
EP 0 460 760 B1 Description The invention relates to a sintered transformer
core of MnZn-ferrite material. The invention further relates to a
transformer comprising such a core. By means of a transformer the voltage
and/or current of a current 5   source can be transformed into a desired
different voltage and/or current. A transformer core of the type mentioned
in the opening paragraph is known per se. Said core consists of sintered
MnZn-ferrite which is described under code number 3C85 in Philips Data
Handbook C4, 1986, page 13. The sintered ferrite material of the known
transformer core has an average grain size of 9 [err] and exhibits an
initial permeability ([err]) of 2000. The initial permeability is measured
under standard conditions, i.e. at room 10  temperature and 4 kHz. The
known transformer core exhibits optimum properties when it is operated at
fre- quencies of approximately 100 kHz and an induction of 100 mT. Under
said conditions, in particular, the so- called overall losses (P) are
relatively low, i.e. below 250 mW/[err]. Said low losses can be ascribed to
the high initial permeability of the ferrite material. The known
transformer core exhibits disadvantages. It has been found that the overall
losses increase 15  considerably when the core is used in the MHz-frequency
range, more particularly in the range of 2 MHz and higher. The overall
losses of the known coreare 410 mW/cm3at3 MHz (induction 10 mT) and even
800 mW/cm3 at 10 MHz (induction 5 mT). These relatively large losses cause
a strong heating up of the transformer core and transformer housing.
Consequently, the known core is less suitable for use in transformers which
are op- erated in the frequency range of 2 MHz and higher. 20 It is an
object of the invention to provide, inter alia, a transformer core having
low overall losses in the MHz- frequency range and, more particularly, in
the frequency range of 2 MHz and higher. Said overall losses should
preferably be smaller than 200 mW/[err]. Afurther object of the invention
is to provide a transformer which can be operated in the MHz-frequency
range at low heat losses. These and other objects are achieved by means of
a transformer core of the type described in the opening 25  paragraph,
which is characterized according to the invention in that the initial,
relative permeability of the sin- tered ferrite material ranges between 10
and 1000, in that the sintered ferrite material has an average particle
size which ranges between 0.05 [err] and 2.0 [err], and in that at a
frequency in the range of 2 MHz and higher and at a f.B.-product of at
least 30 mT.MHz the overall losses are smaller than 200 mW/[err]. The
transformer core according to the invention exhibits surprisingly low
overall losses when it is operated at a specific fre- 30  quency in the
frequency range of 2 MHz and higher. The overall losses are found to be
intolerably high when the initial, relative permeability is greater than
1000. In that case, there is no frequency in this range at which such a
transformer core can be operated at low overall losses below 200 mW/[err].
In the case of transformer cores having an initial, relative permeability
smaller than 10, there is an unacceptably high electromagnetic irradiation
to the surroundings (air). The f.B.-product (mT.MHz) is a standard
measuring criterion which com- 35  plies with a CECC standard. According to
said criterion, the product of induction (mT) and frequency (MHz) must be
minimally 30. The invention is also based on a better insight into the
losses which may occur in transformer cores. The overall losses, causing
the generation of heat in transformer cores, consist of two contributions,
i.e. electrical losses (eddy currents) and magnetic losses. Said magnetic
losses are composed of hysteresis losses and the 40  so-called residual
losses. Until now, it was assumed that the hysteresis losses contribute
most to the overall losses. It is known that the extent of the hysteresis
losses is inversely proportional to the initial, relative per- meability of
the material used for the transformer core. For this reason, until now
sintered MnZn-ferrite cores having a maximum initial, relative permeability
have been used in transformers to minimize the overall losses. Experiments
leading to the invention have shown that the contributions to the overall
losses in the MHz- 45  frequency range are of a completely different
composition than the contributions in the kHz-frequency range. As stated
above, in the latter frequency range the hysteresis losses constitute the
largest art of the overall losses. In the MHz-frequency range, however, the
largest contribution to the overall losses is made by residual losses into
which so far relatively little investigations have been conducted. For
example, at 2 MHz 80% of the overall losses are residual losses. Further,
it has been found that the extent of the residual losses is proportional 50
to the initial, relative permeability. Consequently, transformer cores
having low overall losses in the MHz-fre- quency range are obtained when
the initial, relative permeability of the material of the core is
relatively low, i.e. below 1000. The sintered ferrite material has an
average particle size which ranges between 0.05 [err] and 2.0 [err]. The
grain size of the ferrite material can be adjusted by means of measures
which are known per se. In this con- 55  nection, important factors are the
grain size of the starting powder to be sintered, the sintering temperature



and the sintering time. An average grain size smaller than 0.05 [err] leads
to an initial, relative permeability of the sintered MnZn-ferrite
materialwhich issmallerthan 10. This brings about impermissibly large
radiation loss- es in transformer cores of said material. Average grain
sizes larger than 2.0 prn bring about an initial, relative 2    EP 0 460
760 B1 permeability larger than 1000. Transformer cores having such a high
initial, relative permeability exhibit im- permissibly large overall losses
at any frequency in the MHz-frequency range of 2 MHz and higher. In view of
the losses it is also important for the grain size in the sintered core to
be uniform. It is observed that in the document "Siemens Components, XXIV
1989 No. 3 entitled "Ferrites for Modern 5 Technology", pages 94-97 MnZn-
and NiZn-ferrites are generally described for a number of applications.
This document discloses that initial permeabilities ranging from 8 - 10000
are possible for such ferrites. The ad- vantage of using sintered
transformer cores of MnZn-ferrite material having an initial permeability
ranging be- tween 10 and 1000 when using them at a frequency range of 2 MHz
or higher is not mentioned or suggested in this document. 10     In an
interesting embodimentof the transformercore according to the invention,
the sinteredferrite material is defined by the formula [err] where 0.05
[err] a [err] 0.5 15       0.06 [err]  b [err] 0.4 0.34[err] c [err] 0.9 a
+ b + c = 1. - 0.05 [err]  [err] +0.05. Transformercores according to this
favourableembodimentexhibitan extremely high saturation magnetization 20
([err]). This saturation magnetization is 0.6 T or more. A high saturation
magnetization is favourable in transfor- mer cores. At a given frequency
and initial, relative permeability, the residual losses of a core having a
high [err] are lower than in the case of a core having a low [err]. A
further advantageous embodiment of the transformer core according to the
invention is characterised In that the sintered ferrite material is defined
by the formula 25                                       [err] where 0.3
[err] a [err] 0.80 0.10[err] b [err] 0.60 0.02 [err]c [err] 0.20 30
a+b+c=1. - 0.05 [err] + 0.05. For this composition range it holds that the
magnetic anisotropy ([err]) of the sintered MnZn-ferrite material is
substantially equal to 0. By virtue thereof, the values of the initial,
relative permeability in the range of 10-1000 can be realised in a simple
manner. 35     It is noted, that a small portion of Fe in the MnZn-ferrite
material can be replaced by Co. It is also possible to add auxiliary
sintering means such as CaO and/or [err] to the material. The invention
also relates to a transformer comprising a primary coil, a transformer core
and a secondary coil, as well as a high-frequency switch fortransforming a
direct voltage on the primary coil into a square-wave- voltage. This
transformer comprises a sintered transformer core of MnZn-ferrite material
according to the in- 40  vention. Said transformer is termed switched-mode
power supply (SMPS). The transformer cores according to the invention can
be used very advantageously in said transformer. Embodiments of the
invention will be explained by means of examples and the accompanying
drawing, in which Fig. 1 is a perspective elevational view of a transformer
core according to the invention, and 45      Fig. 2 is a schematic diagram
of a switched-mode power supply (SMPS) comprising a transformer core
according to the invention. Fig. 1 shows an annular transformer core 1
having an outside diameter 2 ([err]) of 5 mm and an inside di- 



ameter 3 ([err]) of 3 mm. The width 4 and the height 5 of the ring were
1mm. The core may also have a different shape. The transformer core
consisted of sintered MnZn-ferrite material the composition of which
corresponds 50  to the formula [err]. The transformer core may also have a
composition which corresponds to the formula [err] The transformer core 1
was manufactured from a co-precipitated ferrite powder. The preparation of
this powder is described in United States Patent Specification US
3,822,210. A powder having the intended com- position of the core was
successively sedimented, compacted into the intended shape and sintered In
an equi- 55  librium oxygen mixture. This is to be understood to mean that
the partial oxygen pressure of the sinter atmos- phere and the partial
oxygen pressure of the ferrite compositions are substantially equal. in
this manner, a num- ber of the above-mentioned transformer cores, having
different average grain sizes, were manufactured by varying the sintering
temperature ([err]) and the sintering time (0-8 hours). The grain size of
the sin- 3    EP 0 460 760 B1 tered cores was determined by the so-called
mean-intercept-method. The listed grain sizes are calculated by multiplying
the measured values by 0.5x. In all cases, the densities were higher than
95% (exceeding 4.9 g/[err]) of the theoretical maximum density. 5 Table 1
Example       [err] 10 2 MHz      3 MHz          10 MHz    20 MHz a
2000       9       390       410            800        650 15 b
1200       2.7    230        240            750        650 1           800
2.0      65        60            650        700 20      2            600
1.6    100         80           1000        625 3           500       1.0
100          90           450        650 4           350       0.7    150
110           175        600 5           200       0.4    210         140
150        200 25      6            100       0.2    300        250
300        160 30    Table 1 lists data of a number of transformers
manufactured in the above-mentioned manner. Exemplary embodiments 1-6 are
in accordance with the Invention. Comparative examples a and b are not in
accordance with the invention. The measured data refer to the initial,
relative permeability [err] measured at 4 [err] and [err] and an induction
of less than 1 mT, the average grain size d ([err]) as measured by means of
the so-called mean- intercept method and the overall losses P ([err]). The
overall losses are determined at 2 MHz (induction 35  15 mT), at 3 MHz
(induction 10 mT), at 10 MHz (induction 5 mT) and at 20 MHz (induction 2.5
mT). The meas- urements of the overall losses were carried out at [err].
The table clearly shows that in the frequency range of 2 MHz and higher,
the transformer cores having an initial, relative permeability in the range
between 10 and 1000 exhibit relatively low overall losses. It has been
found that the transformer cores according to the invention exhibit minimum
overall losses at a specific fre- 40  quency in the indicated MHz-range.
Said frequency predominantly depends on the initial, relative permeability.
Also the magnitude of the induction Is of some influence. For example, it
has been found that at frequencies of approximately 3 MHz, the cores having
an initial permeability of 500-800 yield the best results. Atfrequen- cies
of approximately 10 Mhz, however, the cores having initial permeabilities
in the range of 200-350 exhibit the lowest overall losses. Owing to their
large overall losses, transformer cores having too large an average 45
grain size (comparative examples a and b) are unsuitable for use in the
frequency range of 2 MHz and higher. With this type of cores no frequency
can be found in said frequency range atwhich the overall losses are small-
er than 200 mW/[err]. Fig. 2 shows a schematic diagram of a transformer of
the switched-mode power supply (SMPS) type in which the transformer core
according to the invention can be advantageously used. In said transformer,
the 50 mains input voltage (50 Hz) is first rectified with a rectifier (1)
and then smoothed with a capacitor (2). Said d.c. voltage is transformed
into a square wave B by means of a switch (3) (switching transistor) having
very 



high frequencies of 2-20 MHz. Said square wave is applied to the primary
coil (4) of the transformer core (5). The transformed square wave signal
which is formed at the secondary coil (6) of the transformer core (5) is
subsequently rectified by a rectifier (7), and then smoothed with a
capacitor (8). In this manner, a d.c. voltage 55   of the desired value is
obtained. 4    EP 0 460 760 B1 Claims 1. A sintered transformer core of
MnZn-ferrite material, characterized in that the initial, relative
permeability of the sintered ferrite material ranges between 10 and 1000,
in that the sintered ferrite material has an 5       average particle size
which ranges between 0.05 [err] and 2.0 [err] and in that at a frequency in
the range of 2 MHz and higher and at a f.B-product of at least 30 mT.MHz
the overall losses are smaller than 200 mW/[err]. 2. A transformer core as
claimed in Claim 1, characterized in that the sintered ferrite material is
defined by 10      the formula [err] where [err] [err] 15          [err]
[err] [err] 3. A transformer core as claimed in Claim 1, characterized in
that the sintered ferrite material is defined by the formula [err] where
[err] [err] 25           [err] [err] [err] 4. A transformer comprising a
primary coil (4), a transformer core (5) and a secondary coil (6), as well
as a 30      high-frequency switch (3) for transforming a direct voltage on
the primary coil into a square-wave voltage, characterized in that the
transformer comprises a sintered transformer core (5) of MnZn-ferrite
material as claimed in one of the preceding Claims. Revendications 1. Noyau
de transformateur fritth en materiau de ferrite de MnZn, caract&rsi6 en ce
que la perm6abillti re- lative initiale du materiau de ferrite fritt6 eat
comprise entre 10 et 1000, en ce que le matiriau de ferrite fritt6 pr6sente
une granulation moyonne comprise entre 0.05 pm et 2.0 PM, et en ce que dans
le cas d'une 40     fr6quence situde dans la gamme de frequences 6gales ou
supirieures a 2 MHz etdans le cas d'un produit de f.B. qui au moins est
6gal A 30 mT.MHz les pertes sont inf6rieures A 200 mW/cm8. 2.  Noyau de
transformateur selon la revendication 1, caractdrish en ce que le mat6riau
de ferrite fritt6 eat dhfini par la formule de MnaZnbFe2ftO4*s oO 45
0,055a50,5 0,06 ' b 5 0,4 0,34 9 c 5 0,9 a + b + c =1. - 0,05 5 8% + 0,05.
50 3.  Noyau de transformateur selon la revendication 1, caract6ris6 en co
que le mat6riau de ferrite fritte est d6fini par la formule de
MnZnbFe2+04+,g 0,35_ a 5 0,80 



55            0,10 5 b 5 0,60 0,02 9 c5  0,20 a + b   c =1. 5
1 * C   L  M   S*    EP 0 460 760 B1 [err] 4. Transformateur comportant une
bobine primaire (4), un noyau de transformateur (5) et une bobine se-
condaire (6), aussi bien qu'un commutateur haute frequence (3)
pourtransformer une tension directe pre- 5          sente sur la bobine
primaire en une tension rectangulaire, caract6ris en ce que le
transformateur compor- te un noyau de transformateur fritte (5) en mat6riau
de ferrite de MnZn conforme A l une quelconque des revendications
pr6cedentes. 10   Patentanspruche 1. Gesinterter Transformatorkern aus
MnZn-Ferritmaterial, dadurch aekennzeichnet, daR die relative Aus-
gangspermeabilitAt des gesinterten Ferritmaterials einen Wert hat, der
zwischen 10 und 1000 liegt und die Gesamtverluste bei einer Frequenz in dem
Geblet von 2 MHz und h8her, und bei einem f.B.-Produkt 15      von
mindestens 30 mT.MHz, kleiner sind als 200 mW/cm3. 2.  Transformatorkern
nach Anspruch 1, dadurch gekennzeichnet, daa das gesinterte Ferritmaterial
durch die nachfolgende Formal definiert ist Mn.ZnbFelo.4+ 20      wobel
0.055aS0.5 0.06 5 bg  0.4 0.34-5c50.9 a + b + c = 1. 25            -0.05 5
8 5 + 0.05. 3. Transformatorkern nach Anspruch 1, dadurch gekennzeichnet,
dal das gesinterte Ferritmaterial durch die nachfolgende Formel definiert
ist MnaZnbFe2+004+8 wobei 0.35a50.80 0.105 b50.60 0.02 5c50.20 a+ b+c= 1. -
0.05 ;5 a  + 0.05. 35 4.  Transformator, der mit einer Primarwicidung (4),
einem Transformatorkern (5) und einer Sekundirwic- Idung (6) versehen ist,
sowie mit elnem HF-Schalter (3) zum Umwandeln einer Gleichspannung an der
PrimArwicidung zu elner Blockwellenspannung, dadurch aekennzeichnet, daB
der Transformator einen gesinterten Transformatorkern (5) aus
MnZn-Ferritmaterial nach einem dervorstehenden Anspruche auf- weist. 45 50
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