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(57) A mutual coupling neutralizer for neutralizing
adverse mutual coupling between a pair of patch anten-
nas for mobile communication system. The coupling
neutralizer includes a first and second capacitor each
having a first end and a second end, where the first
ends are coupled to a respective patch antenna. The
neutralizer further includes a high impedance transmis-
sion line connected to the second ends of the capaci-
tors. The transmission line and capacitors are sized and
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configured to neutralize adverse mutual coupling
between the pair of patch antennas over a predeter-
mined frequency band. The neutralization of mutual
coupling is achieved by exiracting a signal present at
one paich antenna and injecting the signal at the other
patch antenna at a substantially equal amplitude and
opposite in phase.
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Description

TECHNICAL FIELD

The present invention relates generally to a cou-
pling neutralizer and, more particularly, o a coupling
neutralizer for substantially neutralizing mutual coupling
between patch antennas used in a mobile communica-
tion system.

BACKGROUND OF THE INVENTION

Conventional cellular and new personal communi-
cations systems (PCS) are currently enjoying increas-
ing demand throughout the United States and the world.
A majority of urban and suburban areas have at least
one communication system currently in use or planned
to be installed. The large size of conventional cellular
antennas make it difficult to find suitable sites for place-
ment, especially in metropolitan areas.

The large size of a cellular antenna is due in part to
several requirements for a mobile communication sys-
tem. First, the antenna generally must be capable of
simultaneously transmitting and receiving radio fre-
quency signals. Secondly, both the receiving and trans-
mitting antennas must be, in most cases,
omnidirectional, meaning that the antenna is capable of
receiving and transmitting in all horizontal directions.
Finally, the antennas must have a high gain or large
power density in a preferred direction of radiation.

Presently, cellular antennas consist of arrays of
patch antennas that transmit and receive electromag-
netic radiation. Patch antennas are particularly suitable
for use in mobile communication systems because of
their size. The size of a cellular antenna is further
reduced by physically locating the patch antennas close
to one another. However, patch antennas interact with
one another resulting in mutual coupling that adversely
effects the performance of the communication system.

Accordingly, there is a need for a mutual coupling
neutralizer to substantially neutralize mutual coupling
between patch antennas. There is also a requirement to
provide smaller cellular antennas without sacrificing
performance. These and other needs are satisfied by
the mutual coupling neutralizer of the present invention.

SUMMARY OF THE INVENTION

The present invention is a mutual coupling neutral-
izer for neutralizing adverse mutual coupling between
pairs of patch antennas used in a mobile communica-
tion system. The mutual coupling neutralizer includes a
first and second capacitor each having a first end and a
second end, where the first end of each tab is coupled
to a respective patch antenna. The neutralizer further
includes a high impedance transmission line connected
to the second ends of the capacitors. The transmission
line and capacitors are sized and configured to neutral-
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ize adverse mutual coupling between the pair of patch
antennas over a predetermined frequency band. The
neutralization of mutual coupling is achieved by extract-
ing a signal present at one patch antenna and injecting
the signal at the other patch antenna at a substantially
equal amplitude and opposite in phase.

According to the present invention, there is pro-
vided a mutual coupling neutralizer that substantially
neutralizes mutual coupling in cellular antennas.

Also in accordance with the present invention there
is provided a mutual coupling neutralizer relatively sim-
ple to manufacture and easy to install.

Further in accordance with the present invention
there is provided a mutual coupling neutralizer that ena-
bles construction of smaller cellular antennas by locat-
ing patch antennas physically closer to one another.

BRIEF DESCRIPTION OF THE DRAWINGS

A more complete understanding of the invention
may be had by reference to the following Detailed
Description when taken in conjunction with the accom-
panying Drawings wherein:

FIGURE 1 is a schematic representation of a con-
ventional land-based mobile communication sys-
tem;

FIGURE 2 illustrates an antenna for the communi-
cation system of FIGURE 1 with a side portion of a
radome cut away exposing mutual coupling neutral-
izer connected to adjacent patch antennas;
FIGURE 3 is a representation of an electrical circuit
for a mutual coupling neutralizer located between a
pair of patch antennas;

FIGURE 4 is a top view of a mutual coupling neu-
tralizer incorporated on a printed circuit board and
connected to adjacent patch antennas;

FIGURE § is a side view of FIGURE 4 illustrating
mutual coupling neutralizers attached to adjacent
patch antennas;

FIGURE 6 is a top view of mutual coupling neutral-
izers incorporated into conductors, where each
conductor forms an arc substantially perpendicular
to the adjacent pair of patch antennas;

FIGURE 7 is a side view of the neutralizers of FIG-
URE 6 illustrating coupling neutralizers attached to
adjacent patch antennas;

FIGURE 8 is a top view of mutual coupling neutral-
izers incorporated into conductors that are substan-
tially parallel to adjacent patch antennas;

FIGURE 9 is a side view of the coupling neutralizers
of FIGURE 8 illustrating coupling neutralizers
attached to adjacent patch antennas;

FIGURES 10A and 10B are graphs illustrating the
power radiation curves of an antenna receiving hor-
izontal signals at 836 MHz with and without a
mutual coupling neutralizer; and

FIGURE 11 is a graph illustrating a power radiation
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curve of an antenna transmitting signals at 881
MHz with a mutual coupling neutralizer.

DETAILED DESCRIPTION OF THE DRAWINGS

Referring to the Drawings, wherein like numerals
represent like parts throughout the several views, there
is disclosed a land-based mobile communication sys-
tem 10 incorporating patch antennas having a mutual
coupling neutralizer in accordance with the present
invention.

Although preferred embodiments of a mutual cou-
pling neutralizer associated with patch antennas are
discussed herein, those skilled in the art will appreciate
that such preferred embodiments are only a few of
many utilizing the principles of the present invention.
Accordingly, the mutual coupling neutralizers described
should not be construed in a limiting manner.

Referring to FIGURE 1, there is a schematic illus-
trating the land-based mobile communication system 10
that is well-known in the art and intended to be repre-
sentative of all such systems. The communication sys-
tem 10 includes multiple base stations 12 linked by a
land-line 14 to a mobile communications switching
office 16. The mobile communications switching office
16 connects with a local telephone system via trunk
lines 18. Each base station 12 includes an antenna 24
connected to a radio frequency transmitter and receiver
(not shown). The base station 12 simultaneously broad-
casts and receives radio frequency signals over preas-
signed channels within a given frequency band.

Communication between the base station 12 and a
mobile radio frequency transmitter and receiver, such
as a mobile telephone carried in an automobile 22, is
full duplex. The antenna 24 generally broadcasts and
receives signals in all directions of azimuth.

Referring to FIGURE 2, there is illustrated the
antenna 24 suitable for use in the mobile communica-
tion system 10 or other systems. The antenna 24 is
enclosed by a substantially rigid, cylindrically-shaped
radome 26 formed of a dielectric material. Enclosing the
top of the radome 26 is a removable cap 28 for sealing
the radome top and providing access to elements
located inside the radome. A mounting base 30 for
attaching the antenna 24 to a supporting structure is
connected to and seals a bottom of the radome 26.

A flat or planar antenna panel 32 is revealed when
a front portion of the radome 26 is cut-away. The
antenna panel 32 includes three sections 32a, 32b and
32¢ of a dielectric material, the three sections are
arranged end-to-end. On one surface of the three die-
lectric panels are etched, in a conventional manner,
nine transmit patch antennas 34 and nine receive patch
antennas 36 forming, respectively, a linear transmit
array and linear receive array. The transmit patch anten-
nas 34 are interleaved or alternated with the receive
patch antennas 36 and between each pair a mutual
coupling neutralizer 100 is positioned. A central pole or
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mast 44 supports the antenna panels 32a, 32b and 32c,
and the radome 26 in a vertical position.

The antenna panels 32a, 32b and 32c each have a
layer of metal (not visible) that forms a ground plane.
Each transmit patch antenna 34 is fed signals through a
back of the antenna panel 32 using a feed probe
attached to a conventional coaxial connector (not
shown). The tip 35 of each feed probe connector is con-
nected to the transmit patch antenna 34.

Each receive patch antenna 36 is dual linearly
polarized by feeding the receive patch antenna from the
rear at two points, orthogonal to each other with respect
to the center of the receive patch antenna. Alternately,
the transmit paich antennas 34 and receive patch
antennas 36 are fed by microstrip lines deposited on a
layer of the antenna panels 32a, 32b and 32¢.

The connectors of the transmit patch antenna 34
are connected by coaxial cable to afirst power splitter to
combine the signals from all of the transmit patch anten-
nas 34 into a single signal for transmission to a radio
receiver. In a similar manner, vertical polarization con-
nectors from each receive patch antenna 36 are con-
nected to a second power splitter, and horizontal
polarization connectors are connected to a third power
splitter. For simplicity, the three power splitters are sche-
matically represented by box 38, and coaxial cables
connecting each patch antenna 34 and 36 to the
respective power splitter are omitted. A group of three
cables 39, one for the transmit array and two for the
receive array, extend through the mounting base 30 for
connection to cables from the transmitters and receivers
of the base station 12.

Referring to FIGURE 3, there is illustrated an elec-
trical representation of a mutual coupling neutralizer
100 positioned between the transmit patch antenna 34
and the receive patch antenna 36. The coupling neutral-
izer 100 functions as a low-Q resonant circuit, and is
electrically represented by a first capacitor 110, a sec-
ond capacitor 120 and a high impedance transmission
line or impedance element 130 all connected in series.
The first capacitor 110 and the receive patch antenna
36 are interconnected, and the second capacitor 120
and the transmit patch antenna 34 are interconnected.
The impedance element 130 is connected between the
first capacitor 110 and the second capacitor 120. Also
illustrated is stray capacitance 118 that exists between
the patch antennas 34 and 36 regardless of whether a
mutual coupling neutralizer 100 is installed.

Referring to FIGURES 4 and 5, there is illustrated
the mutual coupling neutralizer 100 implemented on an
insulated mounting base or printed circuit board 150.
The coupling neutralizer 100 includes the first capacitor
110, the second capacitor 120 and the high impedance
transmission line or impedance element 130. The first
capacitor 110 has a first end 112 connected to the
receive patch antenna 36 and a second end 114 con-
nected to the high impedance transmission line 130.
The second capacitor 120 has a first end 122 connected
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to the transmit patch antenna 34, and a second end 124
connected to the end of the transmission line 130.

The first capacitor 110, the second capacitor 120
and the transmission line 130 are etched foil patterns on
substrates of the printed circuit board or insulated
mounting base 150. When installed in the radome 26,
the printed circuit board 150 may have the etched foil
patterns facing toward or away from the patch antennas
34 and 36, refer to FIGURE 5. The etched foil patterns
are sized to neutralize adverse mutual coupling
between a pair of patch antennas 34 and 36 over a pre-
determined frequency band. Reduced mutual coupling
is achieved by extracting a signal present at one patch
antenna 34 or 36 and injecting the signal at the other
patch antenna 36 or 34 at a substantially equal ampli-
tude and opposite in phase.

A coupling neutralizer 100 has been constructed in
accordance with the dimensions listed in a table below.
The dimensions are representative of the preferred
embodiment operating at 836 MHz; however, other
dimensions are permissible depending on the applica-
tion. The table below sets forth the dimensions (inches)
of the coupling neutralizer, refer to FIGURE 4 for corre-
sponding segments.

Segment | Dimension | Segment | Dimension
W 0.65 L 0.35
a 0.246 b 0.567
c 0.359 d 1.479
e 0.433 f 0.450
g 0.365

The segments a-g have a uniform width of 0.115" and a
combined length of approximately one-quarter wave-
length.

Referring to FIGURES 6 and 7, there is illustrated a
second embodiment of the present invention where the
mutual coupling neutralizer 100 is implemented as a
conductor. The coupling neutralizer 100 has the same
elements, the first capacitor 110, the second capacitor
120 and the high impedance transmission line 130 as
described in FIGURES 4 and 5; however, the conductor
is utilized rather than the insulated mounting base 150.
The conductor of the mutual coupling neutralizer 100 is
sized and configured to form an arc substantially per-
pendicular to the patch antennas 34 and 36.

Also illustrated is a shim 140 located under the
patch antennas 34 and 36. The shim 140 functions to
adjust the frequency of a patch antenna 34 or 36 back
to band center after the connection of the coupling neu-
tralizer 100. The shim 140 is typically required when the
coupling neutralizer 100 has been installed in an exist-
ing cellular antenna 24, where the antenna 24 was orig-
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inally sized to have a specific band center.

Referring to FIGURES 8 and 9, there is illustrated a
third embodiment of the mutual coupling neutralizer 100
also in the form, a conductor. The coupling neutralizer
100 has the same elements, the first capacitor 110, the
second capacitor 120 and the transmission line 130 as
described in FIGURES 6 and 7. However, the conductor
of the coupling neutralizer 100 is sized and configured
to be installed substantially parallel to the patch anten-
nas 34 and 36.

Referring to FIGURES 10A and 10B, the graphs
illustrate the power radiation curves of an antenna 24
receiving horizontal signals at 836 MHz with and without
the mutual coupling neutralizer 100. The graph in FIG-
URE 10A is a baseline plot of decibels vs Degrees from
Horizontal depicting a main beam or gain of an antenna
24 without the coupling neutralizer 100. The main beam
was measured at 11.51 db at zero degrees from hori-
zontal. Grating lobes are beams located on either side
of the main beam.

The graph in FIGURE 10B had a main beam or gain
of 13.86 db measured under substantially the same
conditions that enabled computing the graph of FIG-
URE 10A. In FIGURE 10B the mutual coupling neutral-
izer 100 was installed between adjacent pair of patch
antennas. The coupling neutralizers 100 where imple-
mented on the insulated mounting base 150. Also, the
grating lobes of FIGURE 10B are smaller than the grat-
ing lobes of FIGURE 10A thereby indicating an increase
in performance of the antenna 24.

Referring to FIGURE 11, the illustration is of a
power radiation curve of an antenna transmitting signals
at 881 MHz with a mutual coupling neutralizer between
adjacent pairs of patch antennas. The graph indicates
an antenna 24 with a gain of 14.16 db with mutual cou-
pling neutralizers 100 installed. The coupling neutraliz-
ers 100 were implemented with insulated mounting
bases 150 when measuring the gain indicated by the
graph.

While the present invention has been described
with reference to the illustrated embodiments, it is not
intended to limit the invention but, on the contrary, it is
intended to cover such alternatives, modifications and
equivalents as may be included in the spirit and scope
of the invention as defined in the following claims.

Claims

1. A mutual coupling neutralizer for neutralizing cou-
pling between a pair of patch antennas of an
antenna used in a mobile communication system,
comprising:

first and second capacitors each having a first
end and a second end, the first end of each
capacitor connected to a respective patch
antenna; and

a transmission line connected to the second
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end of each of the capacitors, the size of and
configuration of the transmission line and the
first and second capacitors selected to neutral-
ize adverse mutual coupling between the pair
of patch antennas over a predetermined fre-
quency band.

The mutual coupling neutralizer in accordance with
Claim 1 further comprising at least one shim
located under each of the patch antennas of the
pair, to adjust the frequency of the patch antennas
to band center.

The mutual coupling neutralizer in accordance with
Claim 1 further comprising an insulated mounting
base supporting etched foil patterns of the trans-
mission line and the first and second capacitors.

The mutual coupling neutralizer in accordance with
Claim 1 wherein the first and second capacitors and
the transmission line comprise integral components
of a conductor interconnecting the pair of patch
antennas.

The mutual coupling neutralizer in accordance with
Claim 4 wherein the conductor comprises an arc
mounted substantially perpendicular to the pair of
patch antennas.

The mutual coupling neutralizer in accordance with
Claim 4 further comprising an antenna panel, and
means for mounting the conductor and the pair of
patch antennas substantially parallel to the antenna
panel.

The mutual coupling neutralizer in accordance with
Claim 1 wherein the pair of patch antenna elements
comprises a receiving antenna and a transmitting
antenna and further comprising means for mount-
ing the transmission line and first and second
capacitors between adjacent patch antennas.

A cellular antenna for a mobile communication sys-
tem, comprising:

at least one antenna panel having formed ther-
eon a first, vertically-oriented, linear array of a
plurality of patch antennas for receiving signals
and a second, vertically-oriented, linear array
of a plurality of patch antennas, interleaved
with the elements of the first array, for transmit-
ting signals; and

a plurality of mutual coupling neutralizers indi-
vidually connected between a transmitting
patch antenna and a receiving patch antenna.

9. The cellular antenna in accordance with Claim 8

further comprising a radome enclosing the at least
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10.

11.

12.

one antenna panel.

The cellular antenna in accordance with Claim 8
further comprising a mounting plate for attaching
the radome to a supporting surface, and a plurality
of connectors extending through the mounting plate
for electrical connection to each of the at least one
antenna panel.

The cellular antenna in accordance with Claim 8
further comprising means for coupling the cellular
antenna to a base station of the mobile communica-
tion system.

A method for neutralizing coupling between a pair
of patch antennas, comprising the steps of:

extracting a signal present at one patch
antenna; and

injecting the extracted signal at the second
patch antenna of the antenna pair at an ampli-
tude substantially equal to the amplitude of the
extracted signal and opposite in phase from the
extracted signal.
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FIG. 104 ANTENNA PATTERN-GAIN = 11.51dB @ 836MHz
(BASELINE) — WITHOUT COUPLING DEVICE
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FIG. 11 ANTENNA PATTERN-GAIN = 14.16dB @ 88{MHz
TRANSMIT - WITH COUPLING DEVICE
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