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Description

HORN ARRAY TYPE ANTENNA WITH SKEW FILTER

Technical Field

The present invention relates to a horn array type antenna with skew filter, and more
particularly, a horn array type antenna with skew filter for improving an antenna
performance and reducing a size of antenna.

Background Art

Waves with frequencies above the ultra high frequency (UHF) band have very short
wavelengths and similar characteristics to those of light. A linear polarization antenna
has been developed and applied to transmit and receive such waves above UHF band
more effectively, based on a combination of optics theory and a theory that a
magaphone concentrates sound waves.

Meanwhile, electric field has a vibrating direction which slightly varies depending on
the locations. A linear polarization antenna is particularly sensitive to the vibrating
direction of electric field for transmission or reception, and thus can have considerably

deteriorated transmission efficiency in certain locations.
Disclosure of Invention

Technical Problem

Therefore, an object of the present invention is to provide a horn array antenna
having an improved antenna performance and a small size.

Another object of the present invention is to provide a horn array antenna having a
skew filter capable of changing the directivity of the polarization wave, which is inap-
propriate for an antenna to receive, toward appropriate direction.

Technical Solution

In order to achieve the objects of the present invention, a horn array antenna for dual
linear polarization for receiving a first polarization and a second polarization is
provided, which includes a plurality of horns to which the first and second po-
larizations enter together, a plurality of polarization filtering units provided to the
horns, to separate the first and second polarizations from the mixture of the first and
second polarizations entering the horns, a first polarization guide to guide the first po-
larization which is separated at the polarization filtering units, and a second po-
larization guide to guide the second polarization which is separated at the polarization
filtering units. The first polarization guide includes a first guide unit to receive the first
polarization through one and the other ends thereof, the first polarization received
having been separated at the first and second polarization filtering units, a second

guide unit to receive the first polarization through one and the other ends thereof, the
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first polarization received having been separated at the third and fourth polarization
filtering units, a first relay unit to connect a portion of the first guide unit with a
portion of the second guide unit, and mix the first polarization provided from the first
and second guide units, and a first mixing unit connected to a portion of the first relay
unit, to receive the first polarization mixed at the first relay unit.

According to an aspect of the present invention, a horn array antenna for dual linear
polarization for receiving a first polarization and a second polarization, includes a
plurality of horns to which the first and second polarizations enter together, a plurality
of polarization filtering units provided to the horns, to separate the first and second po-
larizations from the mixture of the first and second polarizations entering the horns, a
first polarization guide to guide the first polarization which is separated at the po-
larization filtering units, and a second polarization guide to guide the second po-
larization which is separated at the polarization filtering units. The second polarization
guide includes a first direction changing unit to change an advancing direction of the
second polarization provided from the first polarization filtering unit, a second
direction changing unit to change an advancing direction of the second polarization
provided from the second polarization filtering unit, a third direction changing unit to
change an advancing direction of the second polarization provided from the third po-
larization filtering unit, a fourth direction changing unit to change an advancing
direction of the second polarization provided from the fourth polarization filtering unit,
a first guide unit to connect the first and third direction changing units, and mix the
second polarization provided from the first and third direction changing units, a second
guide unit to connect the second and fourth direction changing units, and mix the
second polarization provided from the second and fourth direction changing units, a
first relay unit to connect a portion of the first guide unit with a portion of the second
guide unit, and mix the second polarization provided from the first and second guide
units, and a first mixing unit connected to a portion of the first relay unit, to guide so
that the second polarization provided from the first relay unit is emerged.

According to another aspect of the present invention, a horn array antenna for dual
linear polarization for receiving a first polarization and a second polarization, includes
a plurality of horns to which the first and second polarizations enter together, a
plurality of polarization filtering units to separate the first and second polarizations
from the mixture of the first and second polarizations entering the horns, a first po-
larization guide to guide the first polarization which is separated at the polarization
filtering units, and a second polarization guide to guide the second polarization which
is separated at the polarization filtering units. An upper portion of the polarization
filtering unit is in a square box shape, and a lower portion of the polarization filtering

unit is in a narrower square box shape.
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According to yet another aspect of the present invention, a horn array antenna for
dual linear polarization for receiving a first polarization and a second polarization,
includes a plurality of horns to which the first and second polarizations enter together,
a plurality of polarization filtering units to separate the first and second polarizations
from the mixture of the first and second polarizations entering the horns, a first po-
larization guide to guide the first polarization which is separated at the polarization
filtering units, a second polarization guide to guide the second polarization which is
separated at the polarization filtering units, and a skew filter to change an angle of at
least one of the first and second polarizations.

According to yet another aspect of the present invention, a horn array antenna
includes a plurality of horns to which electromagnetic waves enter, a guide to guide the
electromagnetic waves entering into the horns, and a skew filter to change an angle of

the electromagnetic waves.

Advantageous Effects

According to an embodiment of the present invention, an antenna provides improved
performance and reduced size.

Furthermore, a skew filter is applicable to the horn array antenna to change a
direction of electric field of the polarization to an appropriate direction, if the po-
larization has a direction of electric field inappropriate for the antenna to receive. As a

result, the antenna has improved receptivity.

Brief Description of Drawings

Fig. 1 is a exploded perspective view of each layer of horn array antenna for dual
linear polarization according to the present invention;

Fig. 2 is a plan view of the second layer of Fig. 1;

Fig. 3 is a perspective view of the second layer;

Fig. 4 is a rear view of the second layer;

Fig. 5 is a plan view of the third layer of Fig. 1;

Fig. 6 is a perspective view of the third layer;

Fig. 7 is a rear view of the third layer;

Fig. 8 is a plan view of the fourth layer of Fig. 1;

Fig. 9 is a perpective view of the fourth layer;

Fig. 10 is a rear view of the fourth layer;

Fig. 11 is a plan view of the fifth layer;

Fig. 12 is a perspective view of the fifth layer;

Fig. 13 is a perspective view of an embodiment of antenna according to the
invention;

Fig. 14 is a perspective view of the first layer;
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Fig. 15 is a plan view of the second layer;

Fig. 16 is a perspective view of the second layer;

Fig. 17 is arear view of the second layer;

Fig. 18 is a plan view of the third layer of antenna of Fig. 13;

Fig. 19 is a perspective view of the third layer;

Fig. 20 is a rear view of the third layer;

Fig. 21 is a plan view of the fourth layer of Fig. 14;

Fig. 22 is a perspective view of the fourth layer;

Fig. 23 is a rear view of the fourth layer;

Fig. 24 is a front view of the fith layer of Fig. 13;

Fig. 25 is a perspective view of the fifth layer;

Figs. 26 to 28 are views provided to explain the concept of a skew filter;

Figs. 29 to 36 illustrate a method for applying a skew filter to the horn array antenna
for dual linear polarization according to embodiments of the present invention;

Figs. 37 to 41 are views illustrating the variations of the skew filter;

Figs. 42 to 44 illustrate skew filters whose ends are not in contact with the edges of
the inner opening;

Fig. 45 is a view illustrating an example of employing a skew filter when the horn is
not parallel with the polarization filtering unit;

Figs. 46 and 47 are views illustrating examples of a spacer;

Fig. 48 is a perspective view of a horn array antenna for single linear polarization
applicable to the embodiments of the present invention;

Fig. 49 is an exploded perspective view illustrating the layers of the horn array
antenna of Fig. 48;

Fig. 50 is a perspective view of the first layer;

Fig. 51 is a plan view of the first layer viewed from above;

Fig. 52 is arear view of the first layer viewed from under;

Fig. 53 is a perspective view of the second layer;

Fig. 54 is a plan view of the second layer viewed from above;

Fig. 55 is arear view of the second layer viewed from under;

Fig. 56 is a perspective view of the third layer;

Fig. 57 is a plan view of the third layer viewed from above;

Fig. 58 is a rear view of the third layer viewed from under;

Figs. 59 to 61 are views provided to explain concept of a skew filter;

Figs. 62 to 65 are views illustrating a method for applying a skew filter to the horn
array antenna for single linear polarization according to embodiments of the present
invention;

Fig. 66 is a graphical representation showing movement of a main beam center
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according to skew filter;

Fig. 67 is a view illustrating an example where a skew filter is applied;

Fig. 68 is a view illustrating an angle of a skew filter;

Fig. 69 is a view illustrating the simulation result obtained at an angle of 0°;

Fig. 70 is a view illustrating the simulation result obtained at an angle of 15°;

Fig. 71 is a view illustrating the simulation result obtained at an angle of 30°;

Fig. 72 is a view illustrating the simulation result obtained at an angle of 45°; and

Fig. 73 is a view illustrating the simulation result obtained at an angle of 75°.

Best Mode for Carrying out the Invention

The embodiments of the present invention will be explained below with reference to
the accompanying drawings.

While an antenna according to an embodiment of the present invention is capable of
both transmitting and receiving electromagnetic waves, for the purpose of convenience
of explanation, the description of the antenna will be first focused on the components
operating on a reception mode, and explanation of the antenna on the electrimagnetic
wave transmission mode will follow.

According to an embodiment of the present invention, a first polarization (horizontal
polarization: H polarization) is horizontal to the equator of the earth, and a second po-
larization (vertical polarization: V polarization) is vertical to the equator of the earth.

According to an embodiment of the present invention, an antenna is provided with a
filter, and may include, for example, a horn array antenna for dual linear polarization
or single linear polarization.

In other words, the horn array antenna for dual linear polarization is capable of
receiving two linear polarizations, and the horn array antenna for single linear po-
larization is capable of receiving one linear polarization.

According to an embodiment of the present invention, a horn array antenna for dual
linear polarization such as the ones disclosed in Korean Patent Application No.
10-2007-001683 entitled 'Horn array antenna for dual linear polarization', and Korean
Patent Application No. 10-2007-70021929 entitled 'Horn array antenna for dual linear
polarization', is applicable, the disclosure of which is incorporated herein by reference.
One will understand that the horn array antennas for dual linera polarization disclosed
in the abovementioned applications are only examples and therefore, should not be
construed as limiting. Accordingly, a horn rray antenna for dual linear polarization
with different structure may be applied according to an embodiment of the present
invention. Basically, an antenna, which is capable of separating two poliarzations and
transmitting or receiving the polarizations, can be used according to an embodiment of

the present invention.
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Hereinbelow, a horn array antenna for dual linear polarization applicable in an
embodiment of the present invention will be explained.

Fig. 1 is an exploded perspective view of each layer of horn array antenna unit for
dual linear polarization according to the present invention. The term 'antenna unit'
herein refers to an antenna composed of four horns, and even when the horn array
antenna includes more than one antenna unit, all the antenna units have the identical
operations. Accordingly, the operation of the horn array antenna will be explained
below on the basis of one antenna unit for the purpose of convenience of explanation.

The horn array antenna for dual linear polarization according to an embodiment of
the present invention includes a first layer 100, a second layer 150, a third layer 200, a
fourth layer 250, and a fifth layer 300.

The first layer 100 is capable of receving external polarizations. The horn 10 of the
first layer 100 is formed in square shape, and thus is capable of receiving two
orthogonal polarizations. According to an embodiment of the present invention, the
first layer 100 includes an inclined portion 15 and a protrusion 18, and also an inner
opening. However, elements such as inclined portion or protrusion are only for il-
lustrative examples, and therefore, other adequate examples may also be applied.

Fig. 2 is a plan view of the second layer of Fig. 1, Fig. 3 is a perspective view of the
second layer, and Fig. 4 is a rear view of the second layer.

The second layer 150 includes a polarization filtering unit 20 connected with the
inner opening of the first layer 100, and the polarization filtering unit 20 is passed
through the areas adjacent to the respective corners of the second layer 100. The po-
larization filtering unit 200 includes a first polarization introducing path 21, and an in-
terference protrusion 19.

On a rear side of the second layer 150 is formed an upper portion of the first po-
larization guide 30, that is, upper portions of the first and second guide tubes 31, 32,
the first relay tube 40, and the first mixing tube 45 are formed on a rear side of the
second layer 150.

Fig. 5 is a plan view of the third layer of Fig. 1, Fig. 6 is a perspective view of the
third layer, and Fig. 7 is a rear view of the third layer.

A lower portion of the first polarization guide 30 is formed on an upper side of the
third layer 200, and only the polarization filtering unit 20 is passed through the lower
side of the third layer 200. Lower portions of the first and second guide tubes 31, 32,
the first relay tube 40, and the first mixing tube 45 of the first polarization guide 30 are
formed on the upper side of the third layer 200.

As explained above, the rear side of the second layer and the upper side of the third
layer form the first polarization guide unit. Referring to Fig. 3, the first polarizatoin is

introduced into the first polarization introducing path 21, and guided along the guide.



WO 2009/078630 PCT/KR2008/007392

[81]

[82]

[83]

[84]

[85]

[86]

[87]

[88]

[89]

7

Referring to Figs. 4 and 5, on entering the introducing path 21, the polarizations pass in
sequence the first and second guide tubes 31, 32, the first relay tube 40, and the first
mixing tube 45, and so are mixed with each other (the polarizations are separated from
each other in these tubes during antenna radiation).

Fig. 8 is a plan view of the fourth layer of Fig. 1, Fig. 9 is a perpective view of the
fourth layer, and Fig. 10 is a rear view of the fourth layer.

Only the polarization filtering unit 20 is passed through the upper side of the fourth
layer 250, and upper portions of the first to fourth direction changing units 51, 52, 53,
54, the third and fourth guide tubes 55, 60, the second relay tube 63, and the second
mixing tube 65 are formed on the lower side of the fourth layer 250.

Fig. 11 is a plan view of the fifth layer, and Fig. 12 is a perspective view of the fifth
layer.

The lower portion of the second polarization guide 50 is formed on the upper side of
the fifth layer 300. The fifth layer 300 forms the second polarization guide 50 in co-
operation with the fourth layer 250, and the first to fourth direction changing units 51,
52, 53, 54, the third and fourth guide tubes 55, 60, the second relay tube 63, and the
second mixing tube 65 are formed on the fifth layer 300. According to an embodiment
of the present invention, each of the first to fourth direction changing units 51, 52, 53,
54 includes a protrusion 68 and a reflecting surface 69 therein, but one will understan
that these elements are only for illustrative examples, and should not be construed as
limiting.

Likewise, the rear side of the fourth layer and the upper side of the fifth layer form a
second polarization guide. Referring to Figs. 10 and 11, the second polarization is
introduced into the first to fourth direction changing units 51, 52, 53, 54, and mixed
with each other as it is pased through the third and fourth guide tubes 55, 60, the
second relay tube 63, and the second mixing tube 65 in sequence.

While the embodiment explained above takes an example where there are five layers,
one will understand that this is only one of various applicable examples, and therefore,
an antenna unit may have less or more than five layers.

A horn array antenna for dual linear polarization according to an embodiment of the
present invention will now be explained below, with reference to an example where the
horn array antenna includes 32 antenna units.

Fig. 13 is a perspective view of an embodiment of antenna according to the
invention, Fig. 14 is a perspective view of the first layer, Fig. 15 is a plan view of the
second layer, Fig. 16 is a perspective view of the second layer, and Fig. 17 is a rear
view of the second layer.

Fig. 13 shows an antenna having a pluraltiy of layers, namely, a first, second, third,

fourth and fifth layers according to an embodiment of the present invention. More
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specifically, the rear side of the first layer is combined with the planar side of the
second layer, the rear side of the second layer is combined with the planar side of the
third layer, the rear side of the third layer is combined with the planar side of the fourth
layer, and the rear side of the fourth layer is combined with the planar side of the fifth
layer. The layers are combined with each other, thereby forming passages to guide the
polarizations, while the rear side of the second layer and the planar side of the third
layer are combined with each other to form a first polarization guide, and the rear side
of the fourth layer and the planar side of the fifth layer are combined with each other to
form a second polarization guide.

An antenna according to an exemple of the present invention will be explained below
with reference to each of the layers.

Fig. 18 is a plan view of the third layer of antenna of Fig. 13, Fig. 19 is a perspective
view of the third layer, and Fig. 20 is a rear view of the third layer.

In an antenna 1 according to an embodiment of the present invention, the rear side of
the second layer 150 and the planar side of the third layer 200 form the first po-
larization guide.

The rear side of the second layer 150, and the planar side of the third layer 300 are in
symmetry with each other, and when combined with each other, form a space to guide
the waves. The process of guiding the first polarization will be explained below based
on the plan view of the third layer 300 illustrated in Fig. 18.

Once separated in the polarization separating portion, the first polarization is
introduced into the antenna introducing path 21. With respect to the antenna unit 325,
the first polarizations from the four horns are mixed atthe antenna unit 325, and the
first polarization from the antenna unit 325 is mixed with the first polarization from the
antenna unit 326 at reference numeral 367. At reference numeral 366, the first po-
larizations from the antenna units 325, 326, 317, 318 are mixed. In the manner
explained above, the first polrizations are mixed with each other, and eventually, all
the first polarizations are mixed at reference numeral 381. Once all the first po-
larizations are mixed, the first polarizations move toward the first polarization input/
output hole 400. Note that the above refers to an example where the antenna receives
electromagnetic waves. Accordingly, if the antenna is operating to radiate elec-
tromagnetic waves, the first polarization is passed through the input/output hole 400,
and separated as it is passed in a reverse sequence, and as a result, each of the
separated first polarizations is moved toward the horn to be radiated. The first po-
larization input/output hole 400 is passed through the third, fourth and fifth layers as il-
lustrated in Figs. 20, 21, 22, 23, 24, 25 and 28.

However, the abovementioned passages of the first polarization guide are only an

example, and therefore, other types of examples may also be applied. For example,
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various forms of tubes to collect the filtered first polarizations from the filtering unit,
may be used as the constituents of the first polarization guide.

The second polarization guide formed by the rear side of the fourth layer and the
upper side of the fifther layer will now be explained below with reference to Figs. 23
and 24.

The rear side of the fourth layer and the upper side of the fifth layer are in symmetry
with each other, and combined with each other to guide the electromagnetic waves,
that is, to guide the second polarization in particular. The process of guiding the second
polarization will be explained below based on the plan view of the fifth layer 300 il-
lustrated in Fig. 24.

The second polarization is separated in the polarization separating unit and
introduced into the direction changing unit. With respect to the antenna unit 525, the
second polarizations from the four horns are mixed at the antenna unit 525, and the
second polarization from the antenna unit 525 and the second polarization from the
antenna unit 517 are mixed with each other at reference numeral 569. At reference
numeral 570, the second polarizations from the antenna units 525, 517, 526, 518 are
mixed with each other. Accordingly, the second polarizations are mixed in the above-
explained manner, and eventually, all the second polarizations are mixed at reference
numeral 581. Once all the second polarizations are mixed, the second polarizations are
moved toward the second polarization input/output hole 600. Note that the above refers
to an example where the antenna receives electromagnetic waves. Accordingly, if the
antenna is operating to radiate electromagnetic waves, the second polarization is
passed through the second polarization input/output hole 600, and separated as it is
passed in a reverse sequence, and each of the separated second polarizations is moved
toward the horn to be radiated. The second polarization input/output hole 600 is passed
through the fifth layer as illustrated in Figs. 24 and 26.

Note that the tubes of the second polarization guide are only examples, and that other
forms of example are also applicable. For example, various forms of tubes to filter the
second polarizations filtered at the filtering unit, may be used as the constituents of the
second polarization guide.

While the first and second polarizations are explained with respect to the magnetic
field in the embodiments explained above, one will understandthat the embodiments of
the present invention are also applicable to the magnetic field. Additionally, although
the embodiments explained above exemplified the constitution including the horn 10,
the first polarization guide 30 and the second polarization guide 50, this is also an
example. Accordingly, other adequate examples are applicable. For example, when
necessary, at least two from among the horn 10, the first polarization guide 30, and the

second polarization guide 50 may be fabricated integrally using method such as
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injection molding. Additionally, in fabricating theh orn 10, the first polarization guide
30 and the second polarization guide 50 according to an embodiment of the present
invention, the number of layers is not limited to the example illustrated in Figs. 2 to 24.

Additionally, although the horn array antenna for dual linear polarization has been
mainly explained in the above embodiments, one will understand that the horn array
antenna for single linear polarization is equally applicable. Any type of antenna is
applicable according to the present invention. For example, a single or dual planar horn
array type, or a slot antenna type may also be used. Any antenna other than horn array
or slot antenna type is also applicable if the antenna is structured to receive and
separate two orthogonal polarizations.

Meanwhile, the direction of electric field of the second polarization being introduced,
has to be parallel to the lower shorter side of the polarization filtering unit 20 (see Fig.
26) in order to increase the reception rate at the horn array antenna for dual linear po-
larization explained above. Referring to Fig. 27, if the direction of the electric field of
the second polarization being introduced is not parallel, but skewed to the lower
shorter side of the polarization filtering unit 20, the horn array antenna for dual linear
polarization has a poor reception rate of the second polarization.

However, even if the direction of the electric field of the second polarization being
introduced is not parallel, but skewed to the lower shorter side of the polarization
filtering unit 20, the horn array antenna for dual linera polarization can have a high
reception rate, if the antenna is provided with a comb-like skew filter (see Fig. 28). The
skew filters according to the embodiments of the present invention, such as the skew
filter provided on the upper portion of the horn array antenna for dual linear po-
larization (see Fig. 30), the skew filter provided inside the horn array antenna for dual
linear polarization (see Figs. 31, 33, 35), the skew filter provided on the upper portion
of the horn array antenna for single linear polarization (see Fig. 106), or the skew filter
provided inside the horn array antenna for single linear polarization (see Fig. 104),
have been proven to increase the reception rate of the polarizations which are
introduced in oblique course.

The teeth of the comb-like skew filter are formed at a predetermined angle with
respect to the vibrating direction of the electric field of the second polarization being
introduced. For example, the predetermined angle may be 90°. However, the angle of
90°is only an example, and accordingly, more or less than 90°may be adaptively
applied depending on the given transmission and reception environment.

Meanwhile, the angle of incidence of the second polarization is different depending
on the location (latitude and longitude) of the area where the horn array antenna 1 is
used, and this means that the angle of incidence of the second polarization can be

computed based on the latitude and longitude of the location to receive the second po-
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larization. Accordingly, based on the latitude and longitude of the area to receive the
second polarization, the angle of teeth of the skew filter can be decided.

The skew filter may be embodied using conductive materials such as copper, nickel,
or iron, or alternatively, the skew filter may desirably be embodied by plating synthetic
resin with an adequate conductive material. The skew filter may preferably have
0.03mm to Imm of thickness, but this may vary as occasion demands.

Figs. 29 to 31 illustrate a method for applying a skew filter to the horn array antenna
for dual linear polarization according to embodiments of the present invention.

Referring to Fig. 29, a skew filter provided as a film may be placed on the upper
portion of the first layer 100. Secondly, referring to Fig. 30, a skew filter may be
formed directly on the upper portion of the first layer 100.

According to the abovementioned first and second methods, the skew filter is formed
on the upper portion of the horns 10. The ends of the teeth of the skew filter are in
contact with the edge of the outer opening of the horns 10.

Thirdly, and referring to Fig. 31, a film type of skew filter may be inserted between
the first and second layers 100, 150. Fourthly, and referring to Fig. 32, a skew filter
may be formed directly on the upper portion of the second layer 150.

According to the third and fourth methods explained above, the skew filter is formed
on the lower side of the horns 10. The ends of the teeth of the skew filter are in contact
with the lower edge of the horns 10.

Meanwhile, a skew filter mounted according to the first to fourth methods was
proven to increase tarnsmission and reception rate even when the polarization is
skewed.

Referring to Fig. 33, the fifth method is to insert a film type skew filter in between
the second and third layers 150, 200. Referring to Fig. 34, the sixth method is to form a
skew filter directly on the upper portion of the third layer 200.

According to the fifth and sixth methods explained above, the skew filter is formed
in the center of the polarization filtering unit 20. The ends of the teeth of the skew filter
are in contact with the walls of the polarization filtering unit 20.

Referring to Fig. 35, the seventh method is to insert a film type skew filter in
between the third and fourth layers 200, 250. Referring to Fig. 36, the eighth method is
to form the skew filter directly on the upper portion of the fourth layer 250.

According to the seventh and eighth methods explained above, the skew filter is
formed on the lower portion of the polarization filtering unit 20. The ends of the teeth
of the skew filter are in contact with the walls of the polarization filtering unit 20.

The number of teeth of the skew is not limited, and therefore, one or more than one
teeth may be formed as occasion demands. Furthermore, the width of the tooth, and the

intervals between the teeth are not limited. The ends of the teeth may desirably be
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rounded. Refer to Figs. 37 to 41 for variations of the skew filter.

It is possible that the ends of the teeth of the skew filter are not in contact with the
horns 10 or polarization filtering units 20. The ends of the teeth may also be rounded.
Figs. 42 to 44 illustrate skew filters whose ends are not in contact with the walls of the
polarization filtering units 20. The skew filters illustrated have one tooth, but one will
understand that two or more teeth may be employed.

Note that only the film type skew filter can have ends of the teeth that do not contact
the polarization filtering units 20, and it is necessary to coat the skew filter as a thin
layer of nonconductive material to fix the teeth in position.

The teeth of the skew filter may be formed in various manners other than the
examples provided above.

In the horn array antenna 1 for dual linear polarization explained above according to
the embodiments of the present invention, the polarization filtering units 10 are parallel
to the horns 10 (that is, the sides of the polarization filtering units 20 are parallel to the
sides of the horns 10). However, even when the polarization filtering units 20 and the
horns 10 are not parallel, for example, even when the sides of the polarization filtering
units 20 are at 45° with respect to the sides of the horns 10 (Fig. 45), it is still possible
to employ the skew filter according to the embodiments of the present invention.

Furthermore, although the process of the horn array antenna for dual linear po-
larization receiving the polarization has been explained so far, one will understand that
the same applies to the case of transmitting the polarization so that it is possible to use
the skew filter to transmit the polarization having certain degrees of inclination.

Two overlaying skew filters may be used, and a spacer may be inserted between the
horn array antenna and the skew filter or between the skew filters to provide a space
there between.

The spacer may be made of, for example, paper, woodrock, or thin sponge plate. The
spacer may not be made of a material that disturbs electric waves, since the spacer is
inserted between the horn array antenna and the skew filter or between the skew filters
to provide, for example, a few millimeters of space. For example, a material with high
conductivity is not a good choice for the spacer.

The spacer may have a predetermined height (such as a few millimeters) as il-
lustrated in Fig. 46 or Fig. 47, and be provided in a square configuration. The vertical
and horizontal sides of the square may desirably correspond to the skew filter, but this
is not limiting, since the spacer can have any structure if it provides a space between
the skew filter and the horn array antenna for dual linear polarization.

Referring to Fig. 46, a spacer 441 is s square spacer to correspond to the structure of
the skew filter. The spacer 44 does not necessarily have the same vertical and

horizontal lengths as those of the skew filter, since the spacer is fully satisfactory if it
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provides a space between the skew filter and the horn array antenna.

Referring to Fig. 47, a spacer 443 is an empty square spacer. An additional structure
such as the one similar to a window frame may be provided in the empty space of the
spacer 443.

The spacers explained above can be placed between the skew filter and the horn
array antenna, or between the skew filters.

Although the horn array antenna for dual linear polarization having a skew filter has
been explained above, one will note that the skew filter can be fabricated separately.

Herein below, a horn array antenna for single linear polarization applicable to the
embodiments of the present invention will be explained in detail. Although the
applicable horn array antenna for single linear polarization is capable of both
transmitting and receiving the electromagnetic waves, for convenience of explanation,
the operations of each component part of the horn array antenna will be focused mainly
on the receiving end, and then the operations of the horn array antenna as a
transmitting end will be explained in the later part of the description.

The horn array antenna for single linear polarization is capable of transmitting or
receiving both horizontal (H) and vertical (V) polarizations.

Fig. 48 is a perspective view of a horn array antenna for single linear polarization
applicable to the embodiments of the present invention, and Fig. 49 is an exploded
perspective view illustrating the layers of the horn array antenna of Fig. 48.

As shown, the horn array antenna 10 for single linear polarization includes three
layers 310, 320, 330 overlain on one another. The horn array antenna 10 includes four
horns 100 to which electromagnetic waves enter, and a guide 200 to form the elec-
tromagnetic waves into a single stream and outputs the electromagnetic waves.

Each of the horns 100 is the place where an outer opening 110, an inclined portion
120, a protrusion 130, and an inner opening 140 are formed.

The protrusion 130 extends inward from the outer side of the horn 100. Due to the
presence of the protrusion 130, the area of the inner opening 140 is smaller than that of
the outer opening 110.

The inclined portion 120 is inclined inward at the outer side of the horn 100, with
reference to the downward direction of the horn 100.

While the outer opening 110 is square shape, the inner opening 140 is rectangular
shape. Accordingly, two types of linear polarizations enter the outer opening 110, but
only the linear polarization having the direction of electric field that is parallel to the
shorter sides of the inner opening 140, can pass to enter the inner opening 140.

The horn 100 is formed over the first and second layers 310, 320. Specifically, the
upper portion of the horn 100 is formed on the first layer 310, while there is the lower

portion of the horn 100 formed on the upper portion of the second layer 320. The upper



WO 2009/078630 PCT/KR2008/007392

[139]

[140]

[141]

[142]

[143]

[144]

[145]

[146]

[147]

[148]

14

portion of the horn 100 corresponds to the outer opening 110 and the inclined portion
120, and the lower portion of the horn 100 corresponds to the protrusion 130 and the
inner opening 140.

The guide 200 is formed over the second and third layers 320, 330. Specifically, an
upper portion of the guide 200 is formed on the lower portion of the second layer 320,
while there is the lower portion of the guide 200 formed on the third layer 330.

Fig. 50 is a perspective view of the first layer 310, Fig. 51 is a plan view of the first
layer 310 viewed from above, and Fig. 52 is a rear view of the first layer 310 viewed
from under.

As shown, the outer opening 110 of the horn 100 is formed on the planar side of the
first layer 310. There also is an opening in the rear side of the first layer 310.

Due to the inclined portion 120 formed on the first layer 310, the area of the outer
opening 110 formed on the planar side is larger than that of the opening formed on the
rear side.

Fig. 53 is a perspective view of the second layer 320, Fig. 54 is a plan view of the
second layer 320 viewed from above, and Fig. 55 is a rear view of the second layer 320
viewed from under.

As explained above, the lower portion of the horn 100 and the upper portion of the
guide 200 are formed on the second layer 320. Referring to Fig. 54, there is an opening
formed on a planar side of the second layer 320 (that is, on the upper portion of the
second layer 320), which corresponds to the inner opening 140 of the horn 100. The
area of the inner opening 140 formed on the second layer 320 is smaller than that of
the opening formed on the rear side of the first layer 310. As a result, the protrusion
130 is formed as illustrated in Fig. 48.

Referring to Fig. 55, on the rear side of the second layer 320 is formed the upper
portion of the guide 200.

Fig. 56 is a perspective view of the third layer 330, Fig. 57 is a plan view of the third
layer 330 viewed from above, and Fig. 58 is a rear view of the third layer 330 viewed
from under.

As shown, the lower portion of the guide 200 is formed on the planar side of the third
layer 330, including: 1) four direction changing units 211, 212, 213, 214 to change the
advancing direction of the electric waves entering the four horns 100; 2) first guide
tube 241 to connect the first and second direction changing units 211, 212; 3) a second
guide tube 242 to connect the third and fourth direction changing units 213, 214;4) a
relay tube 260 to connect the first and second guide tubes 241, 242; and 5) a mixing
tube 280 to mix the electromagnetic waves transferred from the first and second guide
tubes 241, 242 via the relay tube 260 and output the waves.

The direction changing units 211, 212, 213, 214 include protruding ends 221, 222,
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223, 224, and reflecting surfaces 231, 232, 233, 234. Each of the protruding ends 221,
222,223, 224 extends upward from the bottom of one side of the direction changing
unit 211, 212, 213, 214. As the electromagnetic waves entering through the horns 100
hit the protruding ends 221, 222, 223, 224, the waves change direction to face the
reflecting surfaces 231, 232, 233, 234,

The reflecting surfaces 231, 232, 233, 234 are formed as triangular columns, on the
surfaces of the direction changing units 211, 212, 213, 213 that face the surfaces on
which the protruding ends 221, 222, 223, 224 are formed. The reflecting surfaces 231,
232, 233, 234 reflect the electromagnetic waves whose direction is changed due to the
protruding ends 221, 222, 223, 224, so that the electromagnetic waves enter into the
guide tubes 241, 242.

The first protruding end 221 and the first reflecting surface 231 of the first direction
changing unit 211 are in symmetric mirror image with the second protruding end 222
and the second reflecting surface 232 of the second direction changing unit 212. The
third protruding end 223 and the third reflecting surface 233 of the third direction
changing unit 213 are in symmetric mirror image with the fourth protruding end 224
and the fourth reflecting surface 234 of the fourth direction changing unit 214.

The first guide tube 241 mixes the electromagnetic waves, which changed direction
of movement at the first and second direction changing units 211, 212, and provides
the electromagnetic waves to the relay tube 260. The second guide tube 242 mixes the
electromagnetic waves, which changed direction of movement at the third and fourth
direction changing units 213, 214, and provides the electromagnetic waves to the relay
tube 260. The first and second guide tubes 241, 242 are in symmetry with the relay
tube 260.

The first guide tube 241 includes a step 251. Accordingly, one and the other ends of
the first guide tube 241, which are connected to the first and second direction changing
units 211, 212, have wider widths than that of the middle portion. One single step 251
or more than one steps 251 may be formed.

Likewise, the second guide tube 242 includes a step 252. Accordingly, one and the
other ends of the second guide tube 242, which are connected to the third and fourth
direction changing units 213, 214, have wider widths than that of the middle portion.
One single step 252 or more than one steps 252 may be formed.

The first and second guide tubes 241, 242 are connected with each other by the relay
tube 260 by their middle portions. The relay tube 260 is a linear tube, which has a
narrow width in the middle portion than in one and the other ends. To achieve this, the
relay tube 260 includes a protruding portion 270 extending inward by a predetermined
length from a wall connected to the mixing tube 280.

Although the protruding portion 270 is formed on a wall that is connected to the
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mixing tube 280, this is not limited. For example, the protruding portion 270 may be
formed on the opposite wall. Furthermore, more than one protruding portion 270 may
be formed with various lengths. Therefore, it is possible to adjust the frequency of the
electromagnetic waves mixed at the mixing tube 280, by adjusting the number, length,
and width of the protruding portions 270.

The mixing tube 280 extends from the middle portion of the relay tube 260, bent
once to parallel relation with the relay tube 260, and bent again to form a right angle
with the relay tube 260.

A slant surface is formed on the outer edge of the first bent of the mixing tube to
change the advancing direction of the electromagnetic waves, and another slant surface
292 is formed on the outer edge of the second bent to change the advancing direction
of the electromagnetic waves.

Accordingly, the electromagnetic waves entering through the relay tube 260 are
mixed at the mixing tube 280, change the direction due to the slant surfaces 291, 292,
and exit.

The process of the horn array antenna 10 for single linear polarization receiving the
electromagnetic waves will be explained below.

Electromagnetic waves enter into the outer opening 110 of the horn 100, and guided
along the inclined portion 120. The linear polarization having the direction of electric
field that is same as the wider width of the inner opening 140, does not pass the inner
opening 140, while the linear polarization having the direction of electric field that is
same as the narrower width of the inner opening 140 - the width is reduced due to the
presence of the protrusion 130 - passes the inner opening 140 and enters the guide 200.

Specifically, the linear polarization that passes the inner opening 140 moves to the
direction changing units 211, 212, 213, 214 formed on the guide 200, hits the
protruding ends 221, 222, 223, 224 formed on the direction changing units 211, 212,
213, 214 and changes the advancing direction. The linear polarization having changed
direction is reflected against the reflecting surfaces 231, 232, 233, 234, and enters the
guide tubes 241, 242.

After entering from the first and second direction changing units 211, 212 into the
first guide tube 241, the linear polarization is mixed at the middle portion of the first
guide tube 241 and enters into the relay tube 260. The linear polarization entering from
the third and fourth direction changing units 213, 214 into the second guide tube 242,
is mixed at the middle portion of the second guide tube 242 and enters into the relay
tube 260.

As the linear polarizations from the first and second guide tubes 241, 242 enter into
the relay tube 260, the linear polarizations start to be mixed with each other in the

middle portion of the relay tube 260, and advance to the mixing tube 280. The linear
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polarization entering the mixing tube 280 change the advancing direction due to the
slant surfaces 291, 292, and move to be discharged.

The process of the horn array antenna 10 for single linear polarization transmitting
the electromagnetic waves will be explained below.

The linear polarization waves enter the mixing tube 280 of the guide 200, and split
into two streams in the middle portion of the relay tube 250 which are guided into the
first and second guide tubes 241, 242, respectively. Accordingly, the waves advance
along the first and second guide tubes 241, 242 and move forward to one and the other
ends of the first and second guide tubes 241, 242.

The split streams of the linear polarization are reflected against the reflecting
surfaces 231, 232, 233, 234 of the direction changing units 211, 212, 213, 214, and
provided to the protruding ends 221, 222, 223, 224. The linear polarization provided to
the protruding ends 221, 222, 223, 224 change the direction of movement toward the
horns 100 as it hits upon the protruding ends 221, 222, 223, 224, and radiated to
outside through the inclined portions 120 of the horns 100.

Although the horn array antenna 10 for single linear polarization explained above
employs four horns 100, this is only for illustrative purpose. Therefore, it is possible
that the horn array antenna 10 for single linear polarization according to embodiments
of the present invention can employ more than, or less than four horns 100 as occasion
demands.

Meanwhile, in order to improve the receptivity of the single linear polarization at the
horn array antenna 10 for single polarization, it is necessary that the entering linear po-
larization has the direction of electric field that is parallel to the shorter sides of the
inner opening 140 (Fig. 59). Referring to Fig. 60, if the linear polarization entering has
the direction of electric field that is not parallel to the shorter sides of the inner opening
140, the horn array antenna 10 for single linear polarization has bad receptivity of
linear polarization.

However, the receptivity of linear polarization may still be good even when the linear
polarization entering has the direction of electric field that is inclined, rather than
parallel to the shorter sides of the inner opening 140. That is, referring to Fig. 61, there
is a comb-pattern skew filter provided to the horn array antenna 10 for single linear po-
larization.

The teeth of the comb-like skew filter are formed at a predetermined angle with
respect to the vibrating direction of the electric field of the second polarization being
introduced. For example, the predetermined angle may be 90°. However, the angle of
90°is only an example, and accordingly, more or less than 90°may be adaptively
applied depending on the given transmission and reception environment.

Meanwhile, the angle of incidence of the linear polarization is different depending on
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the location (latitude and longitude) of the area where the horn array antenna 10 is
used, and this means that the angle of incidence of the linear polarization can be
computed based on the latitude and longitude of the location to receive the linear po-
larization. Accordingly, based on the latitude and longitude of the area to receive the
linear polarization, the angle of teeth of the skew filter can be decided.

The skew filter may be embodied using conductive materials such as copper, nickel,
or iron, or alternatively, the skew filter may desirably be embodied by plating synthetic
resin with an adequate conductive material. The skew filter may preferably have
0.03mm to Imm of thickness, but this may vary as occasion demands.

Figs. 62 to 65 illustrate a method for applying a skew filter to the horn array antenna
10 for single linear polarization according to embodiments of the present invention.

Referring to Fig. 62, a skew filter 410 provided as a film may be inserted between the
first and second layers 310, 320. Secondly, referring to Fig. 63, a skew filter may be
formed directly on the upper portion of the second layer 320.

According to the abovementioned first and second methods, the skew filter is formed
on the lower portion of the horns 100. The ends of the teeth of the skew filter are in
contact with the edge of the inner opening 140.

Thirdly, and referring to Fig. 64, a film type of skew filter 420 may be attached to the
upper portion of the first layer 310. Fourthly, and referring to Fig. 65, a skew filter may
be formed directly on the upper portion of the first layer 310.

According to the third and fourth methods explained above, the skew filter is formed
on the upper side of the horns 100. The ends of the teeth of the skew filter are in
contact with the edge of the outer opening 110.

The number of teeth of the skew is not limited, and therefore, one or more than one
teeth may be formed as occasion demands. Furthermore, the width of the tooth, and the
intervals between the teeth are not limited. The ends of the teeth may desirably be
rounded. Refer to Figs. 37 to 41 for variations of the skew filter.

It is possible that the ends of the teeth of the skew filter are not in contact with the
edges of the inner opening 140 or outer opening 110. The ends of the teeth may still be
rounded. Figs. 42 to 44 illustrate skew filters whose ends are not in contact with the
edges of the inner opening 140. The skew filters illustrated have one tooth, but one will
understand that two or more teeth may be employed. Although not illustrated, one will
understand that the skew filters may be embodied so that the teeth are not in contact
with the edges of the outer opening 110.

Note that only the film type skew filter can have ends of the teeth that do not contact
the inner or outer opening 140, 110, and it is necessary to coat the skew filter as a thin
layer of nonconductive material to fix the teeth in position.

The teeth of the skew filter may be formed in various manners other than the
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examples provided above.

In the horn array antenna 10 for single linear polarization explained above according
to the embodiments of the present invention, the inner openings 140 are parallel to the
outer openings 110 (that is, the edges of the inner openings 140 are parallel to the
edges of the outer openings 110). However, even when the inner and outer openings
140, 110 are not parallel, for example, even when the edges of the inner openings 140
are at 45° with respect to the edges of the outer openings 110 (Fig. 45), it is still
possible to employ the skew filter according to the embodiments of the present
invention.

Furthermore, although the process of the horn array antenna for single linear po-
larization receiving the polarization has been explained so far, one will understand that
the same applies to the case of transmitting the polarization so that it is possible to use
the skew filter to transmit the polarization having certain degrees of inclination.

Two overlaying skew filters may be used, and a spacer may be inserted between the
horn array antenna 10 and the skew filter or between the skew filters to provide a space
there between. Refer to the detailed explanation about the spacer provided above with
reference to Figs. 46 and 47.

Although the horn array antenna for single linear polarization having a skew filter
has been explained above, one will note that the skew filter can be fabricated
separately.

Fig. 66 is a graphical representation showing movement of a main beam center
according to skew filter. Referring to Fig. 66, PHI has the highest gain at 90 deg when
the skew filter is O deg. The center of the beam gradually moves as the skew filter
moves to 90 deg. A certain level of gain is maintained regardless of the movement of
the skew filter. However, the gain decreases as the skew filter passes a certain point.

Fig. 67 is a view illustrating an example where a skew filter is applied and Fig. 68 is
a view illustrating an angle of a skew filter. Fig. 67 shows a skew filter having an
embedded antenna, and referring to Fig. 68, the center of the main beam is changeable
according to the change of angle. The reference character 'A' in Fig. 68 denotes an
angle.

Fig. 69 is a view illustrating the simulation result obtained at an angle of 0°, Fig. 70
is a view illustrating the simulation result obtained at an angle of 15°, Fig. 71 is a view
illustrating the simulation result obtained at an angle of 30°, Fig. 72 is a view il-
lustrating the simulation result obtained at an angle of 45°, and Fig. 73 is a view il-
lustrating the simulation result obtained at an angle of 75°.

Referring to Figs. 69 to 73, the center of the beam is approximately 90° when A =0,
approximately 100° when A = 15, approximately 118° when A = 30, approximately
122° when A =45, and approximately 141° when A = 75.
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[190] While the invention has been shown and described with reference to certain em-
bodiments to carry out this invention, it will be understood by those skilled in the art
that various changes in form and details may be made therein without departing from
the spirit and scope of the invention as defined by the appended claims.

[191]
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Claims

A horn array antenna for receiving at least one polarization, comprising:

a square-shaped horn portion which transmits and receives the polarization; and
a skew filter having a direction so as to be inclined with respect to a direction of
the square of the square-shaped horn portion.

The horn array antenna of claim 1, wherein the skew filter has a comb-like
shape.

The horn array antenna of claim 2, wherein a tooth of the comb-like skew filter
has an angle which is determined based on at least one from among an angle of
incidence of the polarization, and a location of the horn array antenna.

The horn array antenna of claim 2, wherein the comb-like skew filter has at least

one tooth.
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