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This paper presents design, fabrication, and testing of a palm tree structured monopole antenna for wideband applications.
The proposed antenna has a wide impedance bandwidth (210 dB bandwidth) from 4 to 10.4 GHz. Palm tree antenna of
compact size 23 mm × 20 mm is designed and fabricated on an FR4 substrate of thickness 1.6 mm. To validate the
design, a mathematical relationship between the parameters of the palm tree geometry and the lower cut-off frequency
has been established. Parametric study has been carried out to obtain optimum wideband characteristics. The prototype is
experimentally validated for the band 4–10.4 GHz within ultra-wideband operations. Transfer function, impulse response
and Group delay has been plotted in order to address the time domain characteristics of the palm tree antenna with fidelity
factor values. The possible applications cover 5.2–5.8 GHz WLAN, C-band operations, 5.5 GHz WiMAX, and Wireless USB.
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I . I N T R O D U C T I O N

Ultra-wideband (UWB) was approved by the Federal
Communications Commission (FCC) for unlicensed operation
in the 3.1–10.6 GHz band [1]. The transmitted signal must
instantaneously occupy either a fractional bandwidth in excess
of 20% of the center frequency or in excess of 500 MHz of
absolute bandwidth to be classified as a UWB signal.

The prime issue in UWB communication systems is the
design of a compact antenna providing wideband character-
istics. In this regard, a number of planar monopoles with dif-
ferent structures like U-shaped, circular, elliptical, and
triangular patches have been reported. The reported several
shaped radiators have extended their study to enhance
characteristics of compactness, omni-directional radiation
pattern and wideband characteristics [2–12]. Other strategies
to improve the impedance bandwidth have also been investi-
gated [13, 14]. On the other hand, in [15–17], the designs have
complicated structures that lead to an increase in fabrication
costs, antenna size, and difficulty in integration with
microwave-integrated circuits. A mathematical relationship
has been established and presented for lower band-edge fre-
quency for all the regular shapes of printed monopole anten-
nas with various feed positions [18, 19].

In this paper, a new palm tree structured printed monopole
antenna is presented. First an ellipse was created and then it
was made to rotate about the origin with an angle of 158 to
obtain 19 elliptical structures over a widespread of 2708 in

the radiating plane and finally fused to form the palm tree geom-
etry which achieves a wideband performance, providing a
bandwidth from 4 to 10.4 GHz. The proposed antenna has a
low profile of 23 mm × 20 mm, and is one of the compact
antennas reported [2, 3, 6–9, 11–13, 20–26]. The antenna
can be used for Wireless Local Area Network (WLAN),
Worldwide interoperability for Microwave Access (WiMAX),
wireless USB, and C-band operations. In this work, complete
frequency-domain and time-domain analysis have been per-
formed for the proposed palm tree structured monopole
antenna. The proposed palm tree structured antenna is of
small and compact size with wideband from 4 to 10.4 GHz,
gain ranging from 2 to 5.9 dBi, group delay variation less than
0.25 ns and average fidelity factor of 0.77.

This paper consists of five sections. Section I briefs the
introduction, Section II deals with antenna design and config-
uration. Section III contains results and discussions, which
involves parametric study; Section IV is comparison of simu-
lated results and measured results and the time-domain ana-
lysis of the antenna. Section V concludes the work.

I I . A N T E N N A D E S I G N A N D
C O N F I G U R A T I O N

The proposed planar monopole antenna fed by a microstrip
line is shown in Fig. 1, which is printed on an FR4 substrate
of thickness 1.6 mm, permittivity of 4.3, and loss tangent
0.025. The basic palm tree monopole antenna structure consists
of a palm tree geometry (fusion of various rotated ellipses), a
microstrip feed line, and a ground plane. The prototype is con-
nected to a 50-V SubMiniature version A (SMA) connector.

Figure 1 shows the antenna schematic and is based on a
monopole design. The width of the microstrip feed W1 is
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fixed at 3 mm and the length of the microstrip feed L1 is fixed
at 15 mm, to match 50 V impedance and to achieve an
optimum bandwidth, respectively. The semi-major axis
length X and semi-minor axis length Y of the ellipse are 3
and 0.5 mm, respectively. The ground plane is provided
below the feed in the rear plane and the optimum length G
is 10 mm. The overall dimension L × W of the antenna is
23 mm × 20 mm.

f1 =
7.2

(l + r + p) × k
. (1)

Equation (1) is worked out for the planar monopole antennas
as referred in [15, 16]. In (1), fl is the lower band-edge fre-
quency in GHz, l is the height of the planar monopole
antenna in cm, which is taken same as that of an equivalent
cylindrical monopole and r in cm, the effective radius of the
equivalent cylindrical monopole antenna, which is deter-
mined by equating area of the planar and cylindrical mono-
pole antennas, p in cm is the distance between the ground
plane and the radiator and k is the factor which is having
similar significance as

������
(eeff )4

√
. The empirical value of k is

1.2758. The lower band-edge frequency for the palm tree
structured prototype in GHz is given as

f1 = 7.2
(1.194p(X + Y) + p) × k

. (2)

In Equation (2), X and Y are the length of semi-major and
semi-minor axis of the ellipses in the palm tree structure in
cm, respectively. For the proposed palm tree antenna (l + r)
term is related to (1.194p(X + Y )).

I I I . P A R A M E T R I C S T U D Y

In this section, the parameters of this proposed antenna are
studied by changing one parameter at a time and keeping
the other parameters unchanged. As the length L1 and
width W1 of the microstrip feed has been fixed for impedance
matching, the optimal parameters taken for the study are the
ground plane length G (in mm fixing X ¼ 3 mm, Y ¼ 0.5 mm,
and p ¼ 0.8 mm), the length of semi major axis X of the ellipse

(in mm keeping semi minor axis Y ¼ 0.5 mm), the number of
ellipses n and the variation of the angle theta of the ellipses
created over the 2708 in the radiating plane (fixing X ¼
3 mm, Y ¼ 0.5 mm, p ¼ 0.8 mm, and G ¼ 10 mm) in the
antenna structure. Figures 2 and 3 show the variations of
reflection coefficient for different values of G and the length
of semi-major axis X of the ellipse, respectively. In Fig. 2, it
is observed that when G is increased from 1 to 10 mm, the
bandwidth increases and the frequency shift occurs.
Therefore at G ¼ 10 mm an optimum bandwidth from 4 to
10.2 GHz has been obtained.

Table 1 lists various G and X values (in mm) swept to view
their effect on the fl lower band-edge frequency in GHz. In
Fig. 3, the length of semi-major axis X of the ellipse in the
palm tree structure is varied and is increased from 0.5 to
4 mm (keeping G as a constant 10 mm), the bandwidth
increases and the frequency shift occurs. Therefore at a semi-
major axis length X of 3 mm, a wide bandwidth from 4 to
10.2 GHz was obtained and semi-major axis length X of
3 mm was inferred as the optimum semi-major axis length.
As shown in Table 1 the parametric study for X is done, to
ensure that at X ¼ 3 mm, Y ¼ 0.5 mm, and p ¼ 0.8 mm, the
fl is equal to 4.05 GHz as per (2). It is also noted that for all
the other values of X, p varies as X increases, so as to satisfy
(2). In order to avoid the overlap of the ground and radiator,
the p value must be positive and X can take a maximum value
up to 3.343 mm for a fixed Y ¼ 0.5 mm and p ¼ 0.01 mm. If
there is overlap between the radiator and the ground, the value
of p becomes negative and a wideband cannot be achieved. For
example, when X ¼ 4 mm, the value of p is 21.98 mm as seen

Fig. 1. The palm tree antenna front and rear view.

Fig. 2. The reflection coefficient characteristics of various ground plane
distances G of the palm tree geometry (in mm).

Fig. 3. The reflection coefficient characteristics of various semi major axis
length X of the ellipse in the palm tree geometry (in mm).
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in Table 1 and it is verified that at X ¼ 4 mm there exists
ripples and a wideband is not achieved as shown in Fig. 3.

First an ellipse was created and then it was made to rotate
about the origin with an angle u of 458, 22.58, 158, and 7.58 to
obtain 7, 13, 19 and 37 elliptical structures, respectively, over a
widespread of 2708 in the radiating plane and finally fused to
form various palm tree geometries fixing X ¼ 3 mm, Y ¼
0.5 mm, p ¼ 0.8 mm, and G ¼ 10 mm. Figure 4 shows the
reflection coefficient characteristics of various u values (in
degrees) and number of ellipses in the palm tree geometry. In
Fig. 4, it is noted that for theta of 158 and for nineteen
number of ellipses in the palm tree geometry, the bandwidth
is achieved from 4 to 10.2 GHz. It is also observed that for
various number of ellipses and the variation of u in the palm
tree geometry over a wide spread of 270 degrees in the radiating
plane, the lower band-edge frequency fl remains the same at

4 GHz. The parametric study shown in Figs 2 and 3 corre-
sponds to n ¼ 19 elliptical structures. Therefore an ellipse
was created and then it was made to rotate about the origin
with an angle of 158 to obtain n ¼ 19 elliptical structures
over a widespread of 2708 in the radiating plane and finally
fused to form the palm tree geometry which achieves an
optimum wideband performance from 4 to 10.2 GHz.

I V . M E A S U R E D R E S U L T S A N D
D I S C U S S I O N S

Figure 5 shows the simulated and measured reflection coeffi-
cient (|S11|) characteristics. It is clearly seen that the palm tree
antenna has a wide impedance bandwidth (at 210 dB of |S11|)
from 4 to 10.2 GHz in simulated and in measured the band-
width (at 210 dB of |S11|) from 4 to 10.4 GHz was obtained.
From the simulated and measured reflection coefficient results
shown in Fig. 4 and from Table 1, the lower band-edge fre-
quency is fl ¼ 4 GHz, which agrees well with the calculated
value with the help of (2). Measured reflection coefficient
(|S11|) of the designed antenna matches reasonably with
the simulation results. In the measured results, there exists
some undulations which may be due to the limitations of
the SMA port used, fabrication tolerances and the small size
of the backing ground plane compared with the connected
cable which completely modifies the currents distribution
[25]. The measured reflection coefficient of the antenna has
been reduced, due to minute errors in the fabrication
process (cutting off edges of the palm tree geometry).

Figure 6 depicts the simulated and measured radiation
pattern of the aforementioned antenna in the xz-plane.
Figure 7 illustrates the gain and radiation efficiency variations
for various frequencies. It is noted that the gain ranges from
2 to 5.9 dBi and the radiation efficiency varies from 21 to
22 dB in the operating band from 4 to 10.4 GHz.

Table 1. Parametric study

Parameter Values (mm) fl (lower band-edge
frequency in GHz)

G (X ¼ 3 mm, Y ¼ 0.5 mm,
p ¼ 0.8 mm)

1 2.64

3.25 2.82
5.5 3.05
7.75 3.39

10 4.05
X, p (Y ¼ 0.5 mm, p varies

with X as p is the distance
between the radiator and
the Ground plane)

0.500, 3.800 7.39

1.375, 2.686 5.81
2.250, 2.150 4.53
3.000, 0.814 4.05
3.125, 0.735 3.94
4.000, 21.980 3.79

Fig. 4. The reflection coefficient characteristics of various theta values (in degrees) and number of ellipses in the palm tree geometry.
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Fig. 5. Simulated and measured reflection coefficient characteristics of the palm tree antenna.

Fig. 6. Simulated and measured radiation patterns (xz-plane) for the frequencies 7.5 and 10 GHz, respectively.
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UWB systems use narrow pulses of very short duration for
transmitting signals. Hence, the transfer function is crucial to
evaluate the proposed antenna performance for efficient
transmission of such pulses. By considering the antenna
system as a two-port network, the transmission scattering par-
ameter S21 of the antenna is plotted in simulation [27, 28].
Two antennas (transmitter and receiver) are placed with a
separation distance of 100 mm in a face-to-face and
side-to-side orientation for measuring the transmission
characteristics and the pulse handling capability of the pro-
posed antenna. Transmitter antenna functions as Port 1 and
Receiver antenna functions as Port 2. The transmission
characteristics between them is recorded and plotted. The
simulated magnitude and phase of the transmission scattering
parameter which indicates the antenna transfer function are
shown in Figs 8 and 9. The magnitude of the transfer function
should be frequency flat over the operation band. The magni-
tude plot of transfer function of the proposed antenna shows
that it is nearly flat over the operating band from 4 to
10.4 GHz. Similarly, the phase of transfer function /S21

should vary linearly over the operation band [27]. Transfer
function phase /S21 of the proposed antenna is perfectly
linear over the entire band. From the magnitude and phase
plots of the transfer function, the proposed antenna is suitable
for wideband pulse communications.

Furthermore, to measure the pulse handling capability of
the proposed palm tree structured antenna, time-domain

analysis was carried out with fidelity factor calculation using
(3). The Transmitter is excited by a Gaussian signal (3.1–
10.6 GHz) and the received signal is obtained. Transmitted
and received signals are shown in Fig. 10. The fidelity
factors in the case of face – face and side – side are obtained
as 0.7932 and 0.7133, respectively. The input pulse and the
received pulse of the antenna are shown in the same graph
so as to compare the input and received pulse shapes. From
Fig. 10, it can be seen that the received pulse almost preserves
the pulse shape of the excited input pulse. The normalization
is done in order to compare only the shape of the pulses, and
not their magnitude, as the received signal Rs is expected to be
much lower than the transmitted pulse Ts. The cross-
correlation between both signals is done at every point in
time and the maximum value is obtained as fidelity factor
when both pulses overlap [29] and is given by

Fidelity factor = max
∫+1

−1

T
_

s(t)R
_

s(t + t). (3)

Figure 11 illustrates the time-domain setup, where the trans-
mitter and receiver antenna are placed with a separation of
100 mm and “w” is the angle of rotation (in degrees) of the
receiver antenna. For various angles of rotation, the fidelity
factor was obtained and is tabulated in Table 2. From Table 2,
the average fidelity of 0.7716 is obtained, which is higher than
the commonly accepted minimum value of 0.5 [29].

Fig. 7. Gain (in dBi) and radiation efficiency (in dB) versus frequency (GHz).

Fig. 9. Phase of transfer function (/S21) (Plotted when two identical palm tree-shaped antennas (transmitter and receiver) are placed with a separation distance of
100 mm.).

Fig. 8. Magnitude of transfer function (|S21|) (Plotted when two identical
palm tree-shaped antennas (transmitter and receiver) are placed with a
separation distance of 100 mm.).
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Group delay is another important parameter to character-
ize the wideband antenna behavior, which measures the
degree of distortion of signal waveforms. The Group delay

graph of the palm tree antenna is illustrated in Fig. 12. It is
noted that the Group delay of the antenna is almost flat
over the entire operating band in the UWB frequency range.

Fig. 10. Transmitted and received signals with face – face and side – side orientations with fidelity factor of the proposed antenna.

Fig. 11. Transmitter and receiver antenna arrangement. (“w” is the angle of
rotation of the receiver antenna).

Table 2. Fidelity factor

F (degrees) 08 908 1808 2708
Fidelity factor 0.7932 0.7437 0.8160 0.7335

Fig. 12. Group delay of the palm tree antenna.
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The variation in time or delay of the frequency components
of the signal is ,0.25 ns for the entire operating band. It is
constant for all frequencies which shows that all frequency
components of the transmitted pulse remain intact, shows
the better performance of the proposed antenna in terms of
wideband characteristics compared with many other antennas
in the literature [20, 30]. Table 3 lists the performance
comparison of various prototypes. As seen in Table 3, the
proposed antenna is one of the compact antenna in compari-
son with other prototypes in the literature. The palm tree
structured antenna is of small and compact size with band-
width 6.4 GHz, gain ranging from 2 to 5.9 dBi, group delay
variation ,0.25 ns, and average fidelity factor of 0.77.

V . C O N C L U S I O N

This paper has been presented with a palm tree structured
monopole antenna for wideband applications. From the
results it is evident that the palm tree antenna has a wide
impedance bandwidth (at 210 dB of |S11|) from 4 to
10.4 GHz within the UWB frequency range. The designed
antenna has a low profile, simple configuration, and low
cost. Measured reflection coefficient (|S11|) and measured
radiation pattern of the designed antenna agree reasonably
well with the simulation results. The calculations by the math-
ematical expression established for the lower band-edge fre-
quency holds good and match with the simulated and
measured results. The design exhibits constant group delay,
flat transfer functions, and phase linearity. The time-domain
analysis shows that the proposed antenna can be a potential
candidate for wideband pulse communications.
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