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(57) Abstract

The invention relates to a moulding of a sintered hexagonal ferrite material. This moulding is characterized in that the majority
of the grains of the material have a monodomain structure. By virtue thereof, the loss factor tan é of this material is much smaller than
that of corresponding known materials if said material is used in the frequency range of 100 MHz or higher. The monodomain structure
of this material is obtained, in particular, if the average grain size of the material is smaller than 2.8 micrometers. The average grain
size preferably ranges between 1.4 micrometers and 2.5 micrometers. Preference is given, in particular, to those ferrite materials whose
composition corresponds to the formula BasMezFe2404;, wherein Me stands for one or more divalent ions selected from the group formed
by Co, Fe, Mn, Ni, Zn, Mg and (Li.Fe)i12. Even at very high frequencies, these materials exhibit a small loss factor. The mouldings in
accordance with the invention are extremely suitable for use in antennas.
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Moulding of sintered hexagonal ferrite material.

The invention relates to a moulding of a sintered hexagonal ferrite
material. The invention also relates to a magnetic antenna manufactured from this material.

Mouldings of a sintered hexagonal ferrite material are known per se. They
are described, inter alia, in US 2,977,312. This type of materials is generally referred to as
*ferroxplana materials”, which are described in greater detail in “Philips Technical
Reviews", 18 (1956/1957), pp. 145-154.

The known sintered mouldings have the important disadvantage that the
losses are relatively high. Said relatively high losses stand in the way of a general application
of these materials. See Adv. Ceram. 16 (1986), pp. 1-4.

It is an object of the invention to obviate the above-mentioned
disadvantage. The invention more particularly aims at providing a moulding of a sintered
hexagonal ferrite material whose losses, particularly the loss factor tan 4, are much smaller
than the corresponding losses of the known mouldings. These small losses should occur in
particular when the ferrite materials in accordance with the invention are used at very high
frequencies of 100 MHz or more.

These and other objects are achieved by means of a moulding of a
hexagonal ferrite material, characterized in that the majority of the grains of the material
have a monodomain structure.

In series of experiments which have led to the present invention, it has
been established by Applicants that the magnetic structure of the grains is very important for
the loss properties of the relevant ferroxplana materials. For example, experiments have
shown that sintered hexagonal ferrite materials comprising grains which have only one
magnetic domain exhibit a surprisingly low loss factor tan d. This applies in particular when
these mouldings are used at frequencies of 100 MHz or more. Under these conditions, the
loss factor tan & can be reduced by a factor of 2 or more. It is noted that the expression "the
majority of the grains” is to be understood to mean herein "at least 40% of the grains”. It is
further noted that grains having a monodomain structure comprise only one magnetic domain.

A preferred embodiment of the moulding in accordance with the invention is

characterized in that the average grain size of the material is smaller than 2.8 micrometers.
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The average grain size preferably ranges between 1.4 and 2.5 micrometers.

Applicants have observed that at an average grain size of approximately
2.8 micrometers, approximately 90% of the grains have a monodomain structure. A smaller
average grain size leads to an increase of this percentage. Percentages of 98% and more are
obtained if the average grain size of the hexagonal ferrite material ranges from 1.4 to 2.5
micrometers. The smallest loss factor is observed in mouldings of sintered hexagonal ferrite
material having this average grain size. It has been found that the manufacture of average
grain sizes below 1.4 micrometers is relatively laborious and hence expensive. In addition,
these small grain sizes do not lead to a further reduction of the loss factor because the
favourable monodomain structure has already been reached. It is noted that the grains of the
hexagonal material are plate-shaped. For this reason, the grain size is determined in the plane
of the grains. The size of the grains is defined in accordance with the so-called “mean linear
intercept" method.

The invention can in principle be applied to all types of hexagonal ferrite
materials such as the so-called W, M and Y ferrites. However, in accordance with a
preferred embodiment of the invention, the composition of the material corresponds to the
formula Ba;Me,Fe,,0,;, wherein Me stands for one or more divalent ions selected from the
group formed by Co, Fe, Mn, Ni, Zn, Mg and (Li.Fe),,. It has been found that this type of
hexagonal ferrite material, also referred to as Z ferrite, can very advantageously be used at
extremely high frequencies of 200 MHz and more. By virtue of the monodomain structure of
the grains, this material has a very low loss factor under these conditions.

It is noted that maximally one third of the Ba of the W ferrite can be
replaced by Sr, Pb and/or Ca. Z ferrites in which maximally one third of the Ba can be
replaced by Sr, Pb and/or Ca also fall within the scope of the present embodiment. It is
further noted that Me is preferably composed of at least 80 at. % Co. The most preferred
material is the so-called Co,Z ferrite, wherein Me is completely composed of Co. The
sintered Z ferrite material in accordance with the invention may further be doped with small
quantities of other elements, in particular sintering agents such as B,0s.

The invention also relates to a magnetic antenna. This antenna is
manufactured in accordance with the invention from a sintered hexagonal ferrite material as
described hereinabove. Such antennas can very advantageously be used in personal
communication systems such as mobile telephones and so-called pagers.

These and other aspects of the invention will be apparent from and

elucidated with reference to the embodiments described hereinafter.
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A number of mouldings having the chemical composition Ba,Co,Fe,,0,,
and having different average grain sizes were manufactured as follows. For the starting
materials use was made of barium carbonate (BaCO;), cobalt carbonate (CoCO;) and iron
oxide (Fe,0;). To obtain the above-mentioned composition, a mixture of 62.7 g BaCO,,
197.5 g Fe,0; and 25.1 g CoCO, were ground in ethyl alcohol for approximately 6 hours.
After filtration of the mixed powder, it was dried. Subsequently, the powder thus formed
was prefired at 950 °C for 4 hours.

To obtain sintered mouldings having different grain sizes, the fired
product thus produced was subdivided into ten fractions, each of which was ground in a
different manner in a liquid. All fractions were first ground with steel balls having a
diameter of 13-16 mm for 6 to 12 hours. Five fractions were subsequently subjected to a
further grinding operation with steel balls having a diameter of 3 mm for 3-9 hours. After
filtering-off and drying, the average grain size of each of the fractions was determined by
means of a Fisher measurement.

After mixing said fractions with a binder (2% ammonium algimate in
demineralised water) the mixture obtained was passed through a sieve and subsequently
granulated. Next, each of the granulated fractions was pressed (600 kg/cm?) to form square
blocks. These blocks were sintered for approximately 1-4 hours at a temperature ranging
between 1120 and 1400 °C. Dependent upon the sinter duration, sinter temperature and the
fineness of the grind, the blocks of sintered Co,Z-ferrite material had an average grain size
ranging between 1.0 and 6.0 micrometers. The combination of shorter sinter times, lower
sinter temperatures and longer grinding times results in sintered mouldings having a
relatively small grain size.

The average grain size was determined by means of the "mean linear
intercept” method on the basis of scanning electron microscopy (SEM) and microstructure
photographs. The average size of the magnetic domains was determined by means of
neutron-polarization measurements.

The sintered blocks were subjected to a number of magnetic
measurements to determine, inter alia, the loss factor at a frequency of 260 MHz at room
temperature. The results are listed in the Table. The Table shows that the mouldings having
an average grain size of 2.8 micrometers or less exhibit a much smaller loss factor than
mouldings having a larger average grain size. Mouldings having an average grain size d

(micrometers) in the range from 1.4 to 2.5 micrometers were found to have the smallest loss

factor.



WO 96/15078 PCT/IB95/00926

"4
Table
5 1.36 0.005
1.78 0.004
2.31 0.0035
2.52 0.005
10 2.78 0.01
3.29 0.021
4.31 0.025
5.54 0.022
15 In summary, it is noted that mouldings of sintered hexagonal ferrite

material, the majority of the grains of which have a monodomain structure, have a
considerably smaller loss factor than corresponding ferrite materials of which at least a
substantial part of the grains comprise two or more magnetic domains. By virtue thereof, the
hexagonal ferrite materials are extremely suitable for use as an antenna material in personal

20 communication equipment such as mobile telephones etc.
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CLAIMS:

1. A moulding of a sintered hexagonal ferrite material, characterized in that
the majority of the grains of the material have a monodomain structure.
2. A moulding as claimed in Claim 1, characterized in that the average grain

size of the material is smaller than 2.8 micrometers.

3. A moulding as claimed in Claim 2, characterized in that the average grain
size ranges between 1.4 micrometers and 2.5 micrometers.

4. A moulding as claimed in Claim 1, 2 or 3, characterized in that the
composition of the material corresponds to the formula Ba;Me,Fe,,O,,, wherein Me stands
for one or more divalent ions selected from the group formed by Co, Fe, Mn, Ni, Zn, Mg
and (Li.Fe),,.

5. A moulding as claimed in Claim 4, characterized in that Me is composed
of divalent Co.

6. A magnetic antenna which is manufactured from a sintered hexagonal

ferrite material as claimed in any one of the preceding Claims.
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