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Abstract— Compact and lightweight antennas are required
for future ground communication systems to provide wide-
angle 4n steradians coverage for man-pack radio communica-
tion units carried by soldiers on the ground. Two innovative
“Bunker” antennas at K-band are described in this article. The
novelty includes antenna deployment from folded to unfolded
configurations, compact size, low mass, 47 steradians coverage,
low cost, wide bandwidth performance, and built-in radome
for protection from severe environmental conditions. Design
of these antennas, trades, RF simulations, mechanical design,
antenna deployment, and material selection leading to product
development are described for the first time in this article.
A prototype antenna has been fabricated and measured results
are presented. An excellent correlation between measured and
simulated patterns has been achieved. The Bunker antenna has
very wide frequency bandwidth of 86% covering Ku and Ka
secondary frequency bands in addition to its primary K-band and
thus could in the future replace three antennas on a dedicated
man-pack with a single tri-band antenna solution.

Index Terms— Antenna deployment, bunker antenna, low gain
antenna, omni-directional antenna, wide-angle coverage antenna,
wide bandwidth antenna.

I. INTRODUCTION

IGHTWEIGHT and compact millimeter-wave antenna

designs enable small unit tactical operations to per-
sist under electronic warfare (EW) conditions. An integrated
communications system (ICS) is being developed to pro-
tect local, airborne, and reach-back communications from
detection, interception and exploitation. The ICS man-pack
equipped with advanced antenna technologies, such as the
discriminating tri-band Bunker antenna, provides dependable,
interoperable, and secure communications both within the unit
and with the aircraft the operators are communicating with to
exercise a set of highly complex missions. A key mission that
will be significantly enhanced with this technology is the close
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Fig. 1.

Millimeter-wave enabling scenario with Bunker antenna.

air support (CAS) mission. CAS is a critical element of joint
fire support that employs aircraft fires to destroy, suppress,
or neutralize enemy forces to permit movement, maneuver,
and control terrain.

Soldiers on the ground require lightweight, enabling tech-
nologies, versus currently fielded legacy radios that have many
limitations with survivability which will become a liability in
the future. The ICS man-pack and the innovative, functional,
deployable, and stowable “Bunker” antenna will enable fast,
on the move, and at the halt operations to future airborne
platforms crucial to both air superiority and establishing air
supremacy. Fig. 1 shows a notional scenario using the ICS
and the Bunker antenna as part of the soldier’s man-pack unit
for communicating with future platforms, to identify, secure,
and eliminate the potential adversaries.

Wide-angle coverage antennas with compact size, low mass,
and low cost are required for soldiers’ man-pack radio units.
In addition, the antennas need to be deployed in two unique
configurations: 1) when the soldier is lying down on the
ground (communications at the halt “CATH”) and 2) when
the soldier is on the move (communications on the move
“COTM”). A full coverage of 4z steradians is necessary for
these antennas in order to communicate with both aircraft
and the ground network infrastructure. This article describes a
novel “Bunker” antenna at K-band providing a small, non-
invasive, deployable antenna solution in the battlefield that
could effectively support communications to ground operators
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and/or air vehicles in or near contested environments. The
antenna is required for the ICS man-pack applications with
deployable configurations. An added capability of the Bunker
antenna is that it is designed to support secondary Ku and Ka
frequency bands in addition to the primary K-band frequencies
where a single tri-band Bunker antenna replaces three separate
antennas in the future.

An isotropic antenna with no cross-polarization is used
only as a theoretical reference to compare the directional gain
of any antenna. In practice, an isotropic coverage over 4w
steradians is not realizable as the antenna patterns are affected
by the mounting structure, feeding assembly, and scattering
effects of the finite antenna structure. A number of low gain
wide coverage antennas are described [1], [2] for satellite
applications providing either earth coverage of +/—9° when
the satellite is in-orbit or providing a toroidal coverage with
peak at 90° with +/—20° coverage around the peak when the
satellite is in the transfer orbit providing telemetry and tracking
communications to the ground. The isotropic performance is
severely impacted by the mounting structure such as spacecraft
and scattering from other support structure and antennas [3].
One way to achieve nearly uniform coverage of a full sphere is
to employ a number of switchable quasi-directional antennas
pointing in different directions [4]. None of the single antennas
cover the entire sphere, but switching them on and off allows
a full-coverage pattern to be realized. This approach has
drawbacks of increased losses due to switching network, and
increased complexity, mass, and cost.

Quasi-isotropic antennas provide uniform power coverage
without the control of polarization [5]. Generally, these anten-
nas are made of two orthogonal electric and/or magnetic
dipoles. The nulls in the patterns of each dipole are filled by
the second dipole with proper amplitude and phase excitation.
Examples include two electric dipoles, where proper phasing is
achieved by adjusting the length difference of the dipoles [6],
four L-shaped monopoles with 90° phase progressions pro-
vided by a built-in feed network [7], equivalent electric and
magnetic dipoles that are excited in a dielectric resonator
antenna [8], U-shape patch [9], and circular sector cavity [10].
In most of the above cases, quasi-isotropic antennas are a
quarter wavelength or smaller, and thus they become less
than the size of a coaxial connector at frequencies higher
than X-band leading to high sensitivity of radiation patterns
to mounting platforms, handles, and connectors itself. In this
case, having a null in the direction of the platform is beneficial.
Unlike quasi-isotropic antennas, omnidirectional antennas with
toroidal patterns radiate perpendicularly to their axes with
doughnut-shaped patterns having two nulls; one of them can be
directed in the direction of the platform. The nulls are typically
wide and significantly affect the antenna coverage. A com-
pact antenna using a cavity-backed annular slot operating at
L-band is discussed in [11]. This antenna has a narrow band-
width of 5% and provides less than 2z steradians coverage.
A bi-conical antenna (BCA) with narrow elevation coverage
is described in [12]. A low-profile dual-polarized wideband
omnidirectional antenna was proposed [13] with artificial mag-
netic conductor (AMC) reflector supporting long term evolu-
tion (LTE) band (1.7-2.7 GHz). The antenna structure consists
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Fig. 2. (a) Bunker inverted-F and (b) Bunker BCAs.

of a horizontally polarized circular loop antenna, a vertically
polarized monopole antenna and an AMC reflector. This
antenna is too directive with limited coverage. Gronich [14]
suggested a small ultra-wideband biconical designed antenna
supporting two-octave bandwidths, where an omnidirectional
beam in the azimuth plane is achieved, but with limited
elevation coverage of only 10° to 20°. Li ef al. [15] proposed
an omnidirectional antenna with wide bandwidth suitable for
GSM 1800/3G/LTE/5G indoor communications using printed
log-periodical antenna elements, which were evenly distributed
around the center to achieve the omnidirectional radiation
patterns. Parasitic elements are used here to get the wide band-
width, but the antenna has drawbacks of larger area, increased
complexity and limited coverage. The prior-art literature shows
lack of full coverage omnidirectional antennas that are needed
for future protected communications used for soldiers’ man-
pack units.

This article presents two types of antennas as shown in
Fig. 2, both capable of providing K-band primary coverage
and Ku-band and Ka-band secondary coverages using a single
antenna. The first one employs an inverted-F antenna (IFA)
providing a cardioid pattern with beam peak perpendicular to
antenna aperture resulting in a quasi-isotropic coverage [see
Fig. 2(a)]. The second antenna uses an all-metal bi-conical
antenna (BCA) with better omnidirectional design and pro-
viding a toroidal pattern with beam peak perpendicular to the
surface of the antenna [see Fig. 2(b)]. Omni-directional pattern
allows for better polarization control, whereas nulls in the
patterns are minimized to improve the coverage. By comparing
the quasi-isotropic with omnidirectional designs, it is shown
that the omnidirectional approach has better coverage for and
hence is selected for fabrication and test. This article presents
design and performance results of the two Bunker antennas
including the unique mechanical configuration for deployment
and stowage of these antennas.

Key features of the “Bunker” antenna include: 1) it provides
47 steradians of coverage; 2) the antenna has a novel support
mechanism using two fiberglass rods, a conduit, an RF cable
inside, clip release mechanism to fold and unfold the antenna
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from lying down to standing up positions of the soldier and
a 2.92 mm coaxial connector that interfaces with the man-
pack radio; 3) it has a protective radome and a small metallic
ground-plane; and 4) it is compact and lightweight so that
the soldier can carry it easily in the battle-field [16]. Two
different antenna types, an IFA and a BCA are initially con-
sidered and performance results are presented. Based on the
RF performance results, the bi-conical design is selected for
prototype fabrication. Measured results of the BCA prototype
“Bunker” antenna are presented and compared with full-wave
simulations. Additionally, the mechanical deployment of the
antenna between the two configurations is demonstrated where
the impact of the mechanical support on antenna performance
is taken into account.

II. BUNKER ANTENNA REQUIREMENTS

The Bunker antenna carried by the soldier for radio com-
munication with aircraft, headquarters (HQs) and other ground
sites within a theater area shall meet the following key primary
requirements.

1) Frequency range: 20.2 to 21.5 GHz.

2) Polarization: RHCP.

3) Coverage: 47 steradians.

4) Antenna gain: > —6.5 dBic (90% of coverage) and

> —9.2 dBic (95% of coverage).

5) Return loss: >10 dB.

6) Stowage and deployment: 12 when soldier lying on the

ground to 24” when soldier is standing.

7) Mass: <300 grams without support structure and cable.

8) Size: 2.5” dia. X 2.0” long (without support rod).

9) Protection: Radome cover for field operation.

In addition to the above requirements, the Bunker antenna
cost has to be substantially low due to thousands of quan-
tities needed for future man-pack radio applications. The
secondary requirements include capability to support Ku-band
and Ka-band frequencies in the future where one antenna
could replace three different antennas for man-pack radio
communications.

III. DESIGN APPROACH

Design optimization and RF analysis of the Bunker antenna
are performed using CST Microwave Studio, which is a 3-D
full-wave tool capable of efficient modeling of complex EM
antenna geometries. The frequency-domain solver used is
based on the finite element method (FEM). It automatically
refines the mesh in the required areas, thus significantly
improving the accuracy with moderate increase in memory
and time requirements. The numerical approach is validated
by means of measurements.

Antenna patterns were optimized by means of the CST’s
covariance matrix adaptation (CMA) Evolution Strategy opti-
mizer. Depending on settings, the optimizer can behave as
local or global method. For the Bunker antenna design, the
optimizer is set as global. The cost function consisted of
an impedance goal and a coverage goal. The coverage goal
compares the computed minimal directivity within field-of-
view over a given frequency range with the threshold required
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directivity value. The reported percentage coverage is relative
to full 47 steradians and is evaluated for a given gain value
using the following equations:

100 2 T )
% Coverage = —/ d(o/ f(@,)sin0do (1)
4z 0 0
where the function f(8, ¢) is given as

1, G(@, 60) > Gthreshold
0 = 2
f( ’ w) [09 G(@, 60) < Glhreshold~ ( )

G0, ¢) in (2) is the antenna realized gain in the direction of
(@, ¢) and Gnreshola is the gain threshold level.

The percentage coverage is evaluated for the required
threshold gain values of —6.5 and —9.2 dBic. Taking into
account a 1.3 dB cable loss and 0.1 dB loss due to mismatch
and material losses, the resulting directivity thresholds are
—5.1 dBic for 90% coverage and —7.8 dBic for 95% coverage.
To account for the polarization mismatch loss, far-field is
evaluated in terms of circularly polarized components, and
thresholds are applied directly to RHCP component. Angular
resolution of 1° is used in both azimuth and elevation in
order to get sufficient samples for % coverage evaluation.
This design methodology and analyses resulted in success-
fully developing Bunker antenna hardware that met all the
requirements.

IV. FABRICATION AND RECONFIGURABILITY APPROACH

The reconfigurable mechanical assembly (RMA) is the key
component, apart from the antenna, that provides deployment
and stowage functions when the soldier is standing and when
the soldier is lying on the ground in the battlefield respectively.
The RMA is common to both types of antennas and hence it
is described upfront. The stowed and deployed configurations
of the antenna with RMA are shown in Fig. 3. In the stowed
configuration, the antenna is far from the soldier’s head and
is close to the waist to minimize the radiation intensity for
the safety of the soldier. In the deployed configuration, the
antenna is above the head by more than 6” to minimize the
radiation intensity. Details of the RMA are shown in Fig. 4.

In addition to meeting functional requirements, the design,
choice of material, and manufacturing methods are carefully
chosen to maximize use of commercial-off-the-shelf (COTS)
items to minimize costs. The following components, as seen in
Fig. 4, are readily available as COTS from several suppliers:
the 2.9 mm flexible coax cable, the 3/4” diameter fiberglass
Support Rods A & B, the 3/8” diameter plastic Flexible
Conduit, and the 1” diameter PTFE Sleeve.

The “stops” and “stowing clip” are 3-D printed out of
ABS plastic and are glued to their respective “support rods.”
The base flange is machined from aluminum and is attached
to support rod A using metal pins. The antenna aperture
is machined from copper and is fed by a coaxial center
conductor that is electrically connected to the copper section
by soldering. A machined Rexolite radome is glued to the
antenna aperture. The radome/antenna aperture assembly and
the “flexible conduit” are attached to support rod B using metal
pins. Fig. 5 shows the fabricated parts of the RMA. As can be
seen, the Bunker Antenna not only uses several COTS items
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(d)

Fig. 3. Antenna integrated with the RMA. (a) Stowed Configuration,
(b) soldier carrying K-Band antenna lying down, (c) deployed configuration,
and (d) soldier carrying K-band antenna while standing.

Flexible
Conduit

Support Rod B
Stowing Clip

Inverted-F
Antenna

.
Stop

Support Rod A

2.92mm with .75”
repeatable bend radius

Fig. 4. Details of the RMA showing its parts and construction.

but is also easy to manufacture and assemble. It is lightweight
and compact and requires low to no maintenance.

V. INVERTED-F ANTENNA (IFA)

The IFA is optimized for maximizing the antenna coverage
in terms of total field and then evaluated with RHCP compo-
nent of the field. Total field is a combination of co-polarized
and cross-polarized field components, and thus the antenna is
not designed to distinguish different senses of polarization, but
solely to minimize the directivity variation across full sphere.
The antenna is expected to behave well in statistical sense in
multipath environment when polarization and direction of an
incident signal is not known. Antenna’s geometry is motivated

Fig. 5.  Fabricated RMA prototype showing deployed (top) and stowed
(bottom) configurations.
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20.71"(18.0mm) | Metal Base

Fig. 6. Inverted-F antenna geometry. A machined radome is glued to the
antenna aperture.

by a quasi-isotropic approach based on shorted patch antenna
[9], [10]. It also can be regarded as planar Inverted-F antenna.
In both cases, the antenna is made of resonant quarter wave-
length radiator parallel to ground and shorted on one side. The
antenna is fed by a coaxial probe. The offset of the probe
from the short determines antenna impedance. At K-band,
electrically large ground is needed to accommodate the coaxial
connector. Besides, mechanically robust radome is electrically
thick. Both ground and radome impact radiation patterns,
so that the antenna should be optimized to restore coverage.
The proposed IFA consists of two parts, a radiating antenna
element and the RMA. The radiating segment comprises an
inverted-F antenna fed with a single feed point, a shaped
ground plane, a Rexolite radome, and a 2.92 mm coaxial
connector. The RMA consists of a coaxial cable, support rods
and a conduit for deployment and stowage of the antenna.
Fig. 6 shows the geometry of the IFA that includes metallic
base, a Rexolite radome with relative permittivity of 2.53 and
dissipation factor of 0.00066, an air gap between the top of IFA
and the radome for improving the impedance match, a shaped
ground plane for widening the coverage and a 2.92 mm coaxial
connector interface. The radiating element is moved away
from the large base, whereas the thickness of the radome is
the result of optimization routine. Details of the RMA are
presented in the previous section. The simulated return loss
of the IFA including the RMA support structure is plotted in
Fig. 7. Return loss is better than 19 dB over the desired band
of 20.2 to 21.5 GHz. The 10 dB return loss bandwidth is 35%
and is over 16.6 to 23.7 GHz.

Two-dimensional projection of the computed total field
directivity along with elevation cuts of the IFA are shown
in Fig. 8. They are computed without the mechanical support

Authorized licensed use limited to: Sudhakar Rao. Downloaded on October 12,2022 at 01:26:19 UTC from IEEE Xplore. Restrictions apply.



RAO et al.: WIDE-ANGLE COVERAGE DEPLOYABLE BUNKER ANTENNA FOR GROUND APPLICATIONS

0 %\
-5 \
-10
% N /
N/
b
20 /
25 \ {
-30
10 125 15 17.5 20 25 25 2.5 30
Frequency, GHz
Fig. 7.  Computed reflection coefficient of the IFA with frequency. RL is

better than 19 dB over 20.2 to 21.2 GHz.

Farfield 'farfield (f=20.7) [1]'

dBi
3.49
2.27

-100
1.06
@ U i e e e -0.151
'_"E’ 0 -1.36
0 257
3.79
100 -
""" : nnnoee : = 651
180 : : ; : ;
-90 -60 -40 -20 0 20 40 60 a0
Phi
(@)
6
4
5 il L g /ﬁ\
2 R\
> 0 i
I\ ™ 2 i
2V N g
&
%
8

—
S

-180 -150 -120 90 60 -30 (o] 30 60 90 120 150 180

(®)

~/

Directivity, dBi

S
4
N\
/
A

=
., ©

-150 -120 %0 60 -30 0 30 60 90 120 150 180

i
17
S

Theta, deg
(©)
5
0
=
e
z ¥ A / . ; \
z | \ |/ : ‘
510 1 \ ——phi=0deg, Theta \
= I \ " — .. phi=0deg, Phi !I
15 I| \y — —phi=90 deg, Theta i
| |“| --------- phi=90 deg, Phi |
20 .
-180 -150 -120 90 60 30 0 30 60 90 120 150 180
Theta, deg
(@
Fig. 8. Computed directivity of total field of quasi-isotropic IFA without

support structure RMA. (a) Equirectangular projection at 20.7 GHz, (b) com-
puted elevations cuts in the plane of the pin offset (phi = 0 deg), (c) computed
elevation cuts in the plane normal to the pin offset (phi = 0°), and (d) field
components in two orthogonal elevation cuts at 20.7 GHz.

structure RMA. The projection at mid-band shows close to
quasi-isotropic radiation with directivity variation of 6.3 dBi
[see Fig. 8(a)]. Note that the antenna diameter is about 2 wave-
lengths, which is significantly larger than most of published
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Fig. 9. (a) Distribution of electric field, and sensitivity of reflection coefficient
to tolerances of (b) patch diameter, (c) height of the slot between patch and
podium, (d) offset of coaxial pin from patch short.

quasi-isotropic antenna designs. Directivity variation can be
seen more clearly in elevation @ angle cuts in both XZ and YZ
planes [see Figs. 8(b) and (c)]. Polarization of the antenna
resembles that of a regular IFA with E-plane in the plane of
the feed offset from the short [see Fig. 8(d), phi = 0°). It is
predominantly theta polarized with significant phi component
in the vicinity of H-plane.

Distribution of electric field at 20.7 GHz is shown in
Fig. 9(a). As expected, the field is maximum next to the feed
point, and this is the region determining impedance match.
In particular, reflection coefficient is sensitive to the diameter
of the resonance patch and thickness of the slot between the
patch and podium. Standard dimensional tolerance of CNC
machined parts is 0.005” (0.125 mm). Applying this tolerance
to the patch diameter or the slot thickness displaces the dip of
reflection coefficient, changes its depth, and may even change
its shape [see Fig. 9(b) and (c)]. Impedance match is less
sensitive to the tolerances of the offset of the coaxial pin
from the short [see Fig. 9(d)]. The offset mainly controls
the magnitude of the return loss, but whereas its position
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TABLE I

VARIATION OF 95% COVERAGE THRESHOLD OF IFA ANTENNA
CAUSED BY FABRICATION TOLERANCES

Variation of Coverage Threshold, dB
Geometrical Feature Tolerance | +1- 0.005" +-0.010"
Patch diameter 0.02 0.03
Coaxial pin offset 0.03 0.04
Base diameter 0.09 0.15
Base height 0.07 0.13
Radome diameter 0.04 0.08
Radome height 0.26 0.48
Podium diameter 0.07 0.21
Podium height 0.02 0.18

stays the same. Radome is an integral part of the antenna.
Without the radome, the return loss is not better than 5 dB
from 10 to 30 GHz (not shown). Along with the feed point,
electric field is relatively strong at the podium, base, and
top of the radome. Sensitivity study shows that reflection
coefficient is not sensitive to the tolerances of their dimensions,
though they do impact coverage. For the demonstration’s sake,
the coverage is characterized by the minimal total directivity
within 95% of full sphere coverage from 20.2 to 21.5 GHz,
which is referred as coverage threshold in Table I. The
coverage threshold is most sensitive to the radome height,
a bit less sensitive to the dimensions of podium, and even
less sensitive to the parameters of base. Clearly, co-designing
the well-known radiating element with mounting structure and
radome enables wide field of view hardly achievable with
original design under given constraints. Overall performance
is not sensitive to fabrication tolerances, so it is expected to
be consistent for all fabricated units.

The percentage coverages without support structure for two
gain threshold values of —7.8 and —5.1 dBic are shown in
Table II. As seen, when threshold is applied to total field, the
coverage is 100% by design. Coupling to RHCP has lower
coverage mainly since IFA radiates both theta and phi far-field
components, resulting in high axial ratio at some angles.

The impact of the support structure RMA on the radiation
patterns of the IFA is analyzed using a 10” PTFE rod with
cable inside (design of RMA is described later), and it is
shown in Fig. 10. The gain variation in the backlobe region is
large as could be expected due to the quasi-isotropic shape of
the radiation. However, the impact of the support structure
on coverage is minimal (see Table II). Even though this
antenna has perfect coverage in terms of total field, coverage
requirements for RHCP are not fulfilled. An omnidirectional
antenna is designed in the next section for better coverage.

VI. BI-CONICAL ANTENNA (BCA)

BCAs are widely used in communication satellites to pro-
vide communication links when the satellite is in the transfer
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Fig. 10. Computed directivity of total field of quasi-isotropic IFA with 10”
long support structure RMA. (a) IFA with RMA geometry and (b) computed
elevations cuts in the plane of the pin offset (phi = 0°).

TABLE I

CALCULATED MINIMAL PERCENTAGE DIRECTIVITY COVERAGE OF IFA
FrROM 20.2 TO 21.5 GHz. THRESHOLD IS EITHER APPLIED TO THE
ToTtAL OR RHCP FIELD

Total Field RHCP
Threshold . . . .
Condition -7.8dBi -5.1dBi -7.8dBi -5.1dBi
No support structure 100 % 100 % 856 % | 70.0%
With support structure 99.7% | 994% | 97.8% | 69.8 %

orbit [1] with coverage of +/—20° around 6 = 90°. Transform-
ing dipole arms into cones is a means to improve impedance
bandwidth. Radiation pattern is omnidirectional with nulls
toward top and bottom of the antenna. Since the antenna is
always mounted on a platform, bottom null helps to mitigate
the impact of the platform on radiation. Top null impacts the
coverage of the antenna and should be minimized.

A few antenna configurations are initially considered,
including quadrifilar helix, dipole, bi-conical, and discone
antennas. Typical coverage is shown in Table III. Quadrifilar
helix antennas are circularly polarized. They can be designed
to have wide beamwidth and low axial ratio. Coverage is
close to 83% with a small ground plate (ground is 0.16”
or 4 mm). However, it significantly drops when connector
size is considered (ground is 0.71” or 8 mm). Besides,
self-phasing version of the antenna does not have the required
bandwidth. Wider bandwidth is achieved with a feed network
at the expense of added complexity to the antenna. Omni-
directional antennas are much simpler to design and fabricate.
RHCP coverage is from 73% to 86% if connector size is
not accounted. This indicates that wide nulls do not prevent
from good coverage. When discone antenna is modified to
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TABLE III
COVERAGE AT 20.7 GHz OF VARIOUS ANTENNAS

Coverage @ -5.1 dBi Threshold (20.7 GHz)
Antenna Total Field RHCP
Open-Ended Quadrifilar Helix, 65.9 % 65.0 %
0.16” (4 mm) Ground
Printed Self-Phased Quadrifilar 89.3 % 82.8 %
Helix, 0.16” (4 mm) Ground
Printed Self-Phased Quadrifilar 64.6 % 54.9 %
Helix, 0.71” (18 mm) Ground
Half-Wavelength Dipole 85.3 % 725 %
Bi-Conical Antenna 93.6 % 80.9 %
Discone, 0.71” (18 mm) Disc 97.3 % 68.0 %
Discone, 0.36” (9 mm) Disc 93.7 % 85.7 %
Bi-Conical “Bunker” Antenna 99.2 % 92.8 %

accommodate for a connector (0.71” or 8§ mm disk), coverage
for RHCP drops from 86% to 68%, as expected. Because of the
antenna simplicity and encouraging initial results, bi-conical
approach is chosen for optimization.

During optimization the following aspects are taken into
consideration.

1) At K-band, radome provides protection and mechanical
support for the top cone as well, so it should have good
mechanical strength.

2) Flare of the cones can be replaced by steps for easier
radome attachment without sacrifice of bandwidth.

3) Asymmetric structure helps to manipulate with coverage
as it is seen in the results for discone in Table III.

4) For this application, the size and mass are reduced
by using coaxial feeding (instead of conventional
waveguide used for satellites).

The final design extends the coverage over 4z steradians
mainly by making cone angle as 0° resulting in reduced
radiating aperture size. The BCA provides a dip near the axis
perpendicular to the bi-cone aperture over a small region but
provides better back lobe performance. Besides, it is mainly
theta-polarized, so that polarization loss is 3 dB at all angles.
As a result, the percentage coverage is better than that of IFA,
and hence is the selected antenna configuration for the man-
pack radio. BCA consists of biconical antenna with copper
conical structure, airgap, rexolite radome, fiberglass support
structure, coaxial cable within the fiberglass rod support and
a coaxial connector. The overall size of the antenna without
the support structure RMA is 1.9” (48.3 mm) diameter and a
length of 0.48” (12.3 mm) (see Fig. 11).

Fig. 12(a) shows distribution of electric field in the antenna.
Field is strongest next to the feed point in gap 1, and then it
propagates through gap 2 to be radiated from the slot made
of top and bottom cones. Sensitivity analysis indicates that
reflection coefficient is the most sensitive to the tolerances of
the height of gap 1 and gap 2, and diameter of gap 1 [see
Fig. 12(c) and (d)]. Tolerances of other geometrical features
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50 Ohm air-filled coaxial line
@ 1.27" (32.3 mm)

Radome
Rexolie 1422

0.33" (8.4 mm)

0.15” (3.8 mm)

©0.91” (23.1 mm)

@ 1.60” (40.6 mm)

@ 1.90" (48.2 mm)

Fig. 11.  Geometry of BCA. A machined radome is glued to the antenna
aperture.
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Fig. 12. (a) Distribution of electric field and sensitivity of reflection

coefficient to the tolerances of (b) height and (c) diameter of central gap
next to the coaxial pin (gap 1), (d) height of the middle gap (gap 2).

do not impact reflection coefficient much. Moreover, even
without radome the antenna has impedance match better than
10 dB from 18.5 to 33.5 GHz (not shown). Variation of
95% coverage threshold follows the trend of the reflection
coefficient sensitivity (see Table IV). In addition to the heights
of gap 1 and gap 2, the coverage is impacted by the diameters
of cones and radome. Variation of coverage threshold seems
more significant compared to IFA; however, this reflects the
fact that the antenna parameters influence the width of null in
radiation pattern. Overall design is slightly more sensitive to
the fabrication tolerances compared to IFA, with special care
to be taken to the height and diameter of gap 1 and height of

gap 2.
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TABLE IV

VARIATION OF 95% COVERAGE THRESHOLD OF BCA ANTENNA
CAUSED BY FABRICATION TOLERANCES

Variation of Coverage Threshold, dB
Geometrical Feature Tolerance +/-0.005” +/-0.010"
Gap 1 height 0.46 1.13
Gap 1 diameter 0.03 0.03
Gap2 height 0.49 0.58
Gap 2diameter 0.04 0.02
Radome outer radius 0.18 0.36
Top cone diameter 0.22 0.52
Bottom cone diameter 0.15 0.27
TABLE V

CALCULATED MINIMAL PERCENTAGE DIRECTIVITY COVERAGE OF BCA
FrROM 20.2 TO 21.5 GHz. THRESHOLD IS EITHER APPLIED TO THE
ToTtAL OR RHCP FIELD

Total Field RHCP
Threshold . . . .
Condition -7.8dBi -5.1dBi -7.8 dBi -5.1 dBi
No support structure 999% | 99.8% | 99.8% | 924 %
With support structure 999% | 99.8% | 99.8% | 925 %

Fig. 13. Prototype unit of the BCA fabricated with a protective radome cover
and the RMA.

Calculated percentage coverage for BCA without and with
supporting structure are shown in Table V. Relative permit-
tivity of the handle is 5. The antenna satisfies the coverage
requirements for RHCP component in both cases.

Six prototype units of the BCA have been fabricated
along with their RMAs. The fabricated BCA along with the
protective radome and RMA is shown in Fig. 13. The antenna
without RMA is very compact and is 1.9” (48.3 mm) diameter
and 0.48” (12.3 mm) long with low mass of 66 grams.
Measured return loss of the 6 units along with computed
results are shown in Fig. 14. Consistency of the measured
results among the units indicate that the fabrication tolerances
are much better than it was anticipated in Fig. 12. The return
loss is better than 19 dB over the desired K-band frequencies.
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PT-B Antenna, Support Rod

—SN1
-20 —SN2
SN3

-25 SN4
—SN5

-30 —5SN6
—CST, rod, no cable

511, dB

10 12.5 15 17.5 20 225 25 275 30
Frequency, GHz

Fig. 14. Measured reflection coefficient of six units of BCA including
RMA and comparison with simulated results using CST. BCA exhibits wide
bandwidth performance with RL better than 10 dB over 12.5 to 29.0 GHz.

Fig. 15. Anechoic chamber test set-up for radiation pattern measurements
of BCA in deployed configuration: (Top Left) Forward Radiation in deployed
state. (Top Right) Backward radiation in deployed state.

It shows wide bandwidth of 12.5 to 29 GHz with return
loss better than 10 dB over 80% bandwidth. The wideband
capability of the BCA allows the unit to support multiple
missions at Ku-, K-, and Ka-bands thereby reducing the
number of antennas carried by the soldier.

The radiation pattern measurement of the BCA is not an
easy task. This is due to the fact that the antenna has low
gain, full 47 steradians coverage, and the back lobe pattern
measurements need special attention to the support structure.
They have been measured in an anechoic chamber and the
set-ups used for forward radiation and backward radiation
are shown in Fig. 15. It is to be noted that special care
has been taken for the backward radiation set-up where non-
metallic support structure (made of wood) is used to support
the BCA causing reduced scattering effects and an absorber
material covering the positioner. Example of measured forward
radiation patterns in the forward direction (f from —90°
to 4+90°) is shown in Fig. 16 for the six units along with
computed patterns shown in dark red at center frequency. The
radiation patterns of the six units track well and match closely
with the simulated patterns using CST.

Measured radiation patterns in the backward hemi-
sphere have been measured with the test set-up shown in
Fig. 15 where care is taken to support the BCA with
non-metallic wooden support structure so that the antenna
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Fig. 16. Measured forward radiation patterns of the six prototype BCA units
at 20.8 GHz. Simulated pattern is shown as dark red curve.

TABLE VI
COMPLIANCE OF BCA WITH THE REQUIREMENTS

Requirement Required Achieved
Impedance bandwidth, GHz 20.2~21.5 12.7~27.7
Performance bandwidth, GHz 20.2~21.5 20.2~21.5
Polarization RHCP Equivalent

RHCP (*)

Coverage of 4

-6.5 dBic 90% 90.6%

-9.2 dBic 95% 97.4%
Weight (no handle, cable), g 300 66
Size, in 25"x2.0" 1.9"x 0.5
Size, mm 63.5x50.0 48.3x12.7
Protection Radome Radome

(*) Antenna is theta polarized; however, polarization mismatch is
accounted in the coverage calculation.

remains stationary while the positioner is moving. Also,
absorber material is placed behind the BCA to shield the
scattering from the positioner. Radiation pattern at center
frequency is shown in Fig. 17 and is compared with simulated
pattern. A good agreement is obtained between measurements
and simulations. The disagreement is mostly in the areas of
deep nulls that got filled due to measurement uncertainties
caused by low gain and scattering from the set-up as can be
expected.

The measured performance of the BCA is summarized in
Table VI and compared with the requirements of the K-band
man-pack antenna. The BCA meets all the requirements for
each of the six antennas manufactured and the RF performance
tracks well among the units in terms of measured return
loss, gain, and shape of the radiation patterns. The antennas
have wide bandwidth covering K-band primarily as well as
secondary Ku- and Ka-bands. This allows a single tri-band
BCA replacing three different antennas on the man-pack
radio thereby reducing mass, complexity, and cost for future
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Fig. 17. Measured backward radiation patterns of the six prototype BCA
units at 20.8 GHz. Simulated pattern is shown as dark red curve.

protected communication systems. The development of a tri-
band antenna is being considered currently. In addition to the
man-pack applications on the ground, the BCA and IFA are
planned for use in current UAV and aircraft applications.

VII. SUMMARY AND CONCLUSION

This article presents novel antenna designs requiring full
47 steradians coverage used for soldiers’ man-pack units in
battle situations for CATH and COTM for future protected
communications. Two different antennas, IFA and BCA, are
presented where the antennas are compact and deployable
from a lying down position to standing position of the soldier
without breaking the communication links. BCA has better
gain performance over the coverage and measured results
match reasonably well with computed results. The antenna
is designed with a protective cover and the mechanical
deployment mechanism is sealed for debris for field oper-
ations. The BCA 1is capable of supporting K-band primary
communications, but also supports secondary communications
required at Ku and Ka frequency bands due to its wideband
characteristics. In future, the wideband BCA will replace three
separate antennas on soldiers’ man-pack units with a single
antenna resulting in much-needed savings in terms of mass,
volume, and cost for protected radio communications.
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