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Ceramic dielectric for antennas.

@ Disclosed is a ceramic dielectric material for an antenna, which is held between the conductor and
ground-side electrodes of the antenna and has a water absorption of 1.0% or lower. This ceramic
dielectric material is preferably alumina or a CaTiOs;-MgTiO; ceramic material. A microstrip antenna
built up of this ceramic material can not only receive radio waves of a specific frequency, but can be
improved in terms of reliability as well.
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The present invention relates to a ceramic dielectric material for antennas. For instance, the invention is
directed to a ceramic dielectric material that lends itself particularly well for microstrip antennas such as com-
munications antennas mounted on moving bodies and to a microstrip antenna formed of this ceramic dielectric
material as well.

Microstrip antennas generally designed to receive relatively feeble radio waves from communication sat-
ellites are used on moving bodies such as cars, ships and airplanes, because they are of less air resistance,
are well attachable to them, are simple in construction, have attractive appearance, and so on.

Such microstrip antennas are generally constructed from a flat plate form of dielectric material having a
ground-side conductor on one side and a radiation conductor on the other or opposite side. On the one side
of the dielectric material there is located an amplifier for amplifying radio signals received or transmitted by
the radiation conductor. The radiation conductor usually oscillates or receives quasi-micro or micro waves of
about 1 to 10 GHz.

However, such a conventional microstrip antenna built up of a ceramic dielectric material, when exposed
to raindrops or placed in a wet atmosphere, poses some problem. In other words, when moisture is adsorbed
to the ceramic dielectric material, there is a considerable increase in its effective relative dielectric constant ¢,
because the relative dielectric constant of water ¢ is 80.

It is here to be noted that microstrip antennas are typically characterized by having a much narrower fre-
quency bandwidth of, e.g., 1.8 to 3.5%, at the frequency used, when compared with other antennas such as
Yagi and parabola antennas. For this reason, when moisture is adsorbed to the ceramic dielectric material form-
ing them, their substantial relative dielectric constants change largely, giving rise to a deviation of their resonant
frequencies f,, from the predetermined frequency, as will be understood from the following equation:

f. = 1.841c/2rave

where

f.c is the resonant frequency, Hz,

¢ is the velocity of light, 3 x 1010 cm/s,

a is the effective diameter of the radiation (entrance) electrode, cm, and

¢ is the relative dielectric constant of the dielectric.
The central frequency received and oscillated by the antennas is therefore likely to vary due to some factors
such as weather changes, rain, snow and humidity.

A ceramic material generally has open and closed pores. Especially in the case of some ceramic material
having a large open pore rate, its relative dielectric constant increases, partly because of the skin effect, when
water remains in the open pores, resulting in a variation of the oscillated or received central frequency men-
tioned above.

When a waterproof cover is mounted on an antenna built up of such ceramic material, its central frequency
varies for reason of hygroscopicity incidental to a humidity change that occurs within the cover, and this is
detrimental to its reliability. Another problem with plane antennas such as microstrip antennas is that their own
operation becomes unstable due to hygroscopicity, particularly because their bandwidth is as narrow as 1 -
2 %.

In view of such problems as mentioned above, a primary object of the invention is to reduce the effect of
water on a ceramic dielectric material. The invention consists in presetting the water absorption of a ceramic
dielectric material at a given or lower value.

According to the invention, there is provided a ceramic dielectric material for an antenna, which is located
between the ground-side and conductor electrodes of the antenna, said ceramic dielectric material being char-
acterized by having a water absorption of 1.0% or below. It is noted that water absorption measurement is to
be done according to JIS C2141.

Preferably, the ceramic dielectric material is alumina or the ceramic dielectric material is a ceramic material
based on CaTiO3;-MgTiO3.

The ceramic dielectric material for an antenna according to the invention makes some considerable con-
tribution to improving the reliability of the antenna, because its water absorption is preset at a given or lower
value, so that its relative dielectric constant and, hence, its central frequency can be kept stable.

The present invention will now be explained, more specifically but not exclusively, with reference to the
accompanying drawing, in which:

FIGURE 1 is a schematic representation of a microstrip antenna.

The rudimentary construction of a microstrip antenna - to which the invention is applied - is schematically
represented in FIGURE 1.

As illustrated, the microstrip antenna shown at 1 is made up of a flat plate form of ceramic dielectric material
2 that may be in disc, rectangular or other configuration. This material 2 is provided with a ground-side elec-
trode 3 on the bottom and with a radiation electrode 4 on the top. The ground-side electrode 3 is grounded by
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waly of a conductor 5, and a conductor 6 coaxial with the conductor 5 is extended from the radiation electrode
4,

In order to reduce the pore ratio of the ceramic dielectric material 2 sufficiently and thereby reduce its water
absorption, the feed is regulated to a given particle size distribution, and is then sintered at an elevated tem-
perature for an extended time, using a pre-selected sintering aid. In the ensuing description, experimental ex-
amples carried out according to the invention will be explained at great length. Chemical compositions, etc.,
of the ceramic feeds used, and conditions for compacting (forming) and sintering them are shown in Tables 1,
2, 4 and 5. The water absorption of the obtained ceramic materials is then measured.

The ceramic dielectric materials with varying water absorption rates were used to fabricate various micro-
strip antennas, which were then subjected to water immersion testing.

Prior to this water immersion testing, whether or not the microstrip antennas under test could receive radio
waves of such specific frequencies as mentioned above was confirmed. After this, they were immersed in wa-
ter. Then, ten samples with a specific water absorption were investigated as to whether or not they could re-
ceive those radio waves.

The procedure of the water immersion testing involved immersing each sample in water of 25°C held at
atmospheric temperature for 24 hours, then removing the sample from the water to clear water droplets of its
surface, and finally allowing it to stand alone in the air with a relative humidity of 50% and a temperature of
25°C for 10 minutes. In the present disclosure, therefore, the wording "after immersion in water" is understood
to refer to after the passing of 10 minutes during which the sample was allowed to stand alone in the air. The
results using alumina are shown in Table 3 and those using CaTiO;-MgTiO3 are shown in Table 6.

All the materials of the present invention in Tables 3 and 6 showed a change in dielectric constant of less
than 2%.

In the experiments, alumina and CaTiO3;-MgTiO3; ceramics were used. It is understood, however, that the
invention is in no sense limited to them; it is applicable to any ceramic material having a water absorption up
to 1.0%. It is also noted that similar results as shown in Table 3 are obtainable even with ceramic materials
that show a dielectric constant change of at most 2% between before and after the water immersion testing
carried out in similar manner as mentioned above.

TABLE 1
Feed Conditions
Chemical Composition (wt%) Feeds Feeds
ALO; | Mgo | cao | Y, 0, | sio, Me;g;:gf'e Particle Shape
Ex.1 84.5 3.0 27 |- 9.8 2.4 Rectangular, Scaly
Ex.2 84.5 3.0 27 |- 9.8 2.2 Rectangular, Scaly
Ex.3 84.5 3.0 27 |- 9.8 2.0 Rectangular, Scaly
Ex.4 95.0 0.8 09 |- 3.3 3.0 Rectangular, Scaly
Ex.5 95.0 0.8 0.9 - 3.3 2.5 Rectangular, Scaly
Ex.6 95.0 0.8 0.9 - 3.3 2.2 Rectangular, Scaly
Ex.7 99.0 0.7 - 0.2 - 1.7 Uniform
Ex.8 99.2 0.6 - - 0.2 1.6 Uniform
Comp. Ex.1 84.5 3.0 27 |- 9.8 2.0 Rectangular, Scaly
Comp. Ex.2 95.0 0.8 09 |- 3.3 1.5 Rectangular, Scaly
Comp. Ex.3 99.0 0.7 - 0.2 - 1.5 Uniform
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TABLE 2

Compacting and Sintering Conditions

Pre-Compact-
ing Pressure

Sintering Conditions

Water Absorption (%)

(kg/m2)
Temperature (°C) Retention Time (h)
Ex.1 1000 1500 2 0.1
Ex.2 1000 1480 2 0.2
Ex.3 1000 1430 2 1.0
Ex.4 1300 1620 2 0.0
Ex.5 1300 1570 2 0.2
Ex.6 1300 1540 2 0.6
Ex.7 1500 1600 25 0.0
Ex.8 1500 1500 25 0.5
Comp. Ex.1 1000 1420 2 1.2
Comp. Ex.2 1300 1500 2 2.0
Comp. Ex.3 1500 1450 25 5.0
TABLE 3
Experimental Results (Al,O3)
Water Absorption (%) Reception of Specific Frequencies (Ten samples)
Before Immersion After Immersion
Ex.1 0.1 10 10
Ex.2 0.2 10 10
Ex.3 1.0 10 10
Ex.4 0.0 10 10
Ex.5 0.2 10 10
Ex.6 0.6 10 10
Ex.7 0.0 10 10
Ex.8 0.5 10 10
Comp. Ex.1 1.2 10 8
Comp. Ex.2 2.0 10 6
Comp. Ex.3 5.0 10 5
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TABLE 4
Feed Conditions
Chemical Composition (wt%) Feeds Feeds

MgTiO; | CaTiO; | Fe,05 | La,0s I';"i:;"ef;r(i‘i‘e) Particle Shape
Ex. 1 93.0 6.5 0.5 - 1.2 Rectangular Scaly
Ex. 2 93.0 6.5 0.5 - 1.2 Rectangular Scaly
Ex. 3 93.0 6.5 0.5 - 1.2 Rectangular Scaly
Ex. 4 93.0 6.5 0.5 - 1.2 Rectangular Scaly
Ex. 5 93.0 6.5 - 0.5 1.5 Rectangular Scaly
Ex. 6 93.0 6.5 - 0.5 1.5 Rectangular Scaly
Ex. 7 93.0 6.5 - 0.5 1.5 Rectangular Scaly
Ex. 8 93.0 6.5 - 0.5 1.5 Uniform
Comp. Ex. 1 93.0 6.5 0.5 - 1.2 Rectangular Scaly
Comp. Ex. 2 93.0 6.5 - 0.5 1.5 Rectangular Scaly
Comp. Ex. 3 93.0 6.5 0.5 - 1.2 Uniform

TABLE 5

Compacting and Sintering Conditions

Pre-Compact-

ing Pressure Sintering Conditions Water Absorption (%)

(kg/m2)
Temperature (°C) Retention Time (hr.)

Ex. 1 1000 1360 4 0.1
Ex. 2 1000 1340 4 0.2
Ex. 3 1000 1320 4 0.4
Ex. 4 1000 1320 2 1.0
Ex. 5 1000 1360 4 0.0
Ex. 6 1000 1340 2 0.8
Ex. 7 1000 1320 6 0.3
Ex. 8 1000 1360 6 0.0
Comp. Ex. 1 1000 1300 4 1.2
Comp. Ex. 2 1000 1300 2 2.2
Comp. Ex. 3 1000 1300 1 4.0
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TABLE 6
Experimental Results (CaTiO3-MgTiO3)

Water Absorption (%) Reception of Specific Frequencies (Ten samples)

Before Immersion After Immersion
Ex.1 0.1 10 10
Ex.2 0.2 10 10
Ex.3 04 10 10
Ex.4 1.0 10 10
Ex.5 0.0 10 10
Ex.6 0.8 10 10
Ex.7 0.3 10 10
Ex.8 0.0 10 10
Comp. Ex.1 1.2 10 8
Comp. Ex.2 2.2 10 5
Comp. Ex.3 4.0 10 3

With the ceramic dielectric material for an antenna according to the invention, which has a specific water
absorption, it is possible for the antenna to receive a specific frequency and be improved in terms of reliability,
as already noted.

Claims

A ceramic dielectric material for an antenna, which is held between the conductor and ground-side elec-
trodes of the antenna and has a water absorption of 1.0% or lower.

A ceramic dielectric material for an antenna as recited in claim 1, which is used at a frequency lying in the
range of 1 GHz to 10 GHz.

A ceramic dielectric material for an antenna as recited in claim 1 or 2, which is used in the open air or in
a moist atmosphere.

A ceramic dielectric material for an antenna as recited in any of claims 1 to 3, which is used at a frequency
lying in the range of 1 GHz to 10 GHz and in the open air or in a moist atmosphere.

A ceramic dielectric material as recited in any one of claims 1 to 4, which is alumina.

A ceramic dielectric material as claimed in any one of claims 1 to 4, which is a CaTiO3-MgTiO; ceramic
material.

A ceramic dielectric material, which is held between the conductor and ground-side electrodes of the an-
tenna and has a dielectric constant change of 2% or lower due to water absorption.

A microstrip antenna fabricated by using a ceramic dielectric material as claimed in any one of claims 1
to 7.
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