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ABRSTRACT

An array antenna with each antenna element 1in the array beling

physically tilted away from a Dbase plahe of the array. End
antenna elements are tilted at a higher angle than regular
antenna elements. The radiation pattern, the end antenna
elements can provide coverage directly above the antenna array

(1.e. at 90 degrees to the horizontal) for different

electrical tilts.
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GROUND TO AIR ANTENNA ARRAY

TECHNICAL FIELD

(0001]

The present invention relates to wilreless
communication. More specifically, the present
invention relates to ground-to—-alir or air-to—ground

antennas.

BACKGROUND

L0002 ]

(0003]

(0004 ]

Ground-to—-air antennas are designed to emit radiation
towards the sky, such as towards airplanes. Ground-to-
alr antennas may alsoc be used to emit radiation from
an elevated position towards the ground, such as 1n

stadiums or indoor applications.

Because of the above, the elevation pattern of such

“antennas must form a specific shape to prcvide the

required radiation coverage at all angles, up to 90
degrees from the horizontal. Ideally, this elevation
pattern takes path loss compensation at each tilt of
the antenna into consideration. Figure 1 shows such an
example of an ideal elevation pattern for ground-to-
alr antennas based on path loss. This pattern may not

be 1deal for all applications.

Figure la shows a typical base station pattern with
mechanical uptilt. Typical base station antennas

create elevation patterns with a null signal dilrectly
overhead of the antenna due to the effect of each
antenna element’s pattern. This 1s mostly due to the

positioning of the array at 90 degrees to the horizon
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(0005]

10006

(0007]

SUMMARY

10008 ]

which will give almost zero radiation at 90 degrees

above tThe horizon.

One solutiocon to overcome this 1ssue involves
mechanically tilting the antenna unit towards the sky.
However, mechanical tilting at certain angles results
in problematic configurations for tower-mounted
antennas, as shown in Figure 2. These tower—mounted
antennas can be difficult to mount, can be subject to
high mechanical stresses, and do not provide the

coverage desired.

Another known soluticon to the null signal produced at
90 degrees (i.e. directly above the antenna) 1s the
use of custom—shaped beam elements 1n place of an
array of antennas. Figure 3 shows an example of a
state of the art ground-to-alr antenna elevation
pattern from US Patent No. 6 735 438. However, 1n such
configurations, due to wide beamwidth, galn 1is low and
the angle of the maximum beam cannot be modified

ceaslly.

There is therefore a need to mitigate, 1f not

overcome, the shortcomings of the prior art.

The present invention provides an array antenna with

cach antenna element 1in the array being physically

tilted away from a base plane of the array. Eknd
antenna elements are tilted at an even higher angle
than other antenna elements. In such an arrangement,
the end antenna elements can provide coverage directly
above the antenna array (i.e. at 90 degrees to the

horizontal) .
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1 0009]

In one aspect, the present invention provides an
antenna array for ground-to—-air communication

comprising:

— a plurality of antenna elements, each antenna
element being tilted away at a first tilt angle from a

base plane of the antenna array;

— at least one end antenna element, the at
least one end antenna element belng tilted away at a

second tilt angle from the base plane of the antenna

array;

wherein the second tilt angle 1s greater than the

first tilt angle.

BRIEF DESCRIPTION OF THE DRAWINGS

[0010]

The embodiments of the present invention will now be
described by reference to the following figures, 1n
which identical reference numerals 1n different

figures indicate identical elements and 1n which:

FIGURE 1 shows an example of an ground—-to—-alir antenna

elevation pattern based on path loss compensation;

FIGURE 1A shows a typical uptilted base station

pattern with null at 90 degrees above horizon.

FIGURE 2 shows a mechanically tilted antenna array

known in the prior art.

FIGURE 3 shows an air-to-ground pattern known in the

Orior art;

FIGURE 4 shows a perspective view of one embodiment of

the present invention;
_3_
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FIGURE 5 shows a front view of another embodiment of

the present 1nvention;

FIGURE 6 shows another embodiment of the present
invention with individual elements tilted at 25
degrees and the end element tilted at 65 degrees with

a 65 degree azimuth pattern;

FIGURE 7 shows another embodiment of the present
invention with individual elements tililted at 25
degrees and the end element tilted at 65 degrees with

a 2 elements designed 45 degree azimuth pattern;

FIGURE 8 shows the novel ground-to—alr antenna
elevation and azimuth pattern measurements with
individual elements tilted at 25 degrees and the end
element tilted at 65 degrees with a 65 degree azimuth

pattern.

FIGURE 9 shows the novel ground-to—-alr antenna
elevation and azimuth pattern measurements with
individual elements tilted at 25 degrees and the end
element tilted at 65 degrees with a 2 elements

designed 45 degrees azimuth pattern.

Figure 10 shows the novel ground-to—-alr antenna
elevation pattern measurements with electrical tilt of
13 degrees provided by a phase shifter at 2317 MHz,
where the elements are 25 degrees tilted and the end

element 1s tilted from 65 degrees the base plane.

Figure 11 shows the novel ground-to—air elevation
pattern measurements with electrical tilt of 5 degrees
provided by a phase shifter at 2317 MHz, where the
elements are 25 degrees tilted and the end element 1s

tilted 65 degrees from the base plane.
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The Figures are not to scale and some features may Dbe
exaggerated or minimized to show details of particular
elements while related elements may have been
eliminated to prevent obscuring novel aspects.
Therefore, specific structural and functional details
disclosed herein are not to be interpreted as limiting
but merely as a baslis for the claims and as a
representative basis for teaching one skilled in the

art to wvariously employ the present invention.

DETAILED DESCRIPTION

L0012]

[0013]

10014 ]

The present invention provides an antenna array 1in
which individual antenna elements can be physically
tilted independently to provide enhanced radiation
coverage. This antenna array provides coverage 90
degrees above the antenna by means of mechanical tilt
for individual elements. The individually tilted
antenna elements may have different angles to provide

different shaped beams.

In one aspect of the present invention, the effective

tilt of the full antenna array may be changed by

introducing phase—-shifters. These phase-shifters can
adjust the effective tilt of the resulting beam.
However each physical antenna element can Dbe
physically (i.e. mechanically) tilted relative to a
base plane of the antenna array in order to provide
radiation at angles which may not otherwise be

reachable by signals from the array.

In one implementation, by using an electrical beam

tilt, the resulting beam tilt of an individual antenna
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[0015]

[0016]

0017/ ]

clement may be up to 20 degrees without regquiring more

than 8 degrees of mechanical uptilt.

Figures 4, 5, 6 and 7 show various embodiments of the

present 1nvention.

Referring to Figure 4, one aspect of the present
invention 1s l1llustrated. An antenna array 100 1in
isometric view 1ncludes several 1ndivlidual antenna
elements 110. Top or end individual antenna elements
120 are positioned at one end of the antenna array
100. In this embodiment, the antenna array 1s a 5 x 2
array, not i1ncluding the end antenna elements. For
case of reference, it should be noted that the antenna

array 100 has a flat base plane 125 that functions as

the base for the multiple antenna elements 110. Each
individual antenna element 110 includes a base plate
on which a patch antenna 1s placed along with sultable
associated circuitry. It should be clear from the
FFigure that all ﬁhe antenna elements, 1ncluding the
end antenna elements, are tilted or angled away from
the base plane in such a way that provide the desired
pattern. The elements, therefore, can each be tilted
in different directions and have different tilt angles

wlith respect to the base plane.

As cah be seen from Figure 4, each individual antenna
element 110 is angled away from the base plane of the
antenna array 100. The end antenna elements 120 are
also angled away from the base plane of the antenna
array 100 but the angle between the base plates of the
end antenna elements‘lZO and the Dbase plane 1s higher
than the angle between the base plates of the regular
antenna elements 110 and the base plane. In one

embodiment, the individual antenna elements 110 are
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1001 9]

1 0020]

angled at between 25-30 degrees from the pbase plane
125 while the end antenna elements 120 are angled at
between 50-70 degrees from the base plane 125. The
difference 1in angle or tilt between the regular
antenna elements and the end antenna elements allow
for coverage of the area directly above the antenna

array by way of the end antenna elements.

Referring to Figure 5, another embodiment of the
present inventilion with two Side by side antennas, each
having a 45 degree azimuth pattern 1s 1llustrated. In
this embodiment, the antenna array 1s a 5 x 4 array
with 5 rows and 4 columns of antenna elements 110, not
counting the end antenna elements 120. This can
provlide different azimuth beamwidth patterns while
shaping the pattern through the elevation. Multiple
configurations, with different numbers of rows and/or

columns from those 1llustrated are, ot course,

possible.

It should be noted that, for better coverage, the
resulting beam the antenna array can be
electronically tilted to increase or decrease the

effect of the mechanical tilting or angling of the
physical antenna elements. As.such, 1f the antenna
array 1s deployed such that the base plane of the
array 1s perpendicular to the horizontal, coverage oI
the area directly above the antenna array may be
obtained by the tilted elements, particularly the end
element. The general shape of the pattern and 1ts beam

peak can be modified by electronically steering the

beam.

Figure 6 shows another embodiment of the present

invention. In this embodiment, the antenna array 100
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[0021]

10022 ]

includes two end individual antenna elements 120 and
two rows and two columns of 1ndividual antenna
elements 110. In this embodiment, The i1ndividual
antenna elements 110 are mechanically tilted upward by
25 to 30 degrees and the top 1ndividual antenna
elements 120 are mechanically tilted at a higher

angle, between 50 and 70 degrees.

Figure 7 shows another embodiment of the present
invention. In this embodiment, the antenna array 100
includes four end individual antenna elements 120 and
four columns and five rows of 1ndividual antenna
elements 110. It should be noted that while the
individual antenna elements are uniformly spaced with
respect to the other antenna elements in the figures,
other embodiments with non—-uniform spacing between

antenna elements are also possible.

Figure 8 shows an azimuth and elevation coverage plot
for an embodiment of the present invention where the
antenna array includes 6 individual antenna elements
connected to a 6 output phase shifter (embodiment not
shown in Figures). In this embodiment of the present
invention, the individual antenna elements use dual-

polarity patch antennas. Furthermore, the end

individual antenna element 1s mechanilcally tilted at

65 degrees and the regular individual antenna elements
are mechanically tilted at 25 degrees. Fences were
used to shape the beam in azimuth. As noted above, the

individual antenna elements can be remotely controlled

to provide electrical tilting of the resulting beam.
For this embodiment, the remote controlled electrical
uptilt was between 5 and 20 degrees. Another

embodiment of the present invention may provide
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10024 ]

(0025

[00206]

adjacent dual—polarity antennas, thereby effectively

providing a 4-port antenna (as shown in Figure o).

Figure 9 shows an azimuth and elevation coverage plot
for an implementation of the present invention with
individual antenna elements angled at 25 degrees from
the base plane while the end antenna elements 120 are
angled at 65 degrees from the base plane 125. In the
embodiment of the present invention used to obtailn
this plot, an azimuth splitter was used between TWO
individual antenna elements to provide azimuth 45

degree beamwidth.

Figure 10 shows an elevation coverage plot for an
implementation of the present invention with
individual antenna elements angled at 25 degrees from
the base plane and the end element angled at 695
degrees, while phase of the elements adjusted by a
phase shifter to provide 13 degrees uptilt for the

array.

Figure 11 shows an elevation coverage plot for an
implementation of the present invention with
individual antenna elements angled at 25 degrees from

the base plane and the end element is angled at 65

degrees, while the phase of the elements 1s adjusted

by a phase shifter to provide a 5 degrees uptilt for

the array.

The present invention can also be used to reduce the
sidelobe near the ground by combining mechanical and
electrical beam tilting. For example, sidelobes can be
reduced by mechanically uptilting antenna by o degrees
and compensating with an electrical downtllt of -o
degrees. This provides lower elevation sidelobe level

(SLL) toward the ground.
_9-__
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(0027 ]

(0028 ]

[0029]

L0030 ]

Another embodiment of the present 1nvention uses a
metal antenna end-cap to reduce SLL towards the

ground. Such a configuration can be used to reduce the

SLL underneath the antenna array.

Tt should be noted that the present 1nvention may be

used for multibeam or dual-band or multi-band

antennas.

The present invention can be used for air—to~ground
communications. For example, 1n one embodiment of the
present invention, individual antenna elements may be
mechanically or electrically downtilted to direct

precisely shaped beams towards the ground.

A person understanding this invention may now concelve
of alternative structures and embodiments or
variations of the above all ¢of which are intended to

fall within the scope of the invention as defined 1in

the claims that follow.
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What 1s claimed 1s:

1. An antenna array for ground-to-air communication

comprising:

- a plurality of antenna elements, each antenna element
being tilted away at a first tilt angle from a base plane of

the antenna arravy;

— at least one end antenna element, the at least one end

antenna element being tilted away at a second tilt angle from

the base plane of the antenna arrayy;

wherein the second tilt angle 1s greatér than the first tilt

angle.

2 . The antenna array according to claim 1, wherein the first

tilt angle is between 25-30 degrees.

3. The antenna array according to claim 1, wherein the

second tilt angle is between 50-70 degrees.

4 . The antenna array according to claim 1, wherein resulting

beams from the plurality of antenna elements are electrically

beam tilted by a phase-shifter.

0. the antenna array according to claim 1, wherein resulting

beams from the array are electrically beam tilted by a phase-

shifter.

o . The antenna array according to claim 1, wherein at least
one antenna element of the plurality of antenna elements

comprises a dual-polarity patch antenna.

7. The antenna array according to claim 1, whereln the at
least one end antenna element comprises a dual-polarity patch

antenna.
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8. The antenna array according to claim 1, wherein resulting

beams are beam tilted by remote control.

9. The antenna array according to claim 1, wherein the

antenna array 1s a multi-beam antenna.

10. The antenna array according to claim 1, whereln the

antenna array 1s a dual-band antenna.

11. The antenna array of claim 1, in which the angle of each
of the plurality of antenna elements from the base plane and
spacing in elevation is optimized to provide an elevation

pattern for a specific application.
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FIGURE 10
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