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Abstract—This paper proposes the improvement of planar
oval monopole antenna radiation characteristics by incorporat-
ing an oval-slot and arc-slits upon its radiating patch. The oval
shape of the patch was obtained theoretically by determining a
triangle-to-oval formula. A modification on the radiating patch
by involving an oval slot geometrically scaled down from its
dimensions is proposed to enhance the radiation characteristics.
Moreover, two pairs of arc slits are also embedded into the patch
for the enhancement. The modification stage is carried out
through simulations in which experimental characterizations
are used to validate the final configuration. The characterization
is performed in an anechoic chamber in the frequency range
of 1-20 GHz. The characterization results show that the
incorporation of oval-slot and arc-slits into the radiating patch
produces a reflection coefficient (S;;) of around 34.78% for
Si1 value between —-10 dB to -20 dB. The proposed antenna
configuration works at the frequency band of 1.38-20 GHz
with two rejection bands of around the frequency ranges of
1.95-3.47 GHz and 9.08-9.55 GHz. The radiation patterns
are measured at the frequencies of 5.66 GHz, 8.03 GHz, and
13.54 GHz to analyze the effect of improvement due to the
modification. Furthermore, investigations on the distribution of
surface current are also performed to determine the potency of
modification offered for future developments.

Index Terms—arc-slits; planar oval monopole antenna; oval-
slot; radiation characteristics.

I. INTRODUCTION

In the last decade, research on techniques for bandwidth
widening of planar monopole antennas and improving char-
acteristics performance is still becoming a hot issue in the
antenna development of wideband or ultra-wideband (UWB)
and other broadband antenna topics. Many researchers have
investigated several techniques used in their reports [1]-{11].
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Some of them applied unique techniques to the antenna
structure using slot, slit, and fractal approach [1]-[3]. The
use of slots and/or slits with specific configurations upon the
radiating patch of antenna was one of the techniques which
affect the bandwidth response and radiation characteristic
[1]-[2]. The combination of oval-shaped slots and a pair
of slits incorporated into a planar monopole patch antenna
was introduced [2]. This research has proposed two types
of slits, namely rectangular slits and semi-circular slits. The
configurations which use semi-circular slits could provide
better bandwidth response than the rectangular ones at the
frequency range of 2.96-18 GHz.

The rectangular path slits have also been incorporated into
radiating patch and groundplane [4], so that the antenna
worked at the frequency band of 3.02-13.86 GHz with two
rejection bands of around the frequency ranges of 3.38-4.31
GHz and 5.1-5.95 GHz. It is inferred that the role of slit
was also identified to enhance the characteristics, as well
as the performance of antenna. In [5], a cross-shaped slit
was suggested to be engraved on a planar monopole antenna
with a circular patch. However, in the frequency range of 2—
7 GHz, the use of cross-slit was unsatisfactory as it causes a
deterioration in its performance. Meanwhile, the exploration
on slits and slots for UWB antennas has been reported [6]. In
fact, the overall configuration was similar to what was carried
out in [4], however there was a groundplane involved in the
design. The bandwidth response of the configuration was at
the frequency range of 2.89-17.83 GHz with two rejection
bands of around the frequency ranges of 3.47-4.33 GHz and
5.11-5.94 GHz.
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In line with the effect of adding rectangular slits on the
planar monopole of the antenna, the works reported in [7]—
[9] have shown that pairs of slits attached to the sides of the
radiating patch could exert a constructive influence, in this
case the reflection coefficient (S;) performance, with proper
consideration. The use of large slots on planar monopole
antennas with oval shape of patches has also been proposed
[10]. Despite unusual configuration regarding the connection
between the patch and the groundplane, the proposed antenna
was capable to operate at the UWB range. Furthermore, the
involvements of egg-like or oval shape of patch have also
been explored [11]-[14]. In [11]-[12], a spline interpolation
of three vertices of an isosceles triangle was used to form an
egg-like or oval shape. Meanwhile, a mathematical approach
has been implemented to determine the degree of patch
ovality [13]-[14]. These four configurations were reported
to cover UWB applications.

This paper proposes the improvement of radiation charac-
teristics for a planar oval monopole antenna by incorporating
an oval-slot and a pair of arc-slits upon its radiating patch.
In the previous achievement [14], the value of S;; in the
frequency range of 10-15 GHz was dominated by the range
values of —10 dB to —15 dB. To simplify the slot shape,
a geometrically scaled down of the radiating patch of the
planar oval monopole antenna is used. The proposed pair of
slits used for the enhancement takes the form of an arc. Sev-
eral attempts to improve the characteristics performance by
varying each parameter used for oval-slot and arc-slits will be
described. Radiation characteristics of the proposed antenna,
i.e., Sy1, will be compared with the previous achievement.
The measured radiation patterns will also be presented and
discussed. In addition, a simulation investigation is carried
out to observe the changes in the surface current distribution
for the modified radiating patch.

II. ANTENNA CONFIGURATION

The proposed antenna is designed on a 49.6 mm x 39
mm X 1.57 mm size RT/duroid 5880, which has the relative
permittivity of 2.2 and the dielectric loss of 0.0009. As
illustrated in Fig. 1, there are two configurations of antenna
model used for the investigation. The first model, i.e., Model
I, is the original configuration used as a reference [14], and
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Fig. 1. Antenna configurations for Model I and Model II (dimensions are

in millimeter (mm) unit).
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the second one, i.e., Model II, is a proposed configuration
with the addition of oval-slot and two pairs of arc-slits. Both
models use the same oval patch which was obtained from a
triangle-to-oval geometry using k = 0.06 and equipped with
an identical feeding line and a partial groundplane [14]. The
radiating patch on Model 1II is featured by an oval-slot built
from the scaled down patch and placed concentrically upon
the radiating patch. Two pairs of arc-slits are arranged in
such a way in which each arc-slit has the arc radius of ry
and rp, the arc angle of a; and ay, and the slit width of w;
and wy, respectively.

The measured result of Model I, obtained from the previ-
ous achievement [14], is used as a reference for how much
the radiation characteristics can be enhanced. To determine
the scale of an oval slot, simulations are carried out by
varying the scaling down value. Fig. 2 plots the results
of 30%, 40%, and 50% scaling values compared to the
measured results of Model I. These results show that the

0
-10
5-20
3 V
" 30
—Measured Model |
-40 Slot size 30% patcl|
—Slot size 40% patch
50 —Slot size 50% patch
0 5 10 15 20
Frequency (GHz)

Fig. 2. Comparison of Sj; value between measured result of Model I and
simulated result of proposed antenna with varied slot size.
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Fig. 3. Comparison of S;; value for proposed antenna with varied radius
of first arc-slits pair (rp).
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Fig. 4. Comparison of Sy; value for proposed antenna with varied angle
of first arc slits pair (a).
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Fig. 5. Comparison of S; value for proposed antenna with varied width
of first arc-slits pair (wy).

required scaling value to create the oval-slot incorporated
into the radiating patch of the planar oval monopole antenna
is 40%. The same approach is also used to determine the
radius of the first arc-slits (ry). The alterations are carried
out by observing changes in the response of S;; to r; at the
values of 10, 12, 14, and 16 mm. The simulated results are
depicted in Fig. 3, whereby the r; value of 12 mm is chosen.
This value is based on the S;; value in the frequency range
of 10-15 GHz, which is better than the other ones.

As shown in Fig. 4, the variation of @, value is simulated
with a magnitude of 61°, 63°, 65°, and 67°. The a; value of
61° is taken as it has a minimum S;; value at the frequency
of 13.26 GHz, which is —49.84 dB, lower than the others.
The next characterization is performed by changing the value
of wy, where the results are plotted in Fig. 5. It shows that
a slight change of w; insignificantly affects the S;; value.
Here, the consideration is taken for the accuracy of antenna
fabrication, so 0.3 mm is chosen as the value of wy.
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Fig. 6. Comparison of S;; value for proposed antenna with varied radius
of second arc-slits pair (r7).
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Fig. 7. Comparison of S;; value for proposed antenna with varied angle
of second arc-slits pair (ay).

The characterization also applies for various radius values
of the second arc-slits. From the results shown in Fig. 6, by
taking into account a balanced performance of S;; value, the
value of r, is 21 mm. Furthermore, the simulated results for
varied value of a, is depicted in Fig. 7. From the previous
result in varying a; values at 60°, 62°, 64°, and 66°, there are
more visible changes in determining the value of a;. Some
minima that approach or exceed —30 dB appeared, especially
at the a, value of 64°, occur at the frequencies of 8.03 GHz,
13.54 GHz, 17.25 GHz, and 19.53 GHz.

The results show that the oval-slot has a dominant effect on
the S;; value at the frequency range below 8 GHz, although
there is a slight change in other frequency ranges. By using a
40% scaling value, the proposed antenna is advantageous to
the characteristics as it also produces preferable S;; values
at the frequencies of 8.03 GHz and 13.16 GHz. The minor
changes in the Si; value occur when the w; value changes.
By changing the radius of arc-slits for both radiuses, i.e., r



and r,, fluctuations in the S;; value are more likely to be
at the minima previously obtained in the frequency ranges
above 14 GHz. The most dominant change in the S;; value
which apart from the change in oval-slot size occurs when
the arc-slit angles are changed.

IIT. RESULTS AND DISCUSSION

Based on the results explained in the previous section, the
proposed antenna is fabricated and experimentally character-
ized in an anechoic chamber, as depicted in Fig. 8. The com-
parison of Sy; value between the measured result for Model I
and Model II and the simulated result for Model II is plotted
in Fig. 9. The results show some discrepancies between
the simulation and the measurement. These discrepancies
occurred as the simulation was performed at a constant
value of relative permittivity and dielectric loss. However,
the pattern of the S;; value remains well predictable. The
measured result for Model I has a very wide single-band from
the frequency of 3.06 GHz to 20 GHz. Whilst the measured
result for Model II works at the frequency range of 1.38—
20 GHz with two rejection bands of around the frequency
ranges of 1.95-3.47 GHz and 9.08-9.55 GHz.
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Fig. 8. Photograph of fabricated antennas for Model I (left) and Model II
(right), and its experimental characterization setup in an anechoic chamber.
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Fig. 9. Comparison of S;; value between antenna Model I and Model II.
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Furthermore, the measured results for Model I show that
the minima which exceed —20 dB occur at the frequencies
of 5.75 GHz, 8.13 GHz, and 18.10 GHz with the S;; values
of -30.54 dB, -21.28 dB, and -20.92 dB, respectively. On
the other hand, the measured results for Model II have a
minimum S;; value that exceeds —20 dB at the frequencies
of 1.86 GHz, 5.66 GHz, 8.03 GHz, 13.54 GHz, 16.96 GHz,
and 18.67 GHz, which are -20.89 dB, -37.45 dB, -36.75
dB, -38.59 dB, —31.36 dB, and -29.15 dB, respectively. In
Model I, the distribution of the minima, which has the Sy
value less than —20 dB from the overall S;; value and less
than —10 dB, is around 12.35%. Meanwhile, the distribution
of the minima in Model II reached around 34.78%.

—| Meas. Azim. 5.66 GHz
=—|| Meas. Azim. 5.66 GHz
++++| Sim. Azim. 5.66 GHz
«++<|| Sim. Azim. 5.66 GHz

| Meas. Elev. 5.66 GHz
=—|| Meas. Elev. 5.66 GHz

| Sim. Elev. 5.66 GHz
«+=«|l Sim. Elev. 5.66 GHz

180° 180°
—| Meas. Azim. 8.03 GHz | Meas. Elev. 8.03 GHz
=I|| Meas. Azim. 8.03 GHz =—I|| Meas. Elev. 8.03 GHz
++«+| Sim. Azim. 8.03 GHz | Sim. Elev. 8.03 GHz
«=«+|1 Sim. Azim. 8.03 GHz «+«+|| Sim. Elev. 8.03 GHz

180°
| Meas. Elev. 13.54 GHz
—|| Meas. Elev. 13.54 GHz
| Sim. Elev. 13.54 GHz
«+++Il Sim. Elev. 13.54 GHz

=—| Meas. Azim. 13.54 GHz
—|| Meas. Azim. 13.54 GHz
«++] Sim. Azim. 13.54 GHz
++++1l Sim. Azim. 13.54 GHz
(c)

Fig. 10. Normalized measured radiation patterns for Model I and Model II
at frequencies of (a) 5.66 GHz, (b) 8.03 GHz, and (c) 13.54 GHz, left is
azimuth plane, and right is elevation plane.
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Fig. 11. Surface current distribution for Model I (top) and Model II (bottom) at frequencies of 5.66 GHz, 8.03 GHz, and 13.54 GHz.

Fig. 10 depicts the normalized measured radiation patterns
for Model I and Model II in the azimuth and elevation planes
taken at the frequencies of 5.66 GHz, 8.03 GHz, and 13.54
GHz. These frequencies were chosen as both models have
nearly aligned the minima in their S;; values. The simulated
radiation patterns for both models are also depicted together
as comparison. It is seen that both models on the simulation
and measurement results agreed well. Moreover, the main
focus of discussion on the radiation patterns is to compare
the measurement results for the two models.

As shown in Fig. 10 (a), Model I and Model II have the
same maximum radiation orientation in the azimuth plane
at the frequency of 5.66 GHz, which is at the angle of
140°. In the azimuth plane, the average of difference at
each angle for Model I and Model II is 1.92 dB, with the
maximum difference of 3.85 dB occurred at the angle of —
125°. While in the elevation plane, the maximum radiation
orientation for Model I and Model II is achieved at the angles
of 175° and 15°, respectively. The average of difference from
the measurement results at each angle is 1.62 dB with the
maximum difference of 5.22 dB occurred at the angle of
175°. Thus, Model II can reduce the backlobe in the elevation
plane at the angle of 175° and changes its maximum radiation
orientation at the angle of 15°.

At the frequency of 8.03 GHz shown in Fig. 10 (b), a shift
in the direction of maximum radiation occurs in the azimuth
plane. Model I has the maximum radiation orientation at the
angle of 60° and at the angle of —90° for Model II. The
average of difference between both models is 1.49 dB, and
the maximum difference of 5.24 dB occurred at the angle
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of 20°. Meanwhile, at the elevation plane, there is also a
shift in the direction of the maximum radiation orientation.
Model I has the maximum radiation orientation at the angle
of —140°, while Model II is at the angle of —150°. In the
elevation plane, both models have the average of difference
at each angle of 2.57 dB. The maximum radiation orientation
at each angle is 7.80 dB which occurs at the angle of 5°.

Furthermore, at the frequency of 13.54 GHz shown in
Fig. 10 (c), Model I produces the maximum radiation at the
angle of 175° in the azimuth plane, while Model II is at the
angle of 135°. The average of difference in radiation pattern
between Model I and Model I is 1.69 dB, with the maximum
difference of 5.50 dB occurred in the angle of —165°. In the
elevation plane, the maximum radiation orientation for Model
I and Model II are at the angles of 50° and 60°, respectively.
Model I and Model II have the average of difference of 2.80
dB. The biggest difference occurs in the orientation of —20°
which is 10.13 dB.

The investigation of surface current distribution on the
proposed antenna is carried out through simulation. Fig. 11
depicts the investigation results at three frequencies used
in the radiation pattern measurements, namely 5.66 GHz,
8.03 GHz, and 13.54 GHz for Model I and Model II. For
Model I, the frequencies of 5.66 GHz, 8.03 GHz, and 13.54
GHz have maximum surface current values of 155.07 A/m,
140.76 A/m, and 115.88 A/m, respectively. Whilst for Model
I, it produces maximum surface currents of 161.33 A/m,
139.65 A/m, and 127.68 A/m, respectively. It shows that
the proposed antenna, i.e., Model II, slightly decreases by
1.11 A/m, in terms of its maximum surface current, at the



frequency of 8.03 GHz. However, at the frequencies of 5.66
GHz and 13.54 GHz, the surface current increases up to 6.26
A/m and 11.80 A/m, respectively. It can be inferred that the
proposed modification yielded a significant improvements at
those frequencies. Therefore, this technique is beneficial for
further development to attain an improved characteristic on
the overall working bandwidth.

In addition, the incorporation of two pairs of arc-slits on
the radiating patch affects the overall capacitive properties
of antenna. The incorporation also provides enhancement in
the impedance matching. Whilst the addition of oval-slot
positively contributes to the improvement of S;; response.
In overall, the proposed modification affects in a more
slender radiation pattern, except for the elevation plane at
the frequency of 13.54 GHz, which means the proposed
antenna has better directionality. From the observation of
surface current distribution, the proposed modification also
promises for further developments in the future, which can
be explored to achieve an even better S|; response over the
entire frequency ranges or to perform a desirable notch-band.

IV. CONCLUSION

The radiation characteristic improvement of planar oval
monopole antenna by incorporating an oval-slot and two
pairs of arc-slits upon its radiating patch has been presented.
A series of processes performed on the proposed antenna,
which was modified from the reference, i.e., Model I, showed
that the incorporation of an oval-slot and two pairs of arc-slits
upon the radiating patch of planar oval monopole antenna,
i.e., Model II, has shown a significant improvement in the
S11 value. Although there were rejection bands, the proposed
modification has improved the radiation characteristics of
antenna. The proposed modification has also enhanced the
achievement of S;; response at the frequency range above
10 GHz. Meanwhile, the incorporation of an oval-slot and
two pairs of arc-slits upon the radiating patch has provided
a more directive radiation pattern at two of three selected
frequencies, namely 5.66 GHz and 8.03 GHz. In addition,
on the investigation of surface current distribution, Model II
could significantly improve maximum surface current at the
frequencies of 5.66 GHz and 13.54 GHz.
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