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G7) ABSTRACT

The present invention comprises a substantially omnidirec-
tional antenna with minimal gain variation over the 360
degree azimuth. A plurality of biconical antenna elements
are stacked, wherein a feed line passes through the center of
the biconical antenna elements. The feed line is designed to
provide the proper quantity of power to each biconical
antenna element without the use of a power divider. Each
biconical antenna element is formed by two truncated flared
apart reflecting surfaces. Each biconical antenna element is
attached to a nonconductive collar above and below.
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Tis. 6

Figuse 8: Coroplete parallel fecd peometry aind cnl‘uged View of bottom for paralle] feed, (2sc_fibd)
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FIG. 6

FIG.7
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COLLINEAR COAXIAL SLOT-FED-BICONICAL
ARRAY ANTENNA

FIELD OF INVENTION

[0001] The present invention relates to substantially omni-
directional antennas, particularly a stacked biconical
antenna.

BACKGROUND OF INVENTION

[0002] The present invention relates to substantially omni-
directional antennas, particularly stacked biconical anten-
nas.

[0003] Biconical antennas have commonly been used for
their omnidirectional characteristics in azimuth. It has been
discovered that for any given desired gain, the volume for a
biconical antenna can be reduced by replacing a single
biconical with a stacked array of a plurality of biconical
antenna elements. Several examples of stacked biconical
antennas are discussed below.

[0004] U.S. Pat. No. 3,159,838 (Facchine) discloses a
single biconical antenna with a coaxial feed cable. This and
all other patents cited herein are hereby specifically incor-
porated herein by reference in their entirety. Attached to the
feed cable are smaller cables that bring electromagnetic
energy to the biconical antenna. The feed point is close to the
main cable since otherwise there may be interference from
the smaller feed cable.

[0005] U.S. Pat. No. 5,534,880 (Button) discloses a stack
of biconical antennas in which a radome supports the
structure of the antenna. A transmission wire bundle is
helically spiraled within the radome to provide electromag-
netic energy to the biconical antenna elements. Separate
transmission wires emanate from the main transmission wire
bundle and connect directly to the radiating elements to
provide energy to each biconical antenna element.

[0006] The shortcomings of the prior art are twofold. First,
the wiring required to provide energy to the antenna induces
interference with the outgoing signal, distorts the omnidi-
rectional radiation pattern, induces interference with the
incoming signal, and requires the use of a power divider.
Second, the structure of some of the antennas necessitates a
radome to support the structure of the antenna. It has also
been found that the simpler mechanical design of the present
invention leads to an antenna with a more rugged and robust
performance.

SUMMARY OF THE INVENTION

[0007] The present invention is directed to a substantially
omnidirectional antenna comprising a plurality of stacked
biconical antenna elements, wherein each of the biconical
antenna elements is formed by a two truncated flared apart
conductive cones with a bore perpendicular to the base of
each cones. The antenna also comprises a plurality of
nonconductive collars between adjacent cones. Further the
antenna comprises a single feed line which passes through
the biconical antenna elements and the nonconductive col-
lars. The feed is in one of many possible configurations. One
advantage of the device is its flexibility in that the feed’s
characteristics determines the amount of energy released by
each particular biconical antenna element. The antenna also
allows the energy to be controlled and balanced in order to
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transmit a substantially uniform signal. Further, other
parameters of the device also may be manipulated to change
the amount of energy released by each biconical antenna
element. Another advantage of the device is that the inner
conductor is not in contact with the biconical antenna
elements, allowing for a simpler mechanical design. In
another embodiment, the substantially omnidirectional
antenna of the present invention advantageously provides a
gain of 8-10 dB that is maintained nearly identically over the
entire 360 degree azimuth range.

[0008] The present invention is also directed to a method
for sending a substantially omnidirectional wireless com-
munication signal via an antenna. The communication signal
is created by passing a feed line through the center of a
plurality of biconical antenna elements and sending electro-
magnetic current through the feed line.

[0009] The present invention is also directed to a feed line
for a substantially omnidirectional biconical array antenna.
The feed line may be a tapered serial coaxial cable engi-
neered to deliver the required energy to each element of the
antenna. The feed line may also be a parallel coaxial cable
engineered to deliver the required energy to each element of
the antenna.

[0010] The present invention is also directed to a method
of connecting an array of biconical antenna elements. The
antenna is connected by stacking a plurality of biconical
antenna elements, placing a nonconductive collar within
each biconical antenna element, passing a rigid structure
through the center of said biconical antenna elements and
collars, and securing structure together by squeezing said
biconical antenna elements and said nonconductive collars.

[0011] Other objects and advantages of the present inven-
tion will become apparent during the description of the
several preferred embodiment of the invention taken in
conjunction with the drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0012] FIG. 1 is a side view of the stacked substantially
omnidirectional antenna, this particular embodiment
includes four biconical array elements and a serial feed line.

[0013] FIG. 2 is a skewed side view of the stacked
substantially omnidirectional antenna, this particular
embodiment includes four biconical array elements and a
serial feed line.

[0014] FIG. 3 is a side view of a serial coaxial center
conductor.

[0015] FIG. 4 is a side view of the stacked substantially
omnidirectional antenna, this particular embodiment
includes four biconical array elements and a serial feed line.

[0016] FIG. 5 is an enlarged side view of the bottom of the
stacked substantially omnidirectional antenna, this particu-
lar embodiment includes four biconical array elements and
a serial feed line.

[0017] FIG. 6 is a top view of the connector (collar) of the
biconical array elements to one another.

[0018] FIG. 7 is top view of the connector of the coaxial
feed to the antenna.
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[0019] FIG. 8 is the elevation pattern for a 4-element
biconical antenna.

[0020] FIG. 9 is the azimuth pattern for a 4-element
biconical antenna.

[0021] FIG. 10 is the VSWR pattern for a 4-element
biconical antenna.

[0022] FIG. 11 is the elevation pattern for a 2-element
biconical antenna.

[0023] FIG. 12 is the VSWR pattern for a 2-element
biconical antenna.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

[0024] Referring now to the drawings, the construction of
a substantially omnidirectional antenna of the present inven-
tion is illustrated. The substantially omnidirectional antenna
10 is created with a plurality of n biconical antenna elements
11. The illustrated antenna embodiment 10 includes a stack
of four biconical antenna elements. In one embodiment the
biconical antenna elements are made of brass. In other
embodiments, any conductive material such as, but not
limited to, aluminum and tin-plated steel may be used to
construct the biconical antenna element’s plated conductive
surface over dielectric. Each biconical antenna element is
formed by a pair of truncated flared apart conductive sur-
faces. The pair of truncated flared apart surfaces are con-
nected together, by any suitable means, preferably by sol-
dering, but may be connected through other connective
means as well. Each flared apart surface may be manufac-
tured by spun metal or stamping techniques. Holes 14,
horizontal to the plain of the biconical antenna element are
also made entirely through the biconical antenna element.

[0025] In one embodiment, the biconical antenna connec-
tor (collar) 70 is manufactured from an ABS (acrylonitrile-
butadiene-styrene) material, but may be constructed from
any other non-conductive material such as plastic. Each
collar is connected above 12 and below 13 to a biconical
antenna segment. The method of connection is preferably a
connective force supplied by the connection of the feed line
to the antenna structure. In one embodiment the antenna is
bolted at the top and bottom to hold the bicones and collars
firmly together. The collars advantageously provide
mechanical support to the biconical antenna array. The
collars also create the aperture from which the electromag-
netic energy from the feed line 30 is emitted from the
biconical antenna elements 11. Holes 61, horizontal to the
plane of the collar, are also made entirely through the collar.

[0026] In one embodiment, the inner conductor 30 is
brass, but can be constructed of any conductive material,
such as but not limited to, brass, aluminum or tin-plated
steel. In one embodiment the feed system is in a series
configuration with varying tapered diameters 31. Other
designs for the feed system are also possible including a
parallel design 40. A serial feed may be constructed to emit
approximately 1/n of the total electromagnetic energy at
each biconical antenna element. This is achieved by provid-
ing a specific diameter 31 at each point along the length of
the inner or outer conductor of the feed. Dimensions of such
a tapered serial feed are given in the illustrated embodiment.
For other embodiments, one skilled in the art, with a
reasonable amount of experimentation, may ascertain proper
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taper dimensions. The illustrated resultant tapered series
feed configuration provides for a substantially uniform level
of radiation transmitted by each biconical element. Another
embodiment provides an altered beam shape by adjusting
the inner or outer conductor’s diameters. The feed is pref-
erably attached to a connector 70. The connector is then
attached to the center 71 of the top of the uppermost
biconical antenna. The feed is placed through the biconical
antennas and collars. The advantage of the inventive con-
nector is that it provides support for the feed, and preferably
keeps the center feed centered within, but not in contact
with, the biconical antenna elements and collars. The feed
can be bolted, welded, soldered, or otherwise secured in
place on top 15 and bottom 16 to ensure stability of the
antenna.

[0027] In the illustrated embodiment the antenna contains
four biconical array elements. FIG. 8 shows the elevation
pattern for a 4-element biconical antenna. FIG. 9 shows the
azimuth pattern for a 4-element biconical antenna. FIG. 10
shows the VSWR pattern for a 4-element biconical antenna.
Another embodiment of the antenna provides for two biconi-
cal array elements. FIG. 11 shows the elevation pattern for
a 2-element biconical antenna. FIG. 12 shows the VSWR
pattern for a 2-element biconical antenna. As can be seen
from the FIGS. 8-12 an antenna with more biconical array
elements provides a larger gain in the horizontal direction
and also provides a narrower beam.

[0028] In another embodiment, a serial feed can employ a
continuous taper, this providing the advantage of simple
machining and low cost of manufacture.

[0029] In another embodiment, the height of the slot
apertures can be varied in lieu of altering the inner conductor
to control the amount of energy emitted through each slot. In
this manner, the height of the slot apertures additionally
controls the amount of energy radiated from each biconical
antenna element. This provides an advantage of allowing the
use of a uniform-diameter feed. Further, altering the slots’
heights alters the emitted beam characteristics. Larger slots
provide a higher directional gain and reduced side-lobes in
the antenna signal pattern. The affects of altering the height
of the slot aperture can also be accomplished through
altering the flare angles of the biconical array elements.

[0030] Inyetanother embodiment, as illustrated in FIG. 4,
the feed includes a parallel feed 41. The parallel feed
provides the advantage of a beam that will not scan with
frequency. A balanced feed is attained by the power traveling
up though the center of the inner conductor 51, and having
the power released in the middle of the bicones. The power
then splits in two and travels up 42 and down 43 the
biconical array elements. The impedance of the feed line
after the 180 degree splitter (outer coax) 44 should be
approximately half the impedance of the initial center
coaxial feed line (inner coax) in order to achieve a good
match. There exists a 180 degree phase difference between
the two branches of the coax after the center feed. However,
for the energy passing up through the top branch 45, the field
is first incident on the bottom edge of the aperture. Con-
versely, for the energy passing vertically down the bottom
branch 46, it is first incident to the top edge of the aperture.
This causes a 180 degree phase shift at the bicone aperture
which offsets the 180 degree shift at the center feed. Hence,
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