces) at the 
Department of Physic, Faculty of Mining and Geology of 
the Technical University of Ostrava. All these versions are 
preferentially designated for transversal and longitudinal 
experimental configurations. Utilization of a magnetically 
soft material for construction of the magnetic circuit 
(yoke) itself of the magnetic field source is another link. 
The material for construction of direct current magnetic 
circuits with the Arema trade name was applied in our 
case. The parameters of the Froehlich-Kenelly equation 
for analytical expression of magnetic properties of the 
mentioned material were calculated by fitting the B-H 
curve. These parameters were then implemented in the 
ANSYS [5] software environment that was used for the 
process of modelling and optimising individual magnetic 
circuits. ANSYS contains a complete range of 
development environment from a solid model through its 
solver up to processing and displaying the calculated data 
(post-processing) and allows resolving the complete 
problem in a complex way. More detailed information is 
available either in references or directly in the supporting 
texts for the software product mentioned above. 
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3 “MALTESE CROSS” TYPE GENERATOR 
 
 
 
 
 

The “Maltese cross” type magnetic generator was 
designed on the basis of a requirement of studying the 
reflex magneto-optic phenomena in transversal and 
longitudinal configurations. The general concept is 
apparent from the Fig. 1. The magnetic circuit is based on 
frame geometry of the cross section of 40 × 45 mm. 
Individual arms of this frame consist always of two parts. 
This approach was selected with respect to the imple-
mentation technology. The pole extensions (transversal 
cross section of 45 × 20 mm) that are freely movable in 
the arms are positioned in the centres of individual arms. 
This variant of the design both allows application of any 
number of pole extensions (generally one up to four, pairs 
of opposite extensions according to character of 
measuring are used in practice) and brings the possibility 
to modify the distance between the pole extensions and to 
modulate the magnitude of the magnetic field in the 
measuring area considerably in this way. Coils are 
positioned on the bases of the pole extensions. The 
winding outlets are centralized in terminal boards where 
windings of individual coils can be interconnected in a 
simple way (serial or parallel connection). The geometry 
in Fig. 1 is based on the requirement for the measuring 
area of 40 × 40 mm with the maximum magnitude of the 
magnetic field of 0.15 T in the centre of the experimental 
zone. This type of the source of magnetic field is utilized 
for studying reflex magneto-optical of not only thin layers 
with induced anisotropy but also for 1D and 2D periodic 
structures. Besides laboratories in the Czech Republic, 
such source was implemented also for experimental labo-
ratories in France (INSA Toulouse) and in Canada (SFU 
Vancouver).  

 

 
4 “O-RING“ TYPE GENERATOR 

 
 
 
Ň 
 
 
 

Experimental practice requires – eg when studying 
anisotropy in sample level – more accurate specification 
of the directions of the external magnetic field. One of the 
options of solution is constructing an external circular 

magnetic circuit (outer diameter 160 mm) with eight pole 
extensions (15 × 15 mm), see Fig. 2. Again, like in the 
case described above, the pole extensions are locked 
independently. One up to eight arms can then be applied 
in a given experimental configuration (the arms are used 
in opposite pairs in practice). Dislocation of the exciting 
coils with possibility of arbitrary connection of individual 
segments is apparent from Fig. 2.  

 

The area for sample positioning in the illustrated 
configuration is approximately circular with diameter of 
30 mm. The values of the maximum levels of magnetic 
induction range in the band between 0.15 T and 0.2 T in 
this case.  

As mentioned above, all designs of the presented 
sources of magnetic field were analysed theoretically in 
the ANSYS environment. One of the outputs of modelling 
of the “O-ring“ type generator is illustrated in Fig. 3. 

 
 
 
 
 
 
 
 
 
 
 

5 QUADRANT GENERATOR 
 
 
 
 
 
 

The magnetic field generator was designed on a basis 
of a quadrant source. This design is conditioned both with 
the requirement of independent setting of magnetic flow 
in two perpendicular directions and with the need of 
magnetization vector indexing in the sample level. With 
respect to the fact that the design of the device requires at 
the same time also compatibility with a cryostat, the 
initial geometry of the generator in a shape of a spatial 
cross was selected. The magnetic circuit consists of a pair 
of mutually perpendicular arms. These arms are made of a 
magnetically soft material (AREMA), have a square cross 
section (40 × 40 mm) and each of them consists of three 
segments (Fig. 4). Individual components are joined 
mechanically with screw connections. This design was 
selected because of assembly of the magnetic source when 
the coils were manufactured separately and put on the 
magnetic circuit elements only in the final stage of 
assembly. 

 
Fig. 1. “Maltese cross” type magnetic field generator 

 

 
Fig. 2. “O-ring“ type magnetic field generator 
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The face parts of the pole extensions pass in a 
cylindrical shape with diameter of 10 mm. This modi-
fication was proposed with respect to the requirement of 
incorporation of the cryostat in the system and minimising 
magnetic resistance in the respective circuit. A model 
processing of this task indicated that a relatively 
homogenous magnetic field could be expected in the 
central area between the pole extensions. The magnetic 
source coils were designed as self-supporting with a 
cuboidal geometry. The frame of the coils is cemented of 
profiled components made of epoxy resin. With respect to 
mechanical strain during winding and operation as a result 
of thermal expansion, the faces of the coils are fixed with 
four distance connections. Winding itself was carried out 
for each coil in fourteen layers with a total number of 
1,500 loops of copper wire with diameter of 2 mm on each 
coil. The wire diameter is based on the requirement to 
eliminate the need of cooling elements of the magnetic 
field generator in case of long-term exciting with the 
current of 10 A (risk of intensification of noise 
background). The selected diameter of winding allows 
short-term supplying electric currents of up to 20 A. The 
magnetic generator structure is designed as self-
supporting one. For that reason, any other structural 
elements for implementation of an experimental system of 
cryostat with an external source of magnetic field are not 
required. 
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Fig. 3. Modelling of the “O-ring“ type magnetic field 

generator 
 

 
Fig. 4. Quadrant type magnetic field generator 


