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ANTENNA HORN AND ASSOCIATED METHODS

The presentinvention relates to the field of Radio Frequency (RF) communications, and,
more particularly, to microwave antennas.

The ridge horn antenna is a type of broadband antenna that is often used in
communications systems. A ridge horn antenna generally includes ridges which carry
electromagnetic energy from the signal source to the illumination area of the ridge horn
antenna. An impedance transformer may be inserted between the ridges to match the input
impedance of the antenna to the source. The antenna gain of the ridge horn antenna is typically
higher than that of spiral and sinuous types of planar antennas, but generally'less than most
directional narrow beam antennas.

A reflector is often used to achieve a required level of gain for a highly directional
antenna. A reflector antenna generally includes a reflector dish and a feed horn in one of many
configurations. Two well known configurations of a feed horn antenna are the rectangular horn
and cylindrical horn. In such configurations, the feed horn is a radiator mounted at the focal
point of a reflector. Electromagnetic energy radiates from the feed horn to the metallic surface
of the reflector dish from which it is reflected in a desired direction.

More specifically, a quad-ridge horn is an example of a ridge horn antenna and has a
hollow conductive conduit usually having a circular cross section for propagation of
microwaves between two points. The horn conduit may be formed of an electrically conductive
material or of a non-conductive material that is plated or coated with an electrically conductive
material. Moreover, to receive signals, horn antennas are dimensioned and flared to receive a
concentration of low energy but discernable fields at one or more specific frequencies in the
throat area of the horn.

A quad-ridge horn is dual-polarized and includes four ridges or tapered blades which
aid in the propagation of the microwaves. Detectors are inserted or placed. at the throat of the
horn to receive the energy from the fields at the frequency or frequencies for which the horn has
been designed. The hornis typically coupled to circuitry through orthogonal coaxial probes for
input/output of Radio Frequency (RF). signals. Thus, external cables and ‘connectors are
necessary for transition to a planar distribution network.

Making an array of horns can be difficult because of the size requirements due to the RF
input/outputcabling, e.g. in higher frequency applications. Furthermore, soldering and micro-
assembly during manufacture of the horn is difficult to automate resulting in higher costs and

variable RF characteristics.
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Additionally, some conventional dual-ridge horns with single polarization use
microstrip feed lines or launches for transitions to circuitry. For example, U.S. Patent No.
4,973,925 to Nusair et al., entitled “Double-Ridge Waveguide to Microstrip Coupling” discloses
the use of modified ridges of a section of a double-ridge waveguide to match a microstrip
circuit. Also, U.S. Patent No. 4,157,550 to Reid et al., entitled “Microwave Detecting Device
With Microstrip Feed Line” discloses the use of a slot in a waveguide to accommodate a
microstrip feed line. However, in both patents, the microstrip circuit is positioned in the plane
of the waveguide axis and the approaches are limited to single polarized dual-ridge
waveguides/horns.

Additionally, U.S. Patent No. 5,359,339 to Agrawal et al., entitled “Broadband Short-horn
Antenna” discloses a horn array having a short-circuiting wall carrying a plurality of feed
probes for the horns. Although the short-circuiting wall is mounted at the rear of the horn
array, feed probes are used which may make it difficult to automate soldering and micro-
assembly during manufacture of the horn array, resulting in higher costs and variable RF
characteristics.

In view of the foregoing background, it is therefore an object of the invention to ease the
manufacture and decrease the size requirements for a quad-ridge horn with dual polarization
and/or for an array of quad-ridge horns.

This and other objects, features and advantages in accordance with the presentinvention
are provided by an antenna device which includes a dual polarized quad-ridge antenna horn
having an electrically conductive conduit with first and second opposite ends along a horn axis.
Four electrically conductive ridges extend longitudinally on an inner side of the conductive
conduit. A dielectric substrate is connected across the first end of the dual polarized quad-ridge
antenna horn and transversely to the horn axis. Furthermore, an electrically conductive pattern
is formed on the dielectric substrate and defines feed elements for the dual polarized quad-ridge
antenna horn.

The feed elements for each antenna horn are preferably positioned orthogonal to each
other on the dielectric substrate, and the electrically conductive pattern may further comprises
portions corresponding to the electrically conductive conduit and the four electrically
conductiveridges. Thus, the electrically conductive conduit and the four electrically conductive
ridges are preferably connected to the corresponding portions of the electrically conductive
pattern with an electrically conductive adhesive. Also, the dielectric substrate includes first and
second opposite sides, and the electrically conductive pattern includes a first side conductive

pattern on the first side of the dielectric substrate, and a second side conductive pattern on the
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second side of the dielectric substrate. The dual polarized quad-ridge antenna horn is secured
to the first side of the dielectric substrate and electrically connected to the first side conductive
pattern. Here, the electrically conductive pattern on the first and second sides may be
connected together via conductors through in the dielectric substrate. Additionally, active
circuits for the antenna device may be provided on the dielectric substrate and connected to the .
electrically conductive pattern.

Moreover, a phased array antenna may be formed from éﬁplurality of antenna horns with
the dielectric substrate connected across the first ends of the plurality of antenna horns and
transversely to the horn axes. Here, the electrically conductive pattern on the dielectric
substrate defines feed elements for each of the plurality of antenna horns. Because of the
elimination of RF input/ output cabling and the corresponding reduction in size, such a phased
array antenna may be used in higher frequency applications. Furthermore, manufacture of the
horn can be eased through automation resulting in lower costs and less variable RF
characteristics.

Objects, features and advantages in accordance with the present invention are also
provided by a method of making an antenna device including providing an antenna horn
having first and second opposite ends along a horn axis; forming an electrically conductive
pattern, defining at least one feed element for the antenna horn, on a dielectric substrate; and
connecting the dielectric substrate across the first end of the antenna horn and transversely to
the horn axis.

Also, a phased array antenna may be formed by providing a plurality of antenna horns,
and forming the electrically conductive pattern to define feed elements for each of the plurality
of antenna horns. The dielectric substrate is connected across the first ends of the plurality of
antenna horns and transversely to the horn axes. Furthermore, each of the plurality of antenna
horns may be a dual polarized quad-ridge horn each having an electrically conductive conduit
and four electrically conductive ridges extending longitudinally on an inner side of the
electrically conductive conduit. Here, the electrically conductive pattern preferably defines feed
elements for each dual polarized quad-ridge horn, the feed elements being preferably
positioned orthogonal to each other on the dielectric substrate.

The present invention will now be described, by way f example, with reference to the
accompanying drawings, in which:

FIG.1isa perspective view of wideband phased array quad-ridge horn antenna

in accordance with the present invention.

FIG. 2isan exploded perspective view from the back of the phased array antenna



10

15

20

30

CA 02397748 2002-07-15
WO 01/61785 PCT/US01/04401

of FIG. 1.

FIG. 3 is an exploded perspective view from the front of the phased array
antenna of FIG. 1.

FIG. 4 is a longitudinal cross-sectional view of a quéd-ridge horn in accordance
with the present invention.

FIG. 5 is a perspective view of the quad-ridge horn of FIG. 4.

FIG. 6 is a bottom plan view of the substrate and conductive pattern for a phased
array antenna as shown in FIG. 1.

FIG. 7 is a bottom plan view of the substrate and conductive pattern for a single
quad-ridge horn in accordance with the present invention.

FIG. 8 is a top plan view of the substrate and conductive pattern the single quad-
ridge horn in accordance with the present invention.

| FIG. 9 is a cross-sectional view of the dielectric substrate taken along line 9-9 of

FIG. 7.

The present invention will now be described more fully hereinafter with reference to the
accompanying drawings, in which preferred embodiments of the invention are shown. This
invention may, however, be embodied in many different forms and should not be construed as
limited to the embodiments set forth herein. Rather, these embodiments are provided so that
this disclosure will be thorough and complete, and will fully convey the scope of the invention

to those skilled in the art. Like numbers refer to like elements throughout. The dimensions

cof layers and regions may be exaggerated in the figures for clarity.

Referring to FIGs. 1-3, a wideband phased array quad-ridge horn antenna 20 in
accordance with the present invention will now be described. A typical phased array antenna
includes multiple stationary antenna elements in which the relative phases of the respective
signals feeding the antenna elements are varied to scan an effective radiation pattern or beam
in a desired direction. The phased array antenna 20 includes a control unit 22, launch assembly
24 and a plurality of quad-ridge horns 26. The launch assembly 24 includes a printed wiring
board (PWB) 28 and a protector plate or PWB housing 30.

Referring now to FIGs. 4 and 5, a quad-ridge horn 26 in accordance with the present
invention will be described in further detail. The horn 26 includes a hollow electrically
conductive conduit 40 having, for example, a circular cross section for propagation of
microwaves between two points. The cross section increases in diameter from the first end to
the second end. The horn conduit 40 may be formed of an electrically conductive material or

of a non-conductive material that is plated or coated with an electrically conductive material as
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would be appreciated by the skilled artisan.

The conduit 40 is dimensioned and flared to receive and transmit a concentration of low
energy but discernable fields at one or more specific frequencies in the throat area 44 of the horn
26 as would also be readily appreciated by those skilled in the art. This quad-ridge horn is dual-
polarized and includes four electrically conductive tapered blades or ridges 42 which aid in the
propagation of the microwaves. Here, these ridges 42 are equally spaced 90° apart and extend
longitudinally to the opposite ends of the conduit 40 along the axis of the horn 26. As can be
seen in FIG. 5, the ends of the ridges 42 in the throat are 44 are flush with the end of the conduit
40. Also, the throat area 44 of the conduit 40 includes mounting ears 46, e.g. for securing the
horn 26 to the launch assembly 24.

Referring now to FIGs. 6-9, the PWB 28 will now be described in further detail. The PWB
28 includes a dielectric substrate 32 which is connected across first ends of the dual polarized
quad-ridge antenna horn 26 and transversely to the horn axis. Furthermore, an electrically
conductive pattern 50 is formed on the dielectric substrate 32 and defines feed elements 52, 53
for the dual polarized quad-ridge antenna horn 26. The conductive pattern 50 may be formed
with any conductive material, for example copper, by any deposition technique including, for
example electro-deposition as would be understood by those skilled in the art.

The two feed elements 52, 53 for each antenna horn 26 are preferably positioned
orthogonal to each other on the dielectric substrate 28, and the conductive pattern 50 may
further define portions 54 corresponding to the conductive conduit 40 and the four ridges 42.
The length of the feed elements 52, 53 correspond to fractions of a wavelength as would be
readily appreciated by the skilled artisan. The feed elements 52, 53 extend through portions of
the conductive pattern 50 corresponding to two of the ridges 42 which are orthogonal to each
other. The feed elements 52, 53 connect to portions of the conductive pattern 50 which
correspond to ridges 42 which are respectively opposite to each of the other two ridges 42.

The PWB 28 may also include other active circuits or antenna electronics 56 such as, e.g.,
amplifiers or phase shifters, mounted on the dielectric substrate 32. The conductive pattern50
may also include input/output tabs 58 for interfacing with connectors and/or the antenna
control unit 22. The conductive conduit 40 and the four ridges 42 are preferably connected to
corresponding portions of the conductive pattern 50 with an electrically conductive adhesive
64 on a side of the dielectric substrate 32 opposite to the side where the feed elements 52, 53 are
disposed.

A dielectric substrate 32 for a single horn 26 will be described in reference to FIGs. 7 and
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8. Again, the conductive pattern 50 includes portions 54 and feed elements 52, 53 which are
connected to antenna electronics 56. The portions 54 include plated through holes 60 or
conductors for connecting the conductive pattern 50 to the conductive pattern on the opposite
side of the dielectric PWB 28. FIG. 7 illustrates the back side of the dielectric substrate 32 which
is opposite to the side connected to the horn or horns 26 as can also be seen in FIGs. 2 and 6.
FIG. 8 illustrates the front side of the dielectric substrate 32 which includes the conductive
portion 54 substantially covering the surface thereof. The front side of the dielectric substrate
32 is connected to the horn or horns 26 as can also be seen in FIG. 3.

Referring now to FIG. 9, a cross section of the dielectric substrate 32 and conductive
pattern 50 taken along the line 9-9 in FIG. 7 will be described. Feed element 52 is connected to
the portion 54 of the conductive pattern 50 in the same plane as the conductive pattern. Feed
element 53 is orthogonal to feed element 52 and is connected to the portioﬁ 54 which
corresponds to the ridge 42 which is opposite to the portion of the conductive pattern 50
corresponding to the ridge which the feed element 53 extends through.

Here, for example, the feed element 53 may be connected to the portion 54 through a
jumper 62 soldered at both ends to the conductive pattern 50. Alternatively, this connection
may be made with a conductive trace in another layer of the PWB 28. Plated through hole 60
is shown as connecting the conductive portion 54 on opposite sides of the dielectric substrate
32. Alternatively, these through holes 60 may be filled with a conductive material instead of just
plated. The conductive conduit 40 and the four ridges 42 are connected to the conductive
portions 54 with the conductive adhesive 64.

Thus, a phased array antenna 20 may be formed from a plurality of antenna horns 26
with the substantially planar dielectric substrate 28 connected across first ends of the plurality
of antenna horns and transversely to the horn axes. Because of the elimination of RF
input/output cabling and the corresponding reduction in size, such a phased array antenna 20
may be used in higher frequency applications. Furthermore, manufacture of the antenna 20
and/or herns 26 can be eased through automation resulting in lower costs and less variable RF
characteristics.

Another aspect of the invention includes a method of making an antenna device. The
method includes providing an antenna horn 26 having first and second opposite ends along a
horn axis, and forming the electrically conductive pattern 50, defining at least one feed element
52, 53 for the antenna horn, on a dielectric substrate 32. The method also includes connecting

the dielectric substrate 32 across the first end of the antenna horn 26 and transversely to the
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horn axis.

Also, a method of making a phased array antenna 20 may include providing a plurality
of antenna horns 26, and forming the electrically conductive pattern 50 to define feed elements
52, 53 for each of the plurality of antenna horns. The dielectric substrate 32 is connected across
the first ends of the plurality of antenna horns 26 and transversely to the horn axes.
Furthermore, each of the plurality of antenna horns 26 may be a dual polarized quad-ridge horn
each having an electrically conductive conduit 40 and four electrically conductive ridges 42
extending longitudinally on an inner side of the conductive conduit. Here, the conductive
pattern 50 preferably defines at least two feed elements 52, 53 for each dual polarized quad-
ridge horn 26. The atleast two feed elements 52, 53 are preferably positioned orthogonal to each
other on the dielectric substrate 32.

Many modifications and other embodiments of the invention will come to the mind of
one skilled in the art having the benefit of the teachings presented in the foregoing descriptions
and the associated drawings. Therefore, it is understood that the invention is not to be limited
to the specific embodiments disclosed, and that modifications and embodiments are intended
to be included within the scope of the appended claims.

An antenna device includes a dual polarized quad-ridge antenna horn having an
electrically conductive conduit with first and second opposite ends along a horn axis. Four
electrically conductive ridges are carried on an inner side of the electrically conductive conduit.
A printed wiring board including a dielectric substrate is connected across the first end of the
dual polarized quad-ridge antenna horn and transversely to the horn axis. Furthermore, an
electrically conductive pattern is formed on the dielectric substrate and defines feed elements

for the dual polarized quad-ridge antenna horn.
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CLAIMS:

1. An antenna device comprising:
a dual polarized quad-ridge antenna horn comprising
an electrically conductive conduit having first and second opposite ends
along a horn axis, and
four spaced apart electrically ridges extending longitudinally on an inner
side of the electrically conductive conduit;
a dielectric substrate connected across the first end of the dual polarized quad-
ridge antenna horn and transversely to the horn axis; and
an electrically conductive pattern on the dielectric substrate and defining feed
elements for the dual polarized quad-ridge antenna horn.

2. An antenna device as ﬁlaimed in claim 1 wherein the feed elements are positioned
orthogonal to each other on-the dielectric substrate.

3. An antenna device as claimed in claim 1 wherein the electrically conductive pattern
further comprises portions corresponding to the electrically conductive conduit and the four
ridges.

4. An antenna device as claimed in claim 3 further comprising a conductive adhesive

securing the electri;cally conductive conduit and the four ridges to the corresponding portions

of the electrically conductive pattern.

5. An antenna device as claimed in claim 3 wherein the dielectric substrate includes first
and second opposite sides; wherein the electrically conductive pattern includes a first side
conductive pattern on the first side of the dielectric substrate, and a second side conductive
pattern on the second side of the dielectric substrate; and wherein the dual polarized quad-ridge
antenna horn is secured to the first side of the dielectric substrate and electrically connected to
the first side conductive pattern.

6. An antenna device as claimed in claim 5 further comprising conductors through the
dielectric substrate electrically connecting the first side conductive pattern on the first side of

the dielectric substrate with the second side conductive pattern on the second side of the

dielectric substrate.

7. An antenna device as claimed in claim 1 further comprising active circuits on the
dielectric substrate and connected to the electrically conductive pattern.
8. An antenna device comprising:

an antenna horn having first and second opposite ends along a horn axis;
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a dielectric substrate connected across the first end of the antenna horn and
transversely to the horn axis; and

an electrically conductive pattern on the dielectric substrate and defining at least
one feed element for the antenna horn.

9. An antenna device as claimed in claim 8 wherein the electrically conductive pattern
further comprises a portion corresponding to the antenna horn.

10. An antenna device as claimed in claim 9 further comprising an electrically conductive
adhesive securing the antenna horn to the corresponding portion of the electrically conductive
pattern.

"~ 11. Anantenna device as claimed in claim 9 wherein the dielectric substrate includes first
and second opposite sides; wherein the electrically conductive pattern includes a first side
conductive pattern on the first side of the dielectric substrate, and a second side conductive
pattern on the second side of the dielectric substrate; and wherein the antenna horn is secured
to the first side of the dielectric substrate and electrically connected to the first side conductive
pattern.

12. An antenna device as claimed in claim 11 further comprising conductors through the
dielectric substrate electrically connecting the first side conductive pattern oh the first side of
the dielectric substrate with the second side conductive pattern on the second side of the
dielectric substrate.

13. An antenna device as claimed in claim 8 further comprising active circuits on the
dielectric substrate and connected to the electrically conductive pattern.

14. A phased array antenna comprising: l

a plurality of antenna horns each having first and second opposite ends along
a horn axis;

a dielectric substrate connected across the first ends of the plurality of antenna
horns and transversely to the horn axes; and

an electrically conductive pattern on the dielectric substrate and defining feed
elements for each of the plurality of antenna horns.

15. A phased array antenna as claimed in claim 14 wherein each of the plurality of
antenna horns comprises a dual polarized quad-ridge horn each comprising an electrically
conductive conduit and four spaced apart electrically conductive ridges extending
longitudinally on an inner side of the electrically conductive conduit.

16. A phased array antenna as claimed in claim 15 wherein the electrically conductive

pattern defines two feed elements for each dual polarized quad-ridge horn, the two feed
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elements being positioned orthogonal to each other on the dielectric substrate.

17. A phased array antenna as claimed in claim 15 wherein the electrically conductive
pattern further comprises portions corresponding to each of the plurality of antenna horns.

18. A phased array antenna as claimed in claim 17 further comprising a conductive
adhesive securing the electrically conductive conduit and the four electrically conductive ridges
of each antenna horn to the corresponding portions of the electrically conductive pattern.

19. A phased array antenna as claimed in claim 17 wherein the dielectric substrate
includes first and second opposite sides; wherein the electrically conductive pattern includes
a first side conductive pattern on the first side of the dielectric substrate, and a second side
conductive pattern on the second side of the dielectric substrate; and wherein the plurality of
antenna horns are secured to the first side of the dielectric substrate and electrically connected
to the first side conductive pattern.

20. A phased array antenna as claimed in claim 19 further comprising conductors
through the dielectric substrate elect:rically connecting the first side conductive pattern on the
first side of the dielectric substrate with the second side conductive pattern on the second side
of the dielectric substrate.

21. A phased array antenna as claimed in claim 14 further comprising active circuits on
the dielectric substrate and connected to the electrically conductive pattern.

22. A method of making an antenna device comprising the steps of:

providing an antenna horn having first and second opposite ends along a horn
axis;

forming an electrically conductive pattern, defining at least one feed element for
the antenna horn, on a dielectric substrate; and

connecting the dielectric substrate across the first end of the antenna horn and
transversely to the horn axis.

23. A method as claimed in claim 22 wherein the electrically conductive pattern further
comprises a portion corresponding to the antenna horn.

24. A method as claimed in claim 23 wherein the step of connecting the dielectric
substrate across the first end of the antenna horn further comprises connecting the antenna horn
to the corresponding portion of the electrically conductive pattern with an electrically
conductive adhesive.

25. A method as claimed in claim 23 wherein the dielectric substrate includes first and
second opposite sides; wherein the electrically conductive pattern includes a first side

conductive pattern on the first side of the dielectric substrate, and a second side conductive
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pattern on the second side of the dielectric substrate; and wherein the antenna horn is secured
to the first side of the dielectric substrate and electrically connected to the first side conductive
pattern.

26. A method as claimed in claim 25 further comprising the step ot electrically
connecting the first side conductive pattern on the first side of the dielectric substrate and the
second side conductive pattern on the second side of the dielectric substrate with conductors
through the dielectric substrate.

27. A method as claimed in claim 22 further comprising the step of providing active
circuits on the dielectric substrate and connected to the electrically conductive pattern.

28. A method of making a phased array antenna comprising the steps of:

providing a plurality of antenna horns each having first and second opposite
ends along a horn axis;

forming an electrically conductive pattern, defining feed elements for each of the
plurality of antenna horns, on a dielectric substrate; and

connecting the dielectric substrate across the first ends of the plurality of antenna
horns and transversely to the horn axes.

29. A method as claimed in claim 28 wherein each of the plurality of antenna horns
comprises a dual polarized quad-ridge horn each comprising an electrically conductive conduit
and four spaced apart electrically conductive ridges extending longitudinally on an inner side
of the electrically conductive conduit.

30. A method as claimed in claim 29 wherein the electrically conductive pattern defines
feed elements for each dual polarized quad-ridge horn, the feed elements for each dual
polarized quad-ridge horn being positioned orthogonal to each other on the dielectric substrate.

31. A method as claimed in claim 29 wherein the electrically conductive pattern further
comprises portions corresponding to each of the plurality of antenna horns.

32. A method as claimed in claim 31 wherein the step of connecting the dielectric
substrate across the first ends of the plurality of antenna horns comprises connecting the
electi‘ica]_ly conductive conduit and the four electrically conductive ridges of each antenna horn
to the corresponding portions of the electrically conductive pattern with an electrically
conductive adhesive.

33. A method as claimed in claim 31 wherein the dielectric substrate includes first and
second opposite sides; wherein the electrically conductive pattern includes a first side
conductive pattern on the first side of the dielectric substrate, and a second side conductive

pattern on the second side of the dielectric substrate; and wherein the plurality of antenna horns
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are secured to the first side of the dielectric substrate 'and electrically connected to the first side
conductive pattern.

34. A method as claimed in claim 33 further comprisiﬁg the step of electrically
connecting the first side conductive pattern on the first side of the dielectric substrate and the
second side conductive pattern on the second side of the dielectric substrate with conductors
through the dielectric substrate.

35. A method as claimed in claim 28 further comprising the step of providing active

circuits on the dielectric substrate and connected to the electrically conductive pattern.
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