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ABSTRACT: The microstructure and grain boundary chemistry of MnZn ferrites for high frequency Switch Mode Power Supplies (SMPS) were
investigated. Results show that the oxygen partial pressure, applied during the sintering of ferrites, is of vital importance for the microstructure
development, grain boundary chemistry and magnetic properties of MnZn ferrites.
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POVZETEK: Raziskovali smo vpliv kemijske sestave meje med zrniin razvoj mikrostrukture MnZn feritov za moénostne aplikacije. DoseZeni rezultati
kaZzejo velik vpliv parciainega tlaka kisika v fazi sintranja na razvoj mikrostrukture, kemijsko sestavo meje med zrni in magnetne lastnosti MnZn

feritov.

INTRODUCTION

The application of Switch Mode Power Supplies (SMPS)
increases permanently and promotes the development
of new materials which enable a higher energy transter
per volume unit of ferrite material, the operation of
territes cores at higher frequencies and an efficient
design of new, improved circuits.

The useful application of MnZn ferrite in SMPS is asso-
ciated with long term investigations. Particularly the
optimisation of the composition and the engineering of
the microstructure were important in improving the fer-
rite quality and achieving cores with good performances.
However, on a fine scale the ingredients present inten-
tionally (TiO2, SnO>) or not (Si0O2, CaO) can modify the
grain resistivity or segregate on the grain boundary and
formisolating films which increase the bulk resistivity. In
that way the eddy current losses which dominate other
losses at higher frequencies can be effectively sup-
pressed"2%).

EXPERIMENTAL

Ferrite samples of various compositions were prepared
by conventional ceramic process using chemical grade
materials. A computer-controiled tube furnace was used
to regulate the firing temperature and oxygen partial
pressure. Ferrite toroids were sintered for 2 hours at
1200, 1300 and 1355°C with egilibrium pO2, which en-
ables 70, 80, 90 and 85 % decomposition of excess
Fe>Os.

The temperature dependence of core losses was
measured with a wattmeter at test frequencies 25 and
100 kHz and induction level of 200 and 100 mT. Other
frequency dependent parameters were measured using
the impendance analyser.

The microstructure was determined by optic microscope
and grain boundaries were inspected by the use of TEM.

Table I: Compositions of ferrites studied and sintering profiles

A | Mng sseZno 260Sn0.010Tio.011Fe2 06104y 1 Ts=1300°C t=2h 070 %
B | Mno.ssaZno.266Sno.010Tio.011Fe2.05504ty 2 Ts=1200°C t=2h 0,80 %
C | MnosseZno.268Sno.010Tio 011Fe2.05204+y 3 Ts=1355°C t=2h 0285 %
D Mno,esgzno,zﬁSnomoTiom1Feg,o4904_iy 4 Ts=1300°C t=2h 02—90 %
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Fig. 1: Temperature charactetistics of permeability

RESULTS AND DISCUSSION

In Fig. 1 the temperature dependence of initial magnetic
permeability vs. ferrite stoichiometry is shown. The com-
positions of ferrite studied and the sintering profiles used
are presented in Table 1.

The gradual increase in the FeO in samples is accom-
panied by a corresponding shift of Tsmp (Tsme = tem-
perature where the permeability exhibits the peak in
magnetic permeability). At that temperature the mech-
anism of magnetic polarisation is at least hindered so
the temperature characteristics of core loss exhibits at
that temperature its minimum as can be noticed from the
temperature characteristics of core losses, Fig. 2. In Fig.
3 the frequency characteristics of initial permeability vs.
composition is shown. The firing cycle was identical for
all samples studied. The courses of frequency charac-
teristics of magnetic permeability for samples A, B, C
and D are similar, demonstrating that the limited change
inthe composition of samples studied does not influence
noticeably the frequency stability, provided the firing
cycle and hence the microstructure and stoichiometry
are identical. A slight deviation can be noticed for sam-
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Fig. 2: Temperature characteristics of core loss

ples A. The microstructure inspection of samples A
shows thatinthese samples the beginning of discontinu-
ous grain growth can be found here and there.

Onthe other hand, samples A1 and A4, sintered at firing
cycles 1 and 4 respectively, show different courses of
frequency characteristics of electric resistivity, Fig. 4.
During the firing cycle 1 higher partial pressure of
oxygen was applied (Table ). Samples A1 show lower
grain boundary resistivity while samples A4 exhibit
higher grain boundary resistivity. At higher frequencies
where the grain-boundary layer is short-circuited by the
high displacement current, both curves approach to the
same resistivity, that is to that of ferrite grains.

TEM examinations of samples A1 and A4 show that the
segregation of ingredients in samples A4 is much more
pronounced, Fig. 5b. Besides, these samples exhibit a
fine grain microstructure as well, Fig. 4b. Therefore a
higher number of grain boundaries and the presence of
insulating layers on it due to impurities segregation

=+ S 3 S ¢ o 4 S 4 S+ s ) S ¢ o § GOt § TS ¢ ey €

i W S

10° - NN
=0 F M R
I B \
S L || e 04 \\
£ —

[ { H {1

10! 1

Fig. 3:

Frequency characteristics of initial permeability
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Fig. 4a,b: Frequency characteristics of resistivity

increase their grain boundary resistivity and minimises
their eddy current losses.

On the other hand samples A1 exhibit lower grain
boundary resistivity, and larger average grain size (Fig.
4a) while the segregation of impurities on their grain
boundaries is less pronounced, Fig. 5a.

Since the sintering time of samples A using profiles 1
and/or 4 was the same in both cases one is justified to
suppose that the grain boundary velocity is the most
important parameter which governs the microstructure
development and grain boundary chemistry and conse-
quently eddy current losses.

In MnZn ferrites the microstructure development de-
pends on the kinetic of grain boundary and pore mo-
tion™. Further, grain boundary and pore velocity depend

on the volume diffusion of vacancies, surface diffusion
and vapour phase (oxygen) transport which determines
the grain boundary velocity in MnZn ferrites to a great
extent. Therefore the oxygen partial pressure is the
essential parameter governing the intrinsic and effective
grain boundary velocity in MnZn ferrites. In the case the
grain boundary exceeds the pore velocite/, large grains,
exhibiting non-isolating grainboundaries® with intragra-
nular porosity are formed. However, when the pores are
attachedto the grain boundaries during grain growth and
a normal microstructure is formed, this is still not a
guarantee for the formation of thick isolating grain boun-
daries, this is particularly true when relatively large
grains are formed. Besides, samples A1 show large
pores which increase the substantial magnetic flux den-
sity and total magnetic losses.

In samples studied the difference in the microstructure
and consequently different magnetic losses are due
primarily to different ambient conditions, i.e. different
partial pressure of oxygen during sintering. The oxygen
partial pressure and the temperature were found to be
the most important parameters governing the micro-
structure development and grain boundary chemistry
during the engineering of the performances of MnZn
ferrites. Besides, a relatively high oxygen partial press-
ure increases the grain boundary resistivity due to the
preference oxidation of ferrous ions in the grain bound-
ary region'”) and enhance the impurities segregation on
the grain boundaries'®. However, oxXygen pressure in-
duced high grain boundary velocity may eliminate the
beneficial influence of high oxygen pressure during sin-
tering of power ferrites.

CONCLUSIONS

The chemical composition of MnZn ferrites studied has
a remarkable influence on the temperature charac-
teristics of core losses in SMPS. Particularly, composi-

o-Si, 0-Sn, a-Ca, x-H
Sample Al
{1x/ tge)
% _____ e 2100 e
= | (1¢/ ledes
L e o -
" 1030
'
-~ .

% -10.88
~1070

el 050

| NTTENE VO EEN SN S N S N S SO |

€8 - Grain bovndary
8- Spot et dittonce 8

8eam Diamster
[ —

o-Si, 0-S, o-{a,

Sample AL

| | S |

S00100 8 60 40 20 O
Distance from grain boundary (nm)

t 1 3
"0 80 MM 03NN 00
Distance from groin boundary (nm)

Fig. 5a,b: TEM/EDX study of the segregation of elements at grain boundaries in a - sample A1 and b - sample A4. Peak
intensity ratios for diferent elements (scaling element is Fe), normalised to values measured at the grain boundary
are plotted as a function of the distance from the boundary.
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tionsrich in ferrous ions modify the temperature charac-
teristics of core losses to a great extend. The sintering
parameters which keep a continuous grain boundary
migration, i.e. a relatively high oxygen partial pressure,
increase the average grain size and hinder the formation
of insulating films on the grain boundaries that leads to
high core losses.
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