wo 2010/0561277 A2 I 0K 0 RO

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Organization /g5 1IN V00T 0000000 O 1
International Bureau S,/ )
3\ i 10) International Publication Number
(43) International Publication Date \'{:/_?___/ (10)
20 May 2010 (20.05.2010) PCT WO 2010/056127 A2
(51) International Patent Classification: Not classified (81) Designated States (unless otherwise indicated, for every
(21) International Application Number: lznod oAanazlojnaligroéiznlos%a\gélaglg : BAI]{E ? g\% ABI;{’ 1?31\2[,
PCT/NZ2009/000234 CA. CHL, CL, CN, CO, CR, CU, CZ, DE, DK, DM, DO,
(22) International Filing Date: DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
3 November 2009 (03.11.2009) HN, HR, HU, ID, IL, IN, IS, JP, KE, KG, KM, KN, KP,
. . KR, KZ, LA, LC, LK, LR, LS, LT, LU, LY, MA, MD,
(25) Filing Language: English ME, MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI,
(26) Publication Language: English NO, NZ, OM, PE, PG, PH, PL, PT, RO, RS, RU, SC, SD,
SE, S@G, SK, SL, SM, ST, SV, SY, TJ, TM, TN, TR, TT,
(30) Priority Data: TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.
12/269,245 12 November 2008 (12.11.2008) Us
(84) Designated States (unless otherwise indicated, for every
(71) Applicant (for all designated States except US): NAVI- kind of regional protection available). ARIPO (BW, GH,
CO AUCKLAND LTD [NZ/NZ]; Level 18, Pricewater- GM, KE, LS, MW, MZ, NA, SD, SL, SZ, TZ, UG, ZM,
house Coopers Tower, 188 Quay Street, Auckland, 1010 ZW), Eurasian (AM, AZ, BY, KG, KZ, MD, RU, TJ,
(NZ). TM), European (AT, BE, BG, CH, CY, CZ, DE, DK, EE,

ES, FL, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV,
MC, MK, MT, NL, NO, PL, PT, RO, SE, SL SK, SM,
TR), OAPI (BF, BJ, CF, CG, CL, CM, GA, GN, GQ, GW,
ML, MR, NE, SN, TD, TG).

(72) Inventor; and
(75) Inventor/Applicant (for US only): STORZ, Gregor [DE/
NZ]; 12 Harbutt Avenue, Mt Albert, Auckland, 1025

(NZ).

(74) Agents: ADAMS, Matthew, D. et al.; A J Park, 6th Floor ¥ uPlished:
Huddart Parker Building, PO Box 949, Wellington, 6015 —  without international search report and to be republished
(NZ). upon receipt of that report (Rule 48.2(g))

(54) Title: ANTENNA ASSEMBLY

(57) Abstract: An antenna assembly is provided that may include an antenna element having first and second opposed sides. The
antenna element may be configured to transmit or receive signals of a desired wavelength. The antenna assembly may also include
a first conductive surface disposed proximate the first side of the antenna element and lying in a plane substantially perpendicular
to the antenna element, and a second conductive surface disposed proximate the second side of the antenna element and lying in a
plane substantially perpendicular to the first antenna element. The second conductive surface may be substantially parallel to, and
spaced apart from, the plane in which the first conductive surface lies. Collectively the first and second conductive surfaces may
be configured to excite wave propagation modes of a higher order than a fundamental propagation mode for reception or transmis-
sion of signals of the desired wavelength by the antenna element.



10

15

20

25

30

WO 2010/056127 PCT/NZ2009/000234
-1-

ANTENNA ASSEMBLY

FIELD OF THE INVENTION
Exemplary embodiments of the present invention relate generally to antenna
construction and, mote patticulatly, relate to an antenna assembly for operating in highet-

otder wave propagation modes.

BACKGROUND OF THE INVENTION

Radar systems are used in a wide vatiety of applications. For example, some radar
systems ate used in aircraft and waterctaft applications for tracking and/or measuring
distances to objects. In mobile applications, such as, implementations of radar systems on
aircraft and watercraft, limiting the size and weight of a radar system can be desitable. In
somne instances, the weight and size of the antenna assemblies used by a radat system may be
limited by the application. As such, in many settings, it is often desirable to minimize the size
and weight of the radat systens, and particularly the size and weight of the antenna

assetnblies of the radar system.

BRIEF SUMMARY OF THE INVENTION

Exemplary embodiments of the present invention provide a reduced profile antenna
assembly as compated to conventional solutions. Exemplary embodiments include an
antenna element, such as a microsttip antenna atray. The antenna element may be configured
ot optimized to transmit and /ot receive a signal of a desired frequency. The desired
frequency may define a desited wavelength, which may be used as 2 design parameter for an
exemplaty antenna assembly.

According to some exemplary embodiments, the antenna element may be disposed in -
a U-shaped channel created by a two parallel sutfaces that extend from the antenna element,
and are petpendicular to the antenna element. According to various embodiments, the two
parallel surfaces may be comprised of a conductive substance. The orientation of the two
parallel surfaces may be configured to excite wave propagation modes of a higher order than
a fundamental propagation mode for transmission ot reception by the antenna element. In
this regard, spacing between the two patallel surfaces may be configured to provide for higher
otdet wave propagation modes.

One exemplary embodiment of the present invention may be an antenna assembly.

The antenna assembly includes an antenna element having first and second opposed sides.
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The antenna element is configured to transmit or receive signals of a desited wavelength. The
antenna assembly also includes a first conductive sutface disposed proximate the first side of
the antenna element and lying in a plane substantially petpendicular to the antenna element,
and a second conductive sutface disposed proximate the second side of the antenna element
and lying in a plane substantially perpendicular to the first antenna element. The second
conductive sutface is substantially parallel to, and spaced apatt from, the plane in which the
first conductive surface lies. Collectively the first and second conductive sutfaces are
configured to excite wave propagation modes of a higher order than a fundamental
propagation mode for reception or transmission of signals of the desired wavelength by the

antenna element.

BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWING(S)

Having thus desctibed exemplary embodiments of the present invention in general
terms, reference will now be made to the accompanying drawings, which are not necessatily
drawn to scale, and wherein:

FIG. 1 is a perspective view of an antenna assembly according to vatious exemplary
embodiments of the present invention;

FIG. 2 is a side view of an antenna assembly accotding to various exemplary
embodiments of the present invention;

FIG. 3 is a front view of an antenna assembly according to vatious exemplary
embodiments of the present invention;

FIG. 4 is a perspective view of an antenna assembly including a receive module and a
transmit module according to vatious exemplary embodiments of the present invention;

FIG. 5 is a side view of an antenna assembly including a receive module and a
transmit module according to various exemplary embodiments of the present invention;

FIG. 6 is a front view of an antenna assembly including a receive module and a
transmit module according to various exemplary embodiments of the present invention; and

FIG. 7 is a flowchart of a method according to various exemplary embodiments of

the present invention.

DETAILED DESCRIPTION OF THE INVENTION
Exemplaty embodiments of the present invention will now be desctibed mote fully
hereinafter with reference to the accompanying drawings, in which some, but not all 4

embodiments of the present invention are shown. Indeed, the present invention may be
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embodied in many different forms and should not be construed as limited to the exemplary
embodiments set forth herein; rather, these exemplary embodiments ate provided so that this
disclosure will satisfy applicable legal requitements. Like reference numerals refet to like
elements throughout. As used herein, the terms “major” may refer to a longer edge of a
structure, while the term “minot” may refer to a shotter edge of a structute. Terms such as
“substantially,” “about,” “approximately” or the like as used in referring to a relationship
between two objects is intended to reflect not only an exact relationship but also variances in
that relationship that may be due to vatious factors such as the effects of environmental
conditions, common etror tolerances or the like. It should further be understood that
although some values ot othet relationships may be expressed herein without a modifier,
these values or other relationships may also be exact or may include a degree of variation due
to various factors such as the effects of environmental conditions, common etrot tolerances
ot the like.

FIG. 1 depicts a petspective view of an antenna assembly 100 according to an
exemplary embodiment of the present invention. The antenna assembly 100 may include an
antenna element 105, a first conductive surface 110, a second conductive surface 115, and a
support structure 116.

The antenna element 105 may any type of antenna for teceiving and/or transmitting
electromagnetic signals, such as a microstrip antenna, a slotted waveguide antenna, ot the like.
In some exemplary embodiments, the antenna element 105 may be configured or optimized
for transmitting and/or receiving signals of a desired frequency, which may be defined based
on the application of the antenna assembly 100. For example, in a marine radar application,
the antenna element may be configured ot optimized for transmitting ot receiving a signal ata
frequency of 9.4 gigahertz. The desired frequency may have a corresponding desited
wavelength of a signal to be received or transmitted by the antenna element 105. For
example, if the desired frequency of a signal propagating in free space is 9.4 gigahertz, the
desired wavelength may be approximately 32 millimeters. In some embodiments, the antenna
element 105 may be configuted based upon the desited wavelength, such as in a full-
wavelength, half-wavelength, or quarter-wavelength configuration.

The antenna element 105 may be an antenna atray including a plurality of antenna
nodes configured or optimized for a degired radiation pattern. In some exemplary
embodiments, the antenna element may be a microsttip array including a plurality of

microsttip antenna nodes.
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In some exemplary embodiments, the antenna assembly 100 may include a waveguide
(not depicted). The waveguide may be disposed along the axis 101. Further, the waveguide
may be disposed in front of the antenna element 105 such that signals may be received
through the waveguide. In some exemplary embodiments, the waveguide may be a slotted
waveguide.

The antenna element 105 may be electrically connected to a processor (not depicted).
The processor may be configuted to generate a signal to be provided to the antenna element
105 for transmission, and/ot receive a signal from the antenna element 105 and process the
signal fot use in vatious applications. In some exemplary embodiments, the processor may
drive a radar system configured to track or locate objects. The processot may be a
microprocessor, a coprocessot, a controller, an ASIC (application specific integrated circuit),
an FPGA (field programmable gate atray), a hardware accelerator, ot the like.

The first and second conductive sutfaces 110, 115 may be plate or fin-type structures.
In this regard, the conductive surfaces 110, 115 may be planar. The conductive sutfaces 110,
115 may also be rectangular in shape, and may have substantially-identical dimensions. In
some exemplary embodiments, the conductive surfaces 110, 115 may include a bracket,
angled portion, or other means for affixing the conductive sutfaces 110, 115 to the support
structute 116 of the antenna assembly 100. The first and second conductive surfaces 110, 115
may be disposed on either side of the antenna element 105. In some exemplary
embodiments, the conductive surfaces 110, 115 may be disposed on either side of the antenna
element 105 such that the antenna element is centrally located between the conductive
surfaces 110, 115. Moteover, the conductive sutfaces 110, 115 may be disposed on opposing
sides of the antenna element. The conductive sutfaces 110, 115 may lay in a plane
substantially perpendicular to the antenna element 105 and the conductive surfaces 110, 115
may be substantially parallel to each other. The conductive surfaces 110, 115 may extend
along an axis 101 and the conductive sutfaces 110, 115 may be oriented parallel to the axis
101. The conductive surfaces may extend for the length of the antenna element 105.
Futther, the conductive surfaces 110, 115 may extend outwards from the antenna element
105. In this regard, the conductive sutfaces may be substantially perpendicular to the antenna
element 105.

The conductive surfaces 110, 115 may be formed of any type of conductive material
including, for example, metals such as aluminum or an aluminum alloy. Alternatively, for
example, the conductive surfaces 110, 115 may be formed of non-conductive materials having

an applied conductive material (e.g., conductive paint or conductive paste).
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- The-suppott structure 116 may provide support to the antenna element 105 and-the
conductive surfaces 110, 115. In some exemplaty embodiments, the suppozt structure may
be conductive or comptised of a conductive material. The antenna element 105 and the
conductive sutfaces 110, 115 may be affixed to the suppott structure 116 to maintain the
relative configuration of the antenna element 105 and the conductive surfaces 110, 115.
According to vatious exemplary embodiments, the support structute 116 may be devoid of
any surfaces that extend outward from the antenna element 105 along the ends 117, 118 of
the antenna element 105 (i.e., surfaces in planes petpendiculat to both the antenna element
105 and conductive surfaces 110, 115). Further, in some exemplary embodiments, the
composition and/ot configuration of the suppott structure 116 may prevent signals from
being received ot transmitted by the antenna element 105 in the direction opposite the side
that the antenna element 105 is affixed to the suppott structure 116 (i.e., the back side of the
suppott structure 116).

Referring now to FIGS. 2 and 3, side and front views of the antenna assembly 100 are
depicted. As describe above and depicted more cleatly in FIGS. 2 and 3, the conductive
sutfaces 110, 115 extend outwards from the antenna element 105, and are substantially
perpendicular to the antenna element 105. Further, FIGS. 2 and 3 depict more cleatly that
the conductive surfaces 110, 115 may be parallel to each other. Also, as a result of the
conductive surfaces 110, 115 being spaced apatt and disposed on either side of the antenna
element 205, the conductive surfaces 110, 115 may define a separation distance 120 between
the conductive sutfaces 110, 115.

The separation distance 120 may be configured based on the wavelength of a signal
having the desired frequency and cotresponding desired wavelength for the antenna element
105. In some exemplary embodiments, the separation distance 120 may be less than three
times the desired wavelength for the antenna element 105. Mote particulatly, for example,
the separation distance 120 may be at least about 1.85 times the desited wavelength, and/or
may be no more than about 2.1 times the desired wavelength. For example, if the desired
wavelength is 32 millimeters (corresponding to a frequency of 9.4 gigahertz), the separation
distance 120 may be less than 96 millimeters, and may be more particularly about 62
millimeters.

The side view of FIG. 2 also more cleatly depicts a width 125 of the conductive
surfaces 110, 115. In some exemplary embodiments, the width 125 of the conductive
sutfaces 110, 115 may be from about 0.7 times the desired wavelength to about two times the

desited wavelength. For example, if the desired wavelength is 32 millimeters (corresponding
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to a frequency of 9.4 gigahertz), the width 125-may be about 50 millimeters. In some
instances, the width 125 may be detetmined based on manufacturing limitations or size
limitations for a particular application of the antenna assembly 100. Further, in some
exemplary embodiments, the width 125 may be greater than two times the desired
wavelength.

As described above, patameters of the conductive sutfaces 110, 115 (e.g., separation
distance 120 and the width 125) may be selected to configure the operation of the antenna
assembly 100. In this regard, the parameters of the may be selected to enable excitation of
wave propagation modes of a higher order than a fundamental propagation mode for a wave.
By selecting the parameters to generate an antenna assembly for exciting higher-order modes
of a signal, a lowet-profile antenna assembly may be constructed over conventional solutions.

FIG. 4 depicts an antenna arrangement 200 according to another exemplary
embodiment of the present invention. The antenna arrangement 200 includes two antenna
assemblies 100a, 100b, each of which may be configured in the same manner described with
respect to the antenna assembly 100 shown in FIGS. 1-3. According to vatious exemplary
embodiments, one of the antenna assemblies 1002, 100b may be a receiver antenna assembly
and the other may be a transmitter antenna assembly. In some exemplary embodiments, the
antenna assembly 1002 may be disposed above the antenna assembly 100b. As a result of this
configuration, one of the antenna assemblies 100a, 100b may transmit a signal that is reflected

by an object and received by the other antenna assembly. FIG. 5 depicts a side view of the

_ antenna arrangement 200 and FIG. 6 depicts a front view of the antenna arrangement 200.

FIG. 7 is a flowchart of a method according to vatious embodiments of the present
invention. The exemplary method may include providing an antenna assembly at 700. The
provided antenna assembly may be comptised as described above. The exemplary method of
FIG. 7 may also include transmitting a signal via the antenna arrangement at 710. The
exemplary method may also include receiving a signal via the antenna arrangement at 720.

Many modifications and othet embodiments of the inventions set forth herein will
come to mind to one skilled in the art to which these inventions pertain having the benefit of
the teachings presented in the foregoing desctiptions and the associated drawings. Therefore,
it is to be understood that the inventions are not to be limited to the specific embodiments
disclosed and that modifications and other embodiments atre intended to be included within
the scope of the appended claims. Moreover, although the foregoing descriptions and the
associated drawings describe exemplary embodiments in the context of certain exemplary

combinations of elements and/or functions, it should be appreciated that different
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combinations-of-elements and/ ot functions may be provided by alternative embodiments-e =~
without departing from the scope of the appended claims. In this regatd, for example,
different combinations of elements and/ot functions other than those explicitly described
above are also contemplated as may be set forth in some of the appended claims. Although
specific terms are employed herein, they ate used in a generic and desctiptive sense only and

not for purposes of limitation.
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CLAIMS:
1. An appatatus compzising:

an antenna element having first and second opposed sides, the antenna element being
configured to transmit or receive signals of a desired wavelength;

a first conductive sutface disposed proximate the first side of the antenna element and
lying in a plane substantially perpendicular to the antenna element;

a second conductive sutface disposed proximate the second side of the antenna
element and lying in a plane substantially perpendicular to the first antenna element and
substantially parallel to, and spaced apart from, the plane in which the first conductive surface
les;

whetein collectively the first and second conductive surfaces are configured to excite
wave propagation modes of a higher order than a fundamental propagation mode for

reception or transmission of signals of the desired wavelength by the antenna element.
2. The apparatus of claim 1, wherein the antenna element comprises a microstrip array.

3. The appartatus of claim 1 or claim 2, wherein the first conductive surface and the

second conductive sutface are rectangular—shaped.

4, The apparatus of any one of claims 1 to 3, wherein the first conductive surface and

the second conductive surface have substantially the same dimensions.

5. The apparatus of any one of claims 1 to 4, wherein the first and second conductive

sutfaces are spaced apart by less than three times the desired wavelength.

0. The apparatus of any one of claims 1 to 5, whetein the first and second conductive
surfaces are spaced apart by at least about 1.85 times the desired wavelength, and by no more

than about 2.1 times the desired wavelength.

7. The appatatus of any one of claims 1 to 6, wherein the desired wavelength is about 32
millimeters, and wherein the first and second conductive sutfaces are spaced apart by about

62 millimeters.

8. The apparatus of any one of claims 1 to 7, wherein the antenna element and first and
second conductive sutfaces form a first antenna assembly, and wherein the apparatus further

comprises:
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a second antenna assembly comprising an antenna element and first and second
conductive surfaces separate from the antenna element and first and second conductive
surfaces of the first antenna assembly,

whetein the first antenna assembly is configuted to transmit signals of the desired
wavelength, and the second antenna assembly is configured to receive signals of the desired

wavelength.

9. The apparatus of any one of claims 1 to 8 further comprising a suppott structure to
which the antenna element and first and second conductive sutfaces ate affixed, the antenna
assembly being devoid of any conductive surface disposed proximate the antenna element
and lying in a plane petpendicular to the antenna element and the planes of the fitst and

second conductive sutfaces.

10. A method comprising:
providing an antenna assembly comprising:

an antenna element having first and second opposed sides, the antenna
element being configured to transmit or receive signals of a desited wavelength;

a first conductive surface disposed proximate the first side of the antenna

element and lying in a plane substantially perpendicular to the first antenna element;

a second conductive surface disposed proximate the second side of the
antenna element and lying in a plane substantially perpendicular to the fitst antenna
element and substantially parallel to, and spaced apart from, the plane in which the
first conductive surface lies;

wherein collectively the first and second conductive sutfaces are configured to
excite wave propagation modes of a highér ordet than a fundamental propagation
mode for reception ot transmission of signals of the desired wavelength by the
antenna element; and

transmitting a signal via the antenna arrangement.

11. The method of claim 10, wherein providing the antenna assembly includes the

antenna element comprising a microstrip array.

12. The method of claim 10 or claim 11, wherein providing the antenna assembly includes

the first conductive sutface and the second conductive susface being rectangular-shaped.
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13. The method of any one of claims 10 to 12, whetein providing the antenna assembly
includes the first conductive surface and the second conductive sutface having substantially

the same dimensions.

14.  The method of any one of claims 10 to 13, wherein providing the antenna assembly
includes the first and second conductive sutfaces being spaced apart by less than three times

the desited wavelength.

15. The method of any one of claims 10 to 14, whetein providing the antenna assembly
includes the first and second conductive surfaces being spaced apart by at least about 1.85

times the desired wavelength, and by no mote than about 2.1 times the desired wavelength.

16. The method of any one of claims 10 to 15, wherein providing the antenna assembly
includes the desited wavelength being about 32 millimeters, and the first and second

conductive surfaces being spaced apart by about 62 millimetets.

17. The method of any one of claims 10 to 16, wherein providing the antenna assembly
includes the antenna element and fitst and second conductive sutfaces forming a first antenna
module, and the antenna assembly further comprising a second antenna module comprising
an antenna element and fitst and second conductive surfaces separate from the antenna
element and first and second conductive surfaces of the first antenna module, the first
antenna module being configured to transmit signals of the desited wavelength, and the

second antenna module being configured to receive signals of the desired wavelength.

18. The method of any one of claims 10 to 17, whetein providing the antenna assembly
includes the antenna assembly further comptising a suppott structure to which the antenna
element and first and second conductive surfaces are affixed, the antenna assembly being
devoid of any conductive surface disposed proximate the antenna element and lying in a plane
perpendicular to the antenna element and the planes of the first and second conductive

sutfaces.
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