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MULTIPLE-ANTENNA SYSTEMS
WITH ENHANCED ISOLATION AND DIRECTIVITY

FIELD
[0001] The present disclosure generally relates to multiple-antenna

systems with enhanced and/or good isolation and directivity.

BACKGROUND

[0002] This section provides background information related to the
present disclosure which is not necessarily prior art.

[0003] Multiple-antenna radio systems generally use multiple antennas
at the transmitter and/or receiver to improve communication performance. Such
multiple-antenna systems are commonly referred to or known as Multiple Input
Multiple Output (MIMO) antenna systems. Multiple-antenna radio systems are
commonly used in wireless communications, because these systems may offer
significant increases in data throughput and link range without additional

bandwidth or transmit power.

SUMMARY _

[0004] This section provides a general summary of the disclosure, and
is not a comprehensive disclosure of its full scope or all of its features.

[0005] According to various aspects, exemplary embodiments are
disclosed of multiple-antenna systems having enhanced and/or good isolation
and directivity. In an exemplary embodiment, an antenna system generally
includes a ground plane and two or more antenna elements coupled to the
ground plane. The system also includes two “or more low frequency
isolators/reflectors and two or more high frequency isolators/reflectors coupled to
the ground plane. . ' |

[0006] Further areas of applicabilify will become apparent from the

description provided herein. The description and specific exa'mples in this
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summary are intended for purposes of illustration only and are not intended to

limit the scope of the present disclosure.

| DRAWINGS

[0007]  The drawings described herein are for illustrative purposes onIy
of selected embodiments and not all possible implementations, and are not
intended to limit the scope of the present disclosure.

[0008] FIG. 1 is a perspective view of a multiple-antenna system
having three antenna elements, three high frequency ieolators/reﬂectors, and
three low freqUency isolators/reflectors according to an exemplary embodiment
of the present disclosure, where the internal antenna components (typlcally
covered and hidden from view by a radome) are shown for clanty,

[0009] FIG. 1A is a perspective view of the multiple-antenna system
shown in FIG. 1 and exemplary coaxfal cables feeding the antenna elements
according to an exemplary embodiment; |

[0010] FIGS. 2A and 2B are exemplary line graphs illustrating isolation
in decibels versus frequency (in gigahertz) measured for a prototype of the
'multiple-antenna system shown in FIG. 1 with isolators/reﬂectore (FIG. 2A) and
without isolators/reflectors (FIG. 2B), respectively; ’

[0011] FIGS. 3A and 3B illustrate exemplary azimuth plane radiation
patterns measured for the three antenna elements of a prototype of the multiple-
antenna system shown in FIG. 1 at a frequency of 2.45 gigahertz (FIG. 3A) and
5.47 gigahertz (FIG. 3B); »

[0012] FIG. 4 is a perspective view of another exemplary embodiment
of a muItipIe-ahtenna system having six antenna elements, six high frequency
isolators/reflectors, and six low frequency isolators/reflectors, where the mternal

antenna components (typically covered and hidden from view by a radome) are

~ shown for clarity; and

[0013] FIG. 5 illustrates exemplary azimuth plane radiation patterns
measured for the six antenna elements of a prototype of the multiple-antenna

system shown in FIG. 4 at a frequeney of 5.35 gigahertz.
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DETAILED DESCRIPTION

[0014] Example embodiments will now be described more fully with
reference to the accompanying drawings. |

[0015] In multiplé-antenna systems, multiple antennas are used to
improve transmission robustness and/or increase t'ra.n_smiss'ion rate. Generally,
multiple antennas for h1ultiple input multiple output (MIMO) syStems perfofr_n well
under the condition that the antennaé h'avellow bross correlation in different
schefnes namely spatial scheme, pattern scheme, and polarization scheme. For
ecbnomical reasons du'ring desi‘gn and manufacturing, the multiple antennas are
usually of identical design. With the market trend towards smaller and more
compact devices, the decreasing overall size of the device means that the
antennas are being increasingly put closer and closer together. But having
multiple antennas in close proximity results in poor isolation between the
antennas, which, in turn, decreases the performance of the radio system. For
example, the inventors have recognized that because the antennas are usually of
identical design for a multiple-antenna system, thé radiation patterns might
overlap with equal antenna gain. In which case, stability might become an issue
when the radio system constantly switches back and forth between the antennas.

[0016] Accordingly, the inventors have disclosed herein multiple-
antenna systems including multiple antennas and multiple isolators/reflectors to
enhance the isolation between antennas and at the same time increase the
directivity of the individual antenna elements. In various exemplary embodriments,
each antenna element has a sector-shaped radiation pattern with an equally-
divided coverage sector angle such that the sum of all sector angles for the
antenna elements equals the total coverage ahgle réquired. This is considered to
be utilizing the pattern scheme that offers higher capacity and longer range for
the systems.

[0017] In various exémplary embodiments, a system includes a one-to-
one ratio of antenna elements to the high frequency isolators/reflectors and to the

low frequency isolators/reflectors. That is, these exemplary embodiments include
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the same number of antenna elements, high frequency isolators/reflectors, and
low frequency isolators/reflectors. For example, the inventors have disclosed
exemplary embodiments (e.g., system 100 (FIG. 3), etc.) that includes three
antenna elements, three high frequency isolators/reflectors, and three low
frequency isolators/reflectors. The inventors have also disclosed exemplary
embodiments (e.g., system 200 (FIG. 4), etc.) that includes six antenna
elements, six high frequency isolatdrs/reﬂectc')rs, and six low frequency
isolators/reflectors. Other exemplary embodiments may include more or Ie‘sé
antenna eIerhents, high frequency isolators/reflectors, and/or low frequency
isolators/reflectors, as a system may be scaled (e.g., two antennas, four
antennas, five antennas, seven antennas, etc.) accordingly depending on the
particular requii'ements of the intended application orv'end-use. In addition, other
exemplary embodiments need not include a one-to-one ratio or equal/same
number of antenna elements, high frequency isolators/reflectors, and/or low
frequency isolators/reflectors. For example, other exemplary embodiments may
include a number of high frequency isolators/reflectors and/or low frequency
isolators/reflectors equal to, greater than, or less than the number of antenna
elements.

[0018] In various exemplary embodiments, a system includes muItipIé
antenna elements and multiple isolators/reﬂectors. The isolators/reflectors may
be positioned relative to the antenna elements to increase isolation between the
antenna eléments and/or increase directivity of each antenna element in the
direction of the sector that the particular antenna element serves. The multiple
isolators/reflectors may include one or more combined high freqUency and low
frequency' isolators/reflectors. Additionélly, .or alternatively, the muiltiple
isblators/reﬂectors may include one or more high frequency isolators/reflectors
that are separate and/or spaced apart from one or more low frequency
isolators/reflectors. By way of example only, a low frequency isolators/reflector
may be configured to be operable with frequencies failing within the 2.45
gigahertz band (from 2.4 gigahertz to 2.5 gigahertz), and a high frequency

isolators/reflector may be configured to be operable with frequencies falling
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within the 5 gigahertz band (from 4.9 gigahertz to 5.875 gigahertz). These
frequéncies are only examples, vhow'ever,- as aspects of the present disclosure
are not limited solely to these two frequency bands.

[0019] In one particular exemplary embodiment, an antenna system
includes three antenna elements configured for operation in a high frequency

band and low frequency band. Isolators/reflectors are mounted vertical.ly over a

. ground p'Iane. The antenna elements are placed equidistant from the center of a

circular pbrtion of the ground plane, which circular portion may simply be an
imaginary or réference circle that is imagined or defined on the top surface of the
ground plane for reference purposes. The mounting point of the antenna
elements are on the circumference of the circulér portion or iméginary circle on
the ground plane. The antenna elements are spaced equally apart, so that a one
hundred twenty degree (120°) arc is formed or defined between the mounting
point of two adjacent antenna elements and the center of the imaginary circle or
circular portion on the ground plane. Three inverted U shaped low freqUency
isolators/reflectors are placed in a star-shaped configuration centered at the
center of the imaginary circle or circular portion on the ground plane. Another
three inverted U shaped high frequency isolators/reflectors are each placed
adjacent a corresponding one of the antenna element between that antenna
element and the center of the imaginary circle or circular portion on the ground
plane. The antenna elements may be of any .type suitable, such as a mo'nopole
antenna, an inverted F antenna (IFA), planar inverted F antenna (PIFA), etc. The
inverted U shaped elements are operable as both isolators and reflectors. The
frequency at which each upside down or inverted U shaped element is effectivé

is determined primarily by the length of the horizontal section of the upside down

or inverted U shaped element. With this exemplary disclosed embodiment, the

isolation between the antenna elements was increased (e.g., by about seven
percent to about ten percent, etc.). This increased isolation allows for more
antenna elements to be put in the same volume of space and/or allows the same
number of antennas to be put in a smaller volume of space. This example

embodiment also allows for increased directivity of each antenna element in the
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direction of the sector that the particular antenna element serves. In turn, this will
help improVé radio stability and increase receive-sensitivity extending the range
of the radio transmission. .

[0020] With reference now to the figures, FIG. 1 illustrates an
exemplary embodiment of a multiple-antenna system 100 embodying one or
more aépects of the present vdisclo'sure. As shown, the antenna system 100
includes three antenna elements | 104, 108, 112, three low frequency
isolators/reflectors 116, 120, 124, and three high frequency isolators/reflectors
128, 132, 136. The antenna elements and isolators/reflectors are mounted on or
to the ground plane 140 in a generally vertical orientation and perpendicularly
relative to the ground plane 140. | ' |

[0021] This particular system 100 is configured for use as tri-sectorial
multiple-antenna system (e.g., MIMO antenna system), although aspects of the
present disclosure are not limited solely to tri-sectorial and/or MIMO antenna
systems. And, each antenna element 104, 108, 112 may be identical to the other
antenna elements, or one or more of the antenna elements may be differently
configured (e.g., shaped, sized, different materials, etc.) than the other antenna
elements dépending on the particular .end use or application. In addition, each of
the low frequency isolators/reflectors 116, 120, 124 may be identical, or they may
be different from each other. Likewise, each of the high frequency
isolators/reflectors 128, 132, 136 may be identical, or they may be different from
each other.

[0022] With continued reference to FIG. 1, each antenna elemenf 104,
108, 112 includes, and/or is supported by,' a substrate, such as substrate 105,
109, 113. The substrates 105, 109, and/or 113 may be a rigid insulator, such as

a circuit board substrate (e.g., Flame Retardant 4 or FR4, etc.), plastic carrier,

etc. Alternatively, the substrates 105, 109, and/or 113 may be a flexible insulator,

such as a flexible circuit board, flex-film, etc. The antenna elements 104, 108,
112 may include electrically-conductive material (e.g., copper, gold, silver, alloys,
combinations thereof, other electrically-conductive materials, etc.) in the form of

traces 106, 110, 114 on the substrates 105, 109, 113, respectively. The antenna
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elements 104, 108, 112 may be single or multiple layered PCB antennas.
Alternatively, the antenna elements 104, 108, 112 (whether mounted on a
substrate or not) may be constructed from sheet metal by cutting, stamping,
etching, etc. _ ' :

[0023] Each antenna element 104, 108, 112 includes a first radiating or
resonant element for a Iow'frequency band (e.g., from 2.4 gigahertZ to 2.5

gigahertz, etc.) and a second radiating or resonant element for a high frequency

“band (e.g., from 4.9 gigahertz to 5.875 gigahertz, etc.). The first and second

radiating elements of each antenna element 104, 108, 112 may be qu'arter
wavelength (1/4 A) radiating elements, such that each of the first and second
radiating elements is sized to be approximately one quarter of the wavelength of
a desired resonant frequency. In this particular example, the antenna element
104 includes a first low frequency arm 107 and a second high frequency arm
110. In this exemplary embodiment, the high frequency érms are shorter than the
low frequency arms. The arms or elements are folded (e.g., spiral shaped, etc.),
bent, and/or turned to help reduce the overall size. Antennas' according to the
present disclosure are not limited, however, to the particular shape, size,
configuration, etc. of the antenna elements shown in FIG. 1. In addition, the
frequencies set forth in this paragraph are only examples, as aspects of the
present disclosure are not limited solely to these two frequency bands. _
[0024] The antenna elements 104, 108, and 112 also include feeding
elements and ground points. As éhown in FIG. 1, the antenna element 104
includes a feeding element 123 and grounding point 111. In this example, the
bottom of the feeding element 123 may provide a feeding point, for example, for
connection to (e.g., soldering, etc.) a coaxial cable, other feed, or transmission
line. For example, FIG. 1A illustrates an exemplary embodiment in which coaxial
cables 150 are shown feeding the antenna elements 104, 108, 112 of the
antenna 100. In this example illustrated in FIG. 1A, the coaxial cable 150
includes a braid 125 that is soldered to the grounding point 111 of the antenna

element 104. The coaxial cable 150 also includes a signal center conductor 127



10

15

20

25

30

WO 2012/011796 PCT/MY2010/000125

that is soldered to the feeding point 123 of the antenna element 104. Alternative
embodiments may include other feeding arrangements besides coaxial cable.

[0025] Soldering padé 115 allow the antenna element 104 to be
soldered to the ground plane 140 (e.g., ground plane of PCB, metal sheet, etc.).
In some erﬁbodiments, the bottom of the antenna elemenfs 104, 108, 112 may
include downwardly extending tabs that are insertable or positionable within slots
or holes in the ground plane 140 for aligning and mechanically rﬁountihg the
antenna elements 104, 108, 112 to the 'grbund' plane 140. Alternative
emb_odimehts may include other means fdr aligning and/or rhechanically
mounting an antenna element to a ground plane. ‘

[0026] In this example, the antenna elements 104, 108, 112 are
mounted to the ground plane 140 equidistant from the center of a circular portion
on the ground plane 140, which circular portion may simply be an imaginary or
reference circle that is on top of the ground plane 140 for reference purposes
when mounting the antenna components. In this illustrated example, the center
of the circular portidn or imaginary circle coincides with or is the same as the
center of the ground plane 140 in FIG. 1, etc. The mounting points or location of
the antenna elements 104, 108, 112 are placed along the perivm’eter or
circumference of the imaginary circle or circular portion on the ground plane 140.
The antenna elements 104, 108, 112 are spacéd equally apart, so that a one
hundred twenty degree (120°) arc is formed or defined between the mounting
point of two adjacent antenna elements and the center of the imaginary circle or
circular portion on the ground plane 140. Alternative embodiments may include
other .mounting arrangements for the antenna elements on thé ground plane.

[0027] The dimensions, shapes, and mounting location (e.g., location
of groundi‘ng points, etc.) of the low frequency isolators/reflectors 116, 120, 124
relative to the antenna elements 104, 108, 112 may be determined (e.g.,
optimized, etc.) to improve the isolation between the antenna elements 104, 108,
112. In this particular example shown in FIG. 1, the low frequency
isolators/reflectors 116, 120, 124 are mouhted generally verticélly -or

perpendicularly relative to the ground plane 140. And, the low frequency
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isolators/reflectors 116, 120, 124 comprise inverted U-shaped metallic strips 117
on a substrate 118, which are arranged or placed in a star-shaped or spoked
conflguratlon centered at the center of the imaginary C|rcle or circular portion on
the ground plane 140. In this example, the substrates 118 are posntloned about
the center of the ground plane 140 so as to extend outwardly in a direction away
from the center of the ground plane 140. )

[0028] A wide range of materials may be used for any of the subsfrates
disclosed herein. By way of example, the low frequency isolators/reflectors 116,
120, 124 may include, and/or be supported by, substrates 118 comprising a rigid
insulator, such as a Circuit board substrate (e.g., Flame Retardant 4 or FR4, etc.),

plastic carrier, etc. Alternatively, the substrates 118 may be a flexible insulator,

* such as a flexible circuit bdard, flex-film, etc. The inverted U shaped strips 117 on

the substrates 118 may include electrically-conductive material (e.g., copper,
etc.) in the form of traces on the substrates 118. The low frequency
isolators/reflectors 116, 120, 124 (whether mounted on a substrate or not) may.'
be constructed from sheet metal by cutting, stamping, etching, etc. _

[0029] In this particular example, the low frequency isolators/reflectors
116, 120, 124 include the inverted U shaped strips 117 that are operable as both
isolators and reflectors. The frequency at which each upside down or inverted U
shaped strip 117 is effective is determined primarily by the length- of the
horizontal section 119 of the upside down or inverted U shaped element 117.
The horizontal section 119 is generally parallel to the top surface of the ground
plane 140 in this illustrated embodiment. The inverted U shaped element 117
also includes two vertical legs or grounding stubs 121 for electrically connecting
to the ground plane 140. Alternative embodiments may include one or more_
isolators/reflectors with a dlfferent conf guratlon (e.g., dlfferent shape S|ze
mounting location, etc.), such as L-shaped isolator/reflector.

[0030] In addition, the low frequency isolators/reflectors 116, 120, 124
may also include tabs along the bottom thereof. The tabs may be configured to
be inserted or positioned within slots or holes 122 in the ground plane 140 for

aligning and mechanically mounting the low frequency isolators/reflectors 116,
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120, 124. Alternative emb_odiments may include other means for aligning and/or
mechanicaI’Iy mounting an isolator/reflector to a ground plane.

[0031] The dimensions, shapes, and mounting location (e‘.g., location
of grounding points, etc.) of the high frequency isolators/reflectors 128, 1'32, 136
relative to the antenna elements 104, 108, 112 may be determined (e.g.,
optimized, etc.) to improve the isolation between the antenna elements 104, 1'0.8,
112. In this particular example, the high frequency isolators/reflectors 128, 132, |
136 are mounted generally vertically or perpendicularly relative to the ground
plane 140. Each high frequency isolators/reflectors 128, 132, 136 is between the
center of the ground plane 140 and a corresponding one of the antenna elements
104, 108 112. And, the high frequency isolators/reflectors 128, 132, 136
comprise inverted U-shaped metallic strips having end portions 130 electricélly
connected and mounted (e.g., soldered, etc.) to the ground plané 140. The
illustrated high frequency isolators/reflectors 128, 132, 136 do not include any
substrates supporting the inverted U-shaped metallic strips. Instead, the inverted
U-shaped metallic strips have end portions 130 that are mounted to the ground
plane 140 such that the horizontal and vertical portions 131, 133 are free-
standing. Alternative embodiments may include a different configuration (e.g.,
different shape, size, mounting location, etc.) for one or more of the high-
frequency isolators/reflectors. For example, another exemplary embodiment may
include one or more high frequency isolators/reflectors that include a substrate,
such as a rigid insulator (e.gA., plastic carrier, a circuit board substrate like Flame
Retardant 4 or FR4, etc.) or a flexible circuit board, flex-film, etc. A

[0032] In this particular example, the high frequency isolators/reﬂectoré
128, 132, 136 include the inverted U shaped sirips that are operable as both
isolators and reflectors. The frequencyvat which each upside down or inverted U
shaped strip is effective is determined primarily by the length of the horizontal
section 131 of the upside down or inverted U shaped element. The horizontal
section 131 is generally parallel to the top surface of the ground plane 140 in this

illustrated embodiment.
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[0033] In addition, the low frequency is_._olators/reﬂectors 116, 120, 124
may also include tabs along the boftom thereof. The tabs may be cbnﬁgured to
be inserted or positioned within slots or holes 122 in the ground plane 140 for
aligning and mechanically mounting the low frequenby isolators/reflectors 116,
120, 124, o -

[0034] The grdund plane 140 is yshown. as a circular metal plate.
Alternative embodiment may include a ground plane having a different
co'nﬁguration, such as a ground plane with a different shavpe (e.g., non-circular
etc.), different size (e.g., larger or smaller relative to the other components of the
antenna 100), different materials, etc. ,

[0035] FIGS. 2A, 2B, 3A, and 3B illustrate analysis results measured
for a prototype of the multiple-antenna system 100 shown in FIG. 1. These
analysis results shown in FIGS. 2A, 2B, 3A, and 3B are provided only for
purposes of illustration and not for purposes of limitation. More specifically, FIGS.
2A and 2B are exemplary line graphs illustrating isolation in decibels versus
frequency (in gigahertz) measured for a prototype of the multiple-antenna system
shown in FIG. 1 with isolators/reflectors (FIG. 2A) and without isolators/reflectors
(FIG. 2B), respectively. FIGS. 3A and 3B illustrate exemplary azimuth plane
radiation patterns measured for the three antenna elements of a prototype of the
multiple-antenna system shown in FIG. 1 at a frequency of 2.45 gigahertz (FIG'.
3A) and 5.47 gigahertz (FIG. 3B). Generally, these analysis results show that the
isolation between the antenna elements 104, 108, 112 was increased by about
seven percent to about ten percent, and show the increased directivity of each
antenna element in the direction of the sector that the particular antenna element
serves. o

[0036] FIG. 4 illustrate another exemplary embodiment of a multiple-
antenna system 200 embodying one or more aspects of the present disclosure.
In this particular example, the antenna 200 includes six antenna elements 204,
six low frequency isolators/reflectors 216, six high frequency isolators/reflectors
228, and a ground plane 240. The components of the antenna 200 may be

similar to the antenna 100 described above.
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[0037] FIG. 5 illustrates analysis results measured for a prototype of
the multiple-antenna system 200 shown in FIG. 4. These analysis results shbwn
in FIG. 5 are provided only for purposes of illustration and not for purposes of
limitation. More specifically, FIG. 5 illustrates exemplary azimuth plane radiation
patterns measured for the six antenna elements 204 of a,-prototype'of the
multiple-antenna system 200 shown in FIG. 4 at a frequency of 5;35 gigahertz.

[0038] Numerical- dimensions and values are provided. herein for

illustrative purposes only. The particular dimensions and values provided are not

intended to limit the scope of the present disclosure.-

outer,” "beneath",

[0039] Spatially relative terms, such as ‘;inner,
"below", "lower", "above", "upper" and the like, may be used herein for ease of
description to describe one element or feature's relationship to another
element(s) or feature(s) as illustrated in the figures. Spatially relative terms may
be intended to encompass different orientations of the device in use or operation
in addition to the orientation depicted in the figures. For example, if the device in
the figures is turned over, elements described as "below” or "beneath" other

elements or features would then .be oriented "above" the other elements or

features. Thus, the example term "below" can encompass both an orientation of -

above and below. The device may be otherwise oriented (rotated 90.degrees or
at other oriéntations) and the Spatially relative descriptors used herein interpreted
accordingly.

[0040] The terminology used herein is for the purpose of describing
particular example embodiments only and is not intended to be limiting. As used

herein, the singular forms "a", "an" and "the” may be intended to include the

plural forms as well, unless the context clearly indicates otherwise. The terms

nn L1 {44

comprising,” “including,” and “having,” are inclusive and therefore v
specify the presence of stated features, integers, steps, operations, elements,
and/or components, but do not preclude the presence or addition of one or more
other features, integers, steps, operations, elements, components, and/or groups
thereof. The method steps, processes, and operations described heréin are not

to be construed as necessarily requiring their performance in the particular order
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discussed or illustrated, unless specifically identified as an order of performance.

It is also to be understood that additional or alternative stepé may be employed.

"o«

[0041] When an element or layer is referred to as being "on", “engaged

to”, "éonnected to" or "coupled to" another element or layer, it may be directly on,

engaged, connected or coupled to the other element or Iayer, or intervening

elements or layers may be present. In contrast, when an element is referred to as

being "directly on,” “directly engaged to”, "directly connected. to" or "directly

‘coupled to" another element or layer, there may be no intervening eleme'nts or

layers present. Other words used to describe the relationship bétwee_n elements
should be interpreted in a like fashion (e.g., “between” versus “directly between,”
“adjacent” versus “directly adjacent,” etc.). As used'h_erein, the term “"and/or"
includes any and all combinations of one or more of the associated listed items.
[0042] Although the terms' first, second, third, etc. may be used herein
to describe various elements, components, regions, layers and/or sections, thesé
elements, components, regions, layers and/or sections should not be limited by
these terms. These terms may be only used to distinguish one element,
component, region, layer or section from another region, layer or section. Terms

such as “first,” “second,” and other numerical terms when used herein do not
imply a sequence or order unless clearly indicated by the context. Thus, a first
element, component, region, layer or section discussed below could be termed a
second element, component, region, layer or section without departing from the
teachings of the example'embodiments. |

_ [0043] Example embodiments are provided so that this disclosure will
be thorough, and will fully convey the scope to those who are skilled in the art.

Numerous specific details are set forth such as examples of specific

- components, devices, and methods, to provide a thorough understanding of

embodiments of the present disclosure. It will be apparent to those skilled in the
art that specific details need not be employed, that example embodiments may
be embodied in many different forms and that neither should be construed to limit

the scope of the disclosure. In some example embodiments, well-known
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processes, well-known device structures, and well-known technologies are not
described in detail. |

[0044] The disclosure herein of particular values and particular ranges
of values for given parameters are not exclusive of other v}alue,s and rangeé of
values that may be useful in one or more‘ of the examples disclosed herein.
Moreover, it is envisioned that any two particular values fof a specific parameter
stated herein may define the endpoints of a range of values that may be suitable
for the given parameter. The disclosuré of a first value and a second value for a
given parameter can be interpreted as disclosing ‘that any value between the first
and second values could also be employed for the given parameter. Similarly, it
is envisioned that disclosure of two or more ranges of values for a parabmeter
(whether such ranges are nested, overlapping. or distinct) subsume all possible
combination of ranges for the value that might be claimed using endpoints of the
disclosed ranges. ’

[0045] The foregoing déscription of the embodiments has been

~ provided for purposes of illustration and description. It is not intended to be

exhaustive or to limit the invention. Individual elements or features of a particular
embodiment are generally not limited to that particular embodiment, but, where
applicable, are interchangeable and can be used in a selected embodiment, even
if not specifically shown or described. The same may also be varied in many"
ways. Such variations are not to be regarded as a departure from the invention,
and all such modifications are intended to be included within the scope of the

invention.
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CLAIMS
WHAT IS CLAIMED IS:

1. A system comprising:

a ground plane

two or more antenna elements coupled to the ground plane;

two or more low frequency isolators/reflectors coupled to the ground
plane; and

two or more high frequency isolators/reflectors coupled to the ground

plane.

2. The system of claim 1, wherein each antenna element is configured
for multi-band operation such that each antenna element is operable within a first

frequency range and a second frequency range.

3. The system of claim 2, wherein:

the first frequency range is from about 2.4 gigahertz to about 25
gigahertz; and )

the second frequéncy range is from 4.9 gigahertz to 5.875 gigahertz.

4, The system of claim 2, wherein:
the first frequency range is the 2.45 gigahertz band; and

the second frequency range is the 5 gigahertz band.

5. The system of any one of the preceding claims, wherein:

the Iow‘ frequency isolators/reflectors have inverted U-shaped
configurations; and/or |

the high frequency isolators/reﬂectoré have inverted U-shaped

configurations.
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6. The system of any one of the preceding claims, wherein:

each of the low frequency isolators/reflectors includes two vertical sections
and a horizontal section that is generally parallel with the‘grou‘nd plané;

each of the high frequency isolators/re‘fl‘ectors includes two vertical

sections and a horizontal section that is generally_parallel with the ground' plane.

7. The system of any one of the preceding claims, wherein the low

. frequency isolatoré/reﬂecfors and high vfrequency isolatoré/reﬂectors _are

positioned relative to the antenna elements for increasing isolation between the
antenna elements and/or for increasing directivity of each said antenna element

in the direction of the sector that said antenna element serves.

8. The system of any one of the preceding claims, wherein the
antenna includes:

three antenna elements, three low frequency isolators/reflectors, and three
high frequency isolators/reﬂedtors; or o

six antenna elements, six low frequency isolators/reflectors, and six high

frequency isolators/reflectors.

9. The system of any one of the preceding claims, further comprising
two or more coaxial cables coupled to the two. or more antenna elements,

respectively, for feeding the antenna elements.

10. The system of any one of the preceding claims, wherein each
antenna element comprises first and second radiating arms and a feeding
element, the first and second radiating arms and feeding element comprising

electrically-conductive traces on the same side of a circuit board.

11, The system of any one of the. preceding claims, wherein- the
antenna elements comprise one or more of a monopole antenna, an inverted F

antenna (IFA), and/or a planar inverted F antenna (PIFA).
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12. The system of any one of the preceding claims, wherein the high
and low frequency isolators/reflectors are configured to be operable as both

isolators and reflectors.

13. The system of any one of the preceding claims, wherein the
antenna includes the same number of antenna elements, low frequency

isolators/reflectors, and high frequency isolators/reflectors.

14. . The system of any one of the.preceding claims, wherein:

the ratio of antenna elements to low frequency.'isolators/reflectors'is one-
to-one; and/or

the ratio of antenna elements to high frequency isolators/reflectors is one-
to-one; and/or

the ratio of low frequency isolators/reflectors to high frequency

isolators/reflectors is one-to-one.

15.  The system of any one of the preceding claims, wherein the system

is a multiple input multiple output (MIMO) antenna system.

16. The system of any one of the preceding claims, wherein:

the antenna elements are mounted to the ground plane along a

. circumference of a circular portion of the ground plane such that the antenna

elements are equidistant from a center of the circular portion of the ground plane
and‘ such that the antenna elements are spaced equally ‘apart from each other
and such that a one hundred twenty degree (120°) arc is defined between the
mounting points of two adjacent antenna elements and the center of the circular
portion of the ground plane; and/or

the low frequency isolators/reflectors are in a spoked configuration
centered at the center of the circular portion of the ground plane, such that the

low frequency isolators/reflectors are positioned about the center of the circular
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portion of the. ground plane and extend outwardly in a direction away from the
center of the circular portion of the groUnd plane; and/or

each of the high frequency isolators/reflectors is between a corresponding
one of the antenna elements and the center of the circular portion of the ground-

plane.

17. The system of claim 16, wherein the circular portion of the ground

plane is an imaginary or reference circle on a surface of the ground plane.

18. A system comprising:

a ground plane including a circular portion having a circumference and a
center; , ’

a plurality of antenna elements mounted to the ground plane along the
circumference of the circular portion of the ground plane, the antenna elements
equidistant from the center of the circular portion of the ground plane, the
antenna elements spaced equally apart from each other such that a one hundred
twenty degree (120°) arc is defined between mounting points of two adjacent
antenna elements and the center of the circular portion of the ground plane;

a plurality of low frequency isolators/reflectors in a spoked conﬁguration- '
centered at the center of the circular portion of the ground plane, such that the
low frequency isolators/reflectors are positioned about the center of the circular
portion of the ground plane and extend outwardly in a direction away from the
center of the circular portion of the ground plane; and/or |

a plurality of high frequency isolators/reflectors, each placed between a
corresponding one of the antenna elements and the center of the circular portion

of the ground plane.

19. The syStem of claim 18, wherein:
each of the low frequency isolators/reflectors include two vertical sections

and a horizontal section that is generally parallel with the ground plane, and
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defining an inverted U-shaped configuration for each of the low frequency
isolators/reflectors; and

each of the high frequency isolators/reflectors include two vertical sections
and a horizontal section that is generally parallel with the ground plane, and
defining an inverted U-shaped configuration for each of the high frequency

isolators/reflectors.

20. The system of claim 18 or 19, wherein the circular 'portio,n of the
ground plane is an imaginary or reference circle on a surface of the ground

plane.

21. The system of claim 18, 19, or 20, wherein the antenna includes
the same number of antenna elements, low frequency isolators/reflectors, and
high frequency isolators/reflectors, such that the ratio of antenna elements to low
frequency isolators/reflectors is one-to-one and such that the ratio of antenna

elements to high frequency isolators/reflectors is one-to-one.

22. A multiple input multiple output (MIMO) antenna system, the
antenna system comprising:
two or more antenna elements; and

two or more isolators/reflectors positioned relative to the antenna

elements for increasing isolation between the antenna elements and for

increasing directivity of each said antenna element in the direction of thev sector

that said antenna element serves.
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