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ABSTRACT An ultra-wideband antenna with a conical ground and trident inset feeding structure is
presented. The antenna consists of a U-shaped monopole designed on a printed circuit board and a three-
dimensional conical aluminiummold, serving as the ground. Low frequency (< 1 GHz) matching is achieved
with the trident feed branches by inserting them into themonopole. Simulation studies show that the proposed
3-D conical ground outperforms horizontal or flat-lying ground models in terms of impedance matching
bandwidth and radiation pattern omni-directivity. The 3-D ground also helps to stably mount the antenna in a
measurement facility. Simulation and measured results presented in this paper demonstrate that the proposed
antenna is suitable as a testing antenna with omnidirectional radiation patterns over a broad bandwidth.
A 14.6:1 bandwidth ratio (0.56 - 8.2 GHz) has been realized at a voltage standing wave ratio below 2:1 with
antenna gain above 2 dBi.

INDEX TERMS Antennas, conical ground, inset feeding, monopole antenna, printed monopole antenna,
trident feeding, ultra-wideband antennas.

I. INTRODUCTION
Ultra-wideband (UWB) monopole antennas have been exten-
sively studied during the last two decades after the 3.1 to
10.6 GHz communication band was authorized for commer-
cial use in 2002 [1]. They offer not only stable impedance
matching but also omnidirectional radiation patterns over a
wide bandwidth; preferred for reliable wireless communi-
cation. UWB monopole antennas can be categorized into
two prominent designs: the first is monopole with the ver-
tically standing radiator mounted perpendicularly to a metal
plate [2]–[7]. The second design has the radiator in-planewith
the ground and is mostly implemented with a PCB [8]–[11].
The latter have in recent years been integrated into mobile
devices thanks to printed circuit board (PCB) miniaturization
techniques with various radiator and ground geometries. Such
antennas can attain up to 30:1 impedance bandwidth ratio [8].

A comprehensive study in [12] revealed that most
impedance bandwidth enhancement techniques conducted on
planar monopoles have been focused mainly on the radiator
geometry and/or feedline optimization; all the while limited
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to either the in-plane printed ground or the horizontal ground.
As such, in-plane designs, in particular, have seen impedance
enhancements at the expense of reduced antenna gain and a
distorted omnidirectional radiation pattern across the entire
operating bandwidth. For instance, [11] designed a com-
pact in-plane elliptical monopole on a trapezoidal ground
with tapered feedline to achieve a 21.6:1 bandwidth ratio
(0.41 ∼ 8.86 GHz) at voltage standing wave ratio (VSWR)
< 2.0. This was achieved at the expense of negative
antenna gains at lower frequencies (< 1 GHz) and poor
cross-polarization at higher frequencies. The Koch snowflake
fractal monopole design by [8] aimed to stabilize the radiation
patterns over a 30:1 operating bandwidth ratio from 0.65 to
20 GHz by employing parasitic elements in the ground struc-
ture. The antenna nonetheless suffered from zero decibel gain
performance at the lower frequencies and distorted patterns in
the middle and upper frequencies. Thus, these antennas may
not be suitable for applications requiring very stable gain and
radiation pattern performance such as testing antennas in an
electromagnetic measurement system.

The traditional solution to overcoming the radiation pat-
tern and gain instability of the PCB monopole is the ver-
tically standing monopole with a horizontal ground plate.
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FIGURE 1. Geometry of (a) proposed trident inset-fed monopole antenna with conical ground. Inset Options show different inset feeding methods
(b) trident fed monopole antenna with a circular ground (c) trident fed monopole antenna with square ground.

Some modern designs have been proposed in [3]–[6]. How-
ever, these have low-frequency impedance drawbacks due to
limitations posed by the antenna ground and radiator sizes
as reported in [12]. To improve the low-frequency perfor-
mance, most designs elongate and/or enlarge the feedline
and/or ground geometries, as demonstrated in [7] with a large
(800 mm diameter) ground plate to obtain a 12.8:1 (0.47 to
6 GHz) bandwidth ratio. Also, [3] designed a tripolarized
monopole operating from 1.68 to 4.1 GHz. The monopole is
mounted on a 180 mm diameter metal ground to achieve the
84.7% fractional bandwidth (fBW). Other similarly designed
monopoles having flat metal grounds such as [4] and [5]
also achieved fBWs of 75.1% (1.68-3.7 GHz) and 97.9%
(0.6-1.76 GHz). The latter utilized parasitic elements and
a 400 mm diameter ground to realize its low-frequency
impedance matching. In all these examples, the use of a
large metal grounds was prominently implemented to achieve
better low-frequency impedance matching. However, a large
planar ground is usually not preferred, especially in a measur-
ing chamber, as it increases the overall form factor and blocks
the radiations below the ground, thus losing omnidirectional
property in the azimuthal plane.

In a related research, [2] improved the low-frequency
performance and antenna gain by employing a trident feed-
ing technique on a vertical standing monopole to achieve
an 8.1:1 (1.4 to 11.4 GHz) bandwidth ratio. Although this
design achieved stable gain and good cross-polarization per-
formance, the low-frequency impedance difficulty persisted.
So far, increasing the radiator size and especially the hori-
zontal ground size seems to be the best solution to achieving
further low-frequency impedance improvements.

This paper proposes a UWB monopole antenna with
broader bandwidth and improved radiation patterns,
by employing a new trident inset feed together with a 3-D
conical ground. These two techniques which have not been
previously reported by any known research; have been shown

to enhance low frequency (> 1 GHz) impedance performance
while maintaining omnidirectional radiation patterns across
the operating bandwidth. The idea is to leverage the strengths
of the in-plane PCB monopoles and the vertically standing
monopoles to achieve a compact yet improved monopole
design. At a VSWR of 2:1 (−9.5dB S11), the proposed
monopole operates at a 14.6:1 bandwidth ratio from 0.56 to
8.2 GHz. This was achieved with a 61.2 × 75 mm printed
monopole on a 100 × 35 mm conical metal ground. A stable
radiation pattern has also been achieved across the entire
bandwidth, with cross-polarization discrimination (XPD)
better than 18.56 dB. Details of the radiator and ground
design have been presented in Section II. Section III outlines
the measured results and performance analysis.

II. ANTENNA DESIGN
The printed monopole as shown in Fig. 1(a) is ellipse-shaped
at the base and square-shaped at the top ends. Square-shaped
monopoles are most preferred in UWB antenna designs,
as they maintain stable radiation patterns across the operating
bandwidth [6]. Conversely, the elliptical shape at the base of
the radiator enables very smooth surface current distribution
on the radiators [13], an important characteristic for low-
frequency impedance enhancement.

In this design, the hybrid radiator (elliptical base and
square top) was printed on an FR4 substrate (εr = 4.4, thick-
ness = 0.8 mm). Fig. 1(b) and (c) shows the same monopole
geometry as 1(a) but with a circular and square metal grounds
respectively. This was used as a reference during the conical
ground optimization in section II-B. The printed antenna was
etched away from the edges of the substrate at k = 1.2 mm to
further prevent fringed surface currents. This technique was
used to obtain a more omnidirectional radiation pattern at the
upper cutoff frequency. The monopole (in Fig. 1a) was kept
atW = 61.2, H = 75 mm (λ/4 @ 0.5 GHz) and G = 35 mm
throughout the antenna design and optimization process.
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FIGURE 2. Simulated S11 curve of inset feed parameter r mm.

FIGURE 3. Simulated S11 curve of inset feed parameter t mm.

A. TRIDENT INSET FEEDING
The inset feed is a widely known impedance matching tech-
nique used in most microstrip antenna and feeding meth-
ods [13]. Photo inset Options 1a and 2a in Fig. 1(a) are
various known inset feeding methods used in the analysis
process.Option 1a shows a single-strip inset feedline,Option
2a shows a dual-strip inset feeding.
Option 3a shows the proposed trident-shaped inset feeding

technique. Much research has been conducted into the effec-
tiveness of the ordinary microstrip trident feeding approach
in [2] and [13]; therefore this manuscript will focus on the
effectiveness of the inset-feeding method used in the various
feeding Options shown in Fig. 1(a).

The single inset-fed Option 1a has a 50 � width of
n = 1.5 mm and is placed in the center of the radiator, with
widthW and length H . The radiator is suspended at distance
d from the metal ground, to separate the radiator from the
ground. This setup differs from the air gap spacing of [2]
because of the PCB substrate, which sits on the ground to
ensure stability. The feedline is extended by length r into the
radiator and separated by distance q to create the inset groove.
In Option 2a, the two inset branches are identical to that of
Option 1a and are separated by a distance s and centered on
the radiator.

The trident branch feedlines inOption 3a are also identical
in width and length. Each branch is spaced at distance m and
covers a total distance t on the radiator, where t ≈ W/3.

FIGURE 4. Simulated S11 comparison of the 3 inset feeding methods.

TABLE 1. Simulation results comparison of the 3 inset feeding methods.

The inset groove r has a direct relationship with the
monopole’s resonant input resistance (Rin) given in (1).

Rin =
1

2 (G+ GO)
cos2

( π
H
r
)

(1)

G =
IO

120π2 ‖GO = G · IO (koL sin θ) (2)

where G and GO are the self-conductance and mutual con-
ductance given by (2) respectively. IO is the approximated
surface current density obtained from formulated approxima-
tions in [13], and ko the free-space phase constant. Increasing
r towards the center of the patch (r ≈ H /2) introduces junc-
tion capacitances that affect Rin and the resonant frequency;
causing the cos2(πr/H ) function in (1) to increase rapidly
with the position of the feedline. Consequently, changing
the value of q also affects this junction capacitance and thus
useful in obtaining a desirable Rin by rigorous optimization.

The distance m between successive inset branches is a
function of the maximum allowable feed distance tmax . The
relationship shown in (3) and (4) holds true in obtaining the
initial values for optimization.

tmax ≈
W
3

∣∣∣ for n
ho
>1 (3)

2n < m >
t
3

∣∣ for d≤2r (4)

where ho is the substrate thickness given by 0.8 mm. Thus,
for the given W = 61.2 mm, t can be ideally increased to
20.4 mm, m can range between 3.0 and 6.8. From (1) the
initial value of r is set at 3.2 mm for Rin of 225.32 �.
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FIGURE 5. Simulated S11 comparison of trident inset and trident
non-inset feeds.

FIGURE 6. Simulated S11 curve of varying ground height (G) mm.

As noted earlier and from [13], the inset slots introduce
reactance properties that enhance input impedance match-
ing. This is controlled by optimizing parameters r and q.
Fig. 2 shows the real and imaginary impedance curve when
varying r (at q = 0.65 mm). The curve, in keeping with equa-
tion (1), shows much variation in the imaginary (reactance)
curve when r is varied, and q is kept constant. Varying q
predominantly changes the capacitance whereas varying r
(directly proportional to Rin from equation 1) alters the induc-
tance to a larger extent. The optimized values for the pro-
posed design in Option 3a were realized at r = 3 mm and
q = 0.65 mm. The parameter q will thus exhibit similar
frequency response as r.
Fig. 3 shows the sweep when varying the length t in Fig. 1.

Satisfying the condition of equation (4), it can be seen that
the optimum value of t lies between 14.7 mm and 18.7 mm,
which is ≈ W /3. The spacing d between the ground layer
and metallic radiator as characterized in the constraints of
equation 4 is kept at 5 mm to fundamentally prevent galvanic
contact between the two surfaces and also to reduce ground
to radiator surface current induction. The latter reduces the
omnidirectional pattern of the antenna.

Fig. 4 shows the S11 curves for the three inset feed options.
The key parameters (d, t, r and q) for achieving optimum
results in all three options are therefore optimized to obtain
the widest possible bandwidth with the same conical ground
and radiator size. In Option 1a, d = 4.5 mm, r = 3.5 mm
and q = 0.74 mm.

In Option 2a, d = 4 mm, t (or s) = 15.2 mm, r = 4 mm
and q = 0.76 mm. In Option 3a, d = 4.5 mm, t = 16.7 mm,

FIGURE 7. Simulated S11 and realized gain (x-y plane) comparisons
of 3-D conical ground (Fig. 1a), square flat and circular flat ground
(Fig. 1b/c).

FIGURE 8. Simulated surface current distribution for (a) circular-shaped
and (b) 3-D conical shaped grounds. View is from top of antennas at
4.5 GHz.

r = 3 mm and q = 0.65 mm. The coupling between the
ground plane and the radiator is altered by varying d and t
(in Options 2a and 3a only). This changes the input reac-
tance, and thus effective for input impedance matching. Also,
altering the inset parameters r and q, introduces additional
capacitive and inductive effects, rendering a net cancellation
of the input reactance.

Fig. 4 and Table 1 show that the trident inset feed has
superior performance compared with the single and dou-
ble inset feed methods. The bandwidth ratios agree well
with [2], which obtained similar results for the single and
double non-inset feed methods. Moreover, the inset feed-
ing approach in the single and double feed strips achieved
even better results than in [2], [6]. For its single and double
feed options, [2] obtained bandwidth ratios of 2.26:1 and
7.52:1 respectively. Whereas the inset methods implemented
in this paper obtained a 3.8:1 and 7.9:1 bandwidth ratio
for single and double inset-feeds, respectively. It should be
noted that, without optimizing the key parameters, the feed-
ing options may operate from the same lowest frequency
of 0.62 GHz but will have very small bandwidths. This
is because the net reactance offered by each of the three
options at the same dimensions, tend to affect only the higher
frequency regions.

The proposed trident inset method was compared with a
trident non-inset feed design, similar to that of [2]. Both
antennas were simulated with the same conical ground and
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TABLE 2. Simulation results comparison of the 3 metal grounds.

FIGURE 9. Fabricated antenna models. (a) Proposed trident inset-fed
antenna. (Inset photo is the backside of the antenna with the SMA port
and screws) (b) Proposed antenna in an anechoic chamber with
Styrofoam mount.

radiator size. However, to ensure a fair comparison, the key
parameters (d , m and t) for the non-inset trident design were
optimized to achieve the best possible impedance matching
(d = 5 mm, m = 6.85 mm and t = 17.1 mm). As noted
earlier, the inset-fed parameters r and q are essential in
achieving a wider impedance bandwidth, as they introduce
more reactance cancelling properties.

Fig. 5 shows the simulation comparison of the two antenna
types. As can be seen, the lower cutoff frequency for the
non-inset method is at 0.754 GHz for −10 dB S11, whereas
that of the inset method extends to 0.62 GHz. Although the
higher frequency cutoff for the non-inset is up to 8.9 GHz
as compared to 7.8 GHz for the inset method, it is lacking
significantly in the lower frequencies. This is a common
challenge for most metal-plate monopoles. The comparison
shows that the proposed trident inset method can improve
low-frequency impedance matching.

B. 3-D CONICAL GROUND
All the analysis performed on the antennas in Section II-A
were with the proposed conical ground. In this section,
the design and performance of the conical ground is com-
pared with those of square and circular ground plates, with
relatively similar physical dimensions.

FIGURE 10. Simulated and measured S11 of proposed antenna.

FIGURE 11. Simulated and measured antenna gain of proposed antenna
in x-y plane.

In most measurement chambers, a flat ground monopole
test antenna poses a challenge when mounting. Complex
mounting brackets are used to hold the suspending radiator
and the flat ground, to ensure stability during rotation. The
use of a conical ground (see Fig. 1a) simplifies the bracket
geometry, as the radiator is soldered and firmly screwed
to the ground while separated by the PCB, which rests on
the ground. The proposed design extends the ground as a
mounting bracket, which thenminimizes the combined length
of the antenna plus mounting bracket. The 3-D cone-shaped
ground is an all-metal design with a hollow back and a flat
top. The flat-top in Fig. 1a measures e = 25 mm with a
height G. The ground has a consistent thickness of 2.5 mm.

Fig. 6 shows the S11 simulationwhenG is varied from zero
to 35 mm (Fig. 1a). The base of the cone is kept at 100 mm
in diameter. It should be noted that at G = 0 mm, the ground
is the same as the flat circular ground shown in Fig. 1(b) with
2.5mm thickness. The graph shows that increasingG not only
improves the impedance performance across the entire band
but also widens the bandwidth at the lower frequencies.

Conversely, increasing the ground heights of the
flat-square and circular ground models (graph not shown)
results in very minimal changes in impedance matching.
The sharp 90 degree ends at the edges of the latter mod-
els increases edge-diffractions which renders any incre-
ment in their height (thickness) non-effective [13], [14].
At G = 35 mm, a bandwidth between 0.56 to 8.15 GHz
was achieved at −10 dB S11. This inexpensive method of
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FIGURE 12. Simulated and measured radiation patterns at 0.65 GHz for the proposed antenna.

FIGURE 13. Simulated and measured radiation patterns at 1.0 GHz for the proposed antenna.

increasing the impedance bandwidth is more efficient when
compared with the large (800 mm diameter) circular ground
in [7], which achieved a 0.47 GHz low-frequency cutoff. The
method is also superior to the 150 mm × 150 mm square
ground size in [2], which achieved a 1.5 GHz low-frequency
cutoff. Therefore, by a relative comparison of antenna size
and performance, the proposed structure achieved better
low-frequency impedance performance compared with [2]
and [7].

Fig. 7 shows the simulated S11 and realized gain results
for the proposed 3-D conical ground as well as an optimized
circular ground and a square metal ground geometry. The
key parameters (d, t, r and q) of the feed network were
rigorously optimized to obtain the widest possible impedance
bandwidth for a fair analysis and comparison. Fig. 1(b) shows
the trident inset monopole on a circular ground with 100 mm
diameter and 2.5 mm thickness. Using the same radiator
size of 61.2 mm × 75 mm, the trident parameters were
set to d = 4.8 mm, t = 16.7 mm, r = 3.1 mm and
q = 0.62 mm. A 100 mm × 100 mm square-shaped ground
shown in Fig. 1(c) was also designed with d = 5.0 mm,
t = 17.02 mm, r = 3.6 mm, q = 0.75 mm, and thick-
ness of 2.5 mm with the same radiator size. The circular

and square-shaped grounds showed similar impedance per-
formance with slight variations as shown in Fig. 7. Both
grounds obtained bandwidths of 180 MHz and 510 MHz
respectively at 1.1 GHz low frequency. The proposed design
has a consistently increasing gain (azimuthal plane) with little
fluctuations from 1.69 dBi to 7.94 dBi across the 0.5 GHz
to 8 GHz. The simulated gain for the circular ground was
from −4.9 dBi to 7.3 dBi. That of the square ground also
ranged from −4.7 dBi to 7.62 dBi. The circular and flat
grounds, however, show significant fluctuations in the gain
pattern at the mid and lower frequencies. This may be due
to their large radiator-to-ground electrical size ratio; which
ideally has to be kept small (larger ground size) in order
to achieve a consistent antenna gain result. The proposed
model outperformed the circular and square-shaped grounds,
although their ground sizes were relatively similar.

The operation of the conical ground is seen more clearly
in Fig. 8; with a surface current distribution at 4.5 GHz for
the circular-shaped flat and conical grounds. As shown, the
current distributes more strongly in the y-z plane, as expected
for both models because it is the principal E-plane. However,
for the mirror principle of monopole grounds [13] to work
effectively, an infinite ground model is required to evenly
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FIGURE 14. Simulated and measured radiation patterns at 2.0 GHz for the proposed antenna.

FIGURE 15. Simulated and measured radiation patterns at 4 GHz for the proposed antenna.

distribute the surface current; ensuring a good radiation pat-
tern and wide impedance bandwidth.

The cone’s low elevation angle of 43 degrees at
G = 35 mm results in a smooth tapered surface, that allows
for a more even current distribution on the surface than the
flat ground. From Fig. 8b, the conical ground has stronger
surface currents forming in the x-z plane and even current
distribution. The flat ground in Fig. 8a shows a higher concen-
tration of surface current in the E-plane (y-z) plane than the
x-z plane. As will be seen in the next section, this effect makes
the 3-D cone a more suitable candidate in tapering radiation
patterns for wideband monopole antennas. A summary of the
comparisons and optimized parameters are shown in Table 2.

III. MEASUREMENT RESULTS AND DISCUSSIONS
The proposed flat-top conical ground and trident inset-fed
radiator were fabricated, measured and analyzed. Fig. 8
shows the conical ground on which the printed radiator is
mounted. The ground was machined from a single aluminium
metal slab with four 2.6 mm mounting screw holes and a
4.1 mm center hole for a SubMiniature version A (SMA)
port. (see inset image of Fig. 9a) The square-flange SMA port
with an elongated Teflon receptacle fits into the center portion

of the ground, to which it was screwed. The excess Teflon
receptacle was cut away, revealing the SMA signal pin, which
was soldered to the center microstrip feedline of the trident
inset feed network. The fabricated ground was measured at
G = 35 mm, e = 25 mm with a base diameter of 100 mm.

Fig. 9b shows the proposed antenna in an anechoic cham-
ber for far-field measurement. The antenna was held in place
by a simple Styrofoam bracket. The lightweight of the alu-
minium ground, as well as the tapered nature of the cone,
ensured a strong fit into the Styrofoam groove. The antenna
weighed 96g.

Fig. 10 shows the simulated and measured S11 of the pro-
posed antennas. Whereas the simulated bandwidth operated
from 0.62 GHz to 7.7 GHz, the measured antenna operated
from 0.59 GHz to 8.15 GHz at −10 dB S11. This incon-
sistency may be attributed to unknown simulation errors in
the High-Frequency Structure Simulator (HFSS) simulator
and/or the modelling. This measured value brings the frac-
tional bandwidth of the proposed antenna to 173% and band-
width ratio to 13.8:1 (VSWR 1.92:1).

The measured antenna gain curve in Fig. 11 shows a
gradual increment of measured gain from 1.98 to 3.3 dBi
between 0.65 and 1.0 GHz. The curve shows a consistently

2598 VOLUME 9, 2021



P. A. Dzagbletey et al.: Ultra-Wideband Trident Inset-Fed Monopole Antenna With a 3-D Conical Ground

FIGURE 16. Simulated and measured radiation patterns at 6.0 GHz for the proposed antenna.

FIGURE 17. Simulated and measured radiation patterns at 8.0 GHz for the proposed antenna.

TABLE 3. Measured results & geometry comparison of various metal plate monopole antennas with proposed antenna.

measured gain from 1 to 5 GHz before increasing monotoni-
cally to 7.19 dBi at 8 GHz. The gradual increment from low
to high is very comparable with existing wideband antenna
systems since the radiator-to-ground ratio tends to reduce
as the frequency increases. Noting from the mirror principle
of monopoles, the electrical size of the ground increases as
the wavelength decreases; thus, enabling a higher reflection

which results in higher gain in the upper frequencies. The
simulated gain shows a slightly jig-sawed curve pattern but
is consistent with the measured results. Gain measurements
for frequencies below 0.65 GHz are not available because of
measurement facility constraints. However, the consistency in
the simulation and measured gain implies stable results above
1.0 dBi for frequencies below 0.65 GHz.
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A fundamental challenge this research sought to over-
come was the distorted radiation patterns that characterize
wideband monopole antennas. As noted earlier, previous
attempts to overcome this challenge with the use of flat metal
grounds have been successful at the expense of antenna size
and/or low frequency (< 1 GHz) impedance mismatching.
With the low-frequency problem solved using the trident inset
feeding method and conical ground, the radiation pattern is
also analyzed to verify the structure’s performance.

Figures 12 through to 17 show various polar-plotted sim-
ulated and measured radiation patterns of the proposed
antenna from 0.65 GHz to 8 GHz. All three principal
planes of the monopole are shown with both co-polarization
(E-Phi) and cross-polarization (E-Theta). For conventional
flat metal-ground monopoles, the azimuthal (x-y) plane
depends on the operating frequency as noted in [2]. The
azimuthal plane predominantly defines the omnidirectional
property of the monopole and as such dependent also on
the effectiveness of the ground plane in dissipating surface
currents. As can be seen in the polar plots, the x-y plane shows
a consistent oval-like shape with low cross-polarization.

The y-z and x-z planes also show conformal radiation pat-
terns of the monopole in the intended operating frequency
band. In Fig. 12, the 0.65 GHz, in particular, has a slightly
larger cross-polarization value than the other frequencies.
However, this will not affect the normal performance of the
monopole at this frequency due to the rather omnidirectional
co-polarization. A nearly consistent oval-shaped pattern is
observed in the x-y plane across the measured frequencies.
When compared with the simulation patterns, there is much
similarity in the curves, except for some curves in the x-z
planes of 0.65 GHz and 1 GHz. This can be attributed to
the rather small radiator size; being used to achieve this low-
frequency performance. The measured results are however
conformal. The doughnut shape of the y-z and x-z planes also
attest to the performance of the antenna.

Finally, the proposed antenna is compared with previously
reported metal plate monopole antennas, shown in Table 3.
Square-shaped metal grounds were used by [2] and [4]
whereas the others used circular-shaped metal grounds. The
proposed antenna demonstrates improved performance with
respect not only its size and operating bandwidth but also to
the stability of its antenna gain and radiation pattern. [6] for
instance achieved good radiation performance at a 3.1 GHz
low-frequency cut-off with a 25 mm (4 λ) diameter ground,
indicating that it will hypothetically require at least five times
its reported ground size to achieve impedance matching at
0.59 GHz. As noted earlier, recent research works such as
those reported in [3], [4] and [5] have focused on gain sta-
bility improvements with little considerations to improving
low-frequency performance without necessarily modifying
the ground geometry to achieve compact sizes. Arguably,
the bandwidth performance of the proposed design can be
attributed to the performance of the trident inset feeding
network, the 3-D conical ground and a rather compact radi-
ator size. All three components work together to ensure the

impedance bandwidth improvements and radiation patterns
as seen in the figures 12 through to 17.

IV. CONCLUSION
A printed monopole antenna with trident inset feeding,
mounted on a 3-D conical metal ground, has been proposed
and shown to achieve very wide impedance bandwidth with
stable gain. The smooth, slanting nature of the conical ground
demonstrates an even distribution of surface current on the
ground, which in turn enables a more omnidirectional radia-
tion pattern of the monopole across the operating bandwidth.
The combined techniques employed in achieving this perfor-
mance has not been previously reported in the present form
and will thus provide an invaluable resource in monopole
antenna impedance matching especially in the low frequen-
cies below 1 GHz. The trident inset method can also be
applied to other microstrip antennas to improve impedance
matching and better current distribution on a radiator.

The proposed design operates well from 0.59 to 8.15 GHz
(−10 dB S11) for antenna gain varying from 1.9 to 7.2 dBi.
The low-profile nature of the antenna makes it easy to fab-
ricate and its conical ground enables easy mounting with
minimal bracketing required. Although the antenna has a
relatively lightweight of 96 g, further work on the 3D conical
ground can be investigated to reduce the ground size by using
highly polished surfaces and/or metals with higher conduc-
tivity. These new materials can thus achieve higher slanting
angles with smaller size while maintaining the electrical per-
formance of the ground. The proposed antenna is currently
implemented and in use as a test antenna in a compact rever-
beration chamber for mobile and broadband communication
devices.
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