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RESUMEN
La nueva generación de sistemas eléctricos de potencia para sistemas 

móviles requerirán reducciones de volumen y peso considerables. Los 
nuevos dispositivos semiconductores dispondrán de frecuencias y voltajes 
de funcionamiento más altos, lo que permitirá la reducción del volumen de 
los componentes pasivos, dieléctricos y magnéticos. Una estrategia posible 
es mutualizar los componentes magnéticos en convertidores multicelulares 
entrelazados. Estas arquitecturas requerirán nuevos materiales magnéticos con 
formas complejas. En este trabajo proponemos una estrategia general para 
producir las geometrías complejas que se requerirán para validar los nuevos 
conceptos en arquitecturas de convertidores entrelazados.
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ABSTRACT
The next generation of on-board power electronics will be highly demanding 

on volume and weight reduction. Higher frequency and higher voltage 
devices could allow for the reduction of the passive components, dielectric 
and magnetic. A possible strategy is to mutualize the magnetic components in 
interleaved multicellular architectures. This will require new ceramic magnetic 
materials and complex geometries. We propose in this work a general strategy 
to produce complex geometries required at the development stage of such new 
architectures.
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INTRODUCTION
Power electronics (PE) is a branch of electrotechnics that concerns the static 

converters. PE allows for the management and conversion of the electrical 
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energy from the source to its final use. At the heart of the PE systems we 
find the semiconductor devices that allow for high energy efficiency in the 
conversion process. Along these active components, energy must be stored 
and conditioned by other elements known as passive components. Capacitive 
and inductive components are coupled to semiconductors to complete the total 
conversion chain. These PE systems cover from very small power, mW, to large 
power applications (several MW) (Meynard T. et al.1). Particularly on-board 
electronics, for transportation applications, require an increase on the total 
energy density of the systems. Hence, total volume reduction involves every 
part of the PE system, including the passive components. There is a great effort 
on the research of new solutions for the integration of passive components to 
reduce their footprint on the final system and ultimately to reduce their volume, 
an example of these investigations is given by Lu D, Wong.2 This system 
integration needs the contribution of designers, that propose new topologies: 
materials scientists, developing materials with improved intrinsic properties; 
and materials processing researchers, that develop methods to produce real 
objects that can be used for a proof of concept of the new topologies.

It is possible to find several examples of capacitor integration for medium 
power applications, Lu D. et al.3 and Doan T. et al.4 are good references, however, 
for magnetic components, examples are limited and they take into account only 
the contribution of system designers by using commercially available magnetic 
materials. Volume reduction of magnetic passive components can be achieved 
by sharing, in a single magnetic component, several fluxes interleaved in 
frequency. This requires several semiconductors working in parallel to produce 
the phase shifted current that feeds the interleaved converter.

Magnetic materials used for medium PE applications already require to work 
in the frequency range of several hundred kHz, specially if new semiconductors 
will be driving such systems, such as SiC or GaN, explained by Bowers JS5 and 
Shur MS6. In the case of interleaved converters, the effective frequency at the 
magnetic component is multiplied by the total number of magnetic cicuits that 
are shared by the component. Hence, is necessary to use magnetic materials 
that allow operating frequencies in the MHz range. Recent works on ceramic 
materials offer the possibility to use Ni-Fe manganites that could respond to this 
requirement. The works from Lucas A. et al.7 and Lucas. 8 shows the impact of 
Cu additions on the sintering and performance Ni-Fe manganites. The potential 
use of such materials on interleaved converters is largely dependant on the 
capability to make large passive components made of a ceramic material, along 
with the complex geometries required by such converters. A demonstration of 
the complex shapes required by interleaved magnetic components is shown in 
Figure 1, as explained by Costan V. 9 The objective of this work is to propose a 
method to obtain the large geometries needed by the interleaved converters for 
medium power applications.

When it comes to making a large ceramic component, two procedures 
are very important: shaping and sintering. In the case of shaping, it can be 
done either before sintering, on a green compact, or after sintering on a fully 
dense material. There are some examples of multicellular converters that are 
shaped from commercial ceramic components, as explained by Videau N10 and 
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Forest F.11 This method has the disadvantage that materials are hard and brittle, 
and only diamond-based tools are adapted to this step. We propose to shape 
the green body of the pressed ceramics prior sintering and explore the impact 
of pressing technique on the magnetic properties, then we will give a model of 
realization of a large magnetic component.

Fig. 1. Scheme of a six-legged Intercellular Current Transformer (ICT).

EXPERIMENTAL
The used ceramic powders are based on a Ni-Zn-Cu ferrite studied by Lucas 

A et al.8, with a permeability (µ’) above 300 and with an operating frequency 
of at least 1 MHz (resonance frequency). For any given application the final 
permeability values, losses and operating frequency can be tuned by the control 
of the dopping in the ferrite crystalline structure, studied by Valenzuela R.12

Samples were prepared with a powder with a composition of 
Ni0.3Zn0.55Cu0.15Fe1.97O3, obtained by a solid-state reaction of an stoichometric 
mixture of the elementary oxides (NiO, Fe2O3, ZnO and CuO) at 850°C for 
 2 hours. The powder was wet-milled by attrition to attain an average particle 
size of ~1 µm, then dried and mixed with an organic binder (1.5% vol.) to 
promote its cohesion during the pressing. Prior research on this material has 
been optimized using uniaxial pressing, nevertheless, for large shapes, it 
would be more appropriate to use isostatic pressing to ensure the green density 
homogeneity. A comparison between both pressing methods is done to evaluate 
its impact on the final properties. Powders where pressed using uniaxial pressing 
at 150 MPa and cold isostatic pressing (CIP) between 150 and 250 MPa (EPSI 
NV). For the CIP, it is necessary to use a deformable mould, this was developed 
in-house and described in the following section. After the pressing, samples 
were machined by a numerical drill to obtain toroidal shapes (18 mm external 
diameter, 6 mm internal diameter, and 4 mm thickness), needed for the electrical 
characterization. The tores where then wound with a wire and characterized 
in ac with an RF impedance meter (Hewlett Packard 4291A). From the series 
impedance (Ls) and the series resistance (Rs), it is possible to extract the real (m’) 
and imaginary (m”) components of the magnetic permeability.




