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Design and Analysis of Slotted Triangular Uniplanar Antenna
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Abstract

In this paper, a uniplanar triangular antenna and a
uniplanar slotted triangular antenna is presented, both
demonstrating excellent reflection and radiation
characteristics. The proposed antenna designs achieve an
enhanced gain of 5.41dBi at 2.45 GHz, outperforming the
conventional Bow-Tie antenna while maintaining the
same footprint and eliminating the need for additional
matching networks. The slotted triangular antenna
incorporates strategically placed slot, which further
improve impedance matching and bandwidth. Antenna
offers an omnidirectional radiation pattern.
Comprehensive simulations confirm the superior
performance of these antennas in terms of gain, radiation
pattern, and VSWR, making them suitable for a wide
range of wireless communication applications.

Keywords : Bow-Tie antenna, Uniplanar antenna,
Omnidirectional antenna, Slotted antennas.

1. Introduction

The revolutionary growth of wireless communication
technologies caused the increased demand of miniaturized
antennas. The most accepted among them is microstrip
patch antenna due to its low profile and lightweight,
versatility, multiband applications, conformability and
ease of design [1]. There are various fields of applications
for microstrip antennas such as medical application,
satelite, and military applications [2-9]. Uniplanar patch
antennas are those antennas whose patch and ground are
on the same plane. These types of antennas are highly
demanded for on chip applications, with the advantage
that it can be fabricated in a single step process [10].
Bow-Tie antenna is a type of uniplanar patch antenna
having a butterfly structure in which both radiating
element and ground plane lie on the same surface [11 -13].
It consists of two triangular patches combined together
having a gap between them, in such a way that one patch
looks like the mirror image of the other. Conventional

Bow-Tie antenna provides an absolute gain of 2.7 dBi,
having bandwidth of 0.6 GHz [14].

In this paper, conventional Bow-Tie antenna is extended
to a novel design of triangular uniplanar antenna and
slotted uniplanar triangular patch antenna. In the first
proposed structure, two triangular patches are combined
in such a way that the bases face each other having a gap
between them. The feeding location, the gap, and the size
of the substrate affect the reflection and radiation
characteristics. Parametric analysis is carried out and
optimized for better antenna characteristics. An enhanced
gain of 3.31 dBi with a bandwidth of 0.8 GHz at 2.45
GHz is obtained for this configuration. The design is next
extended to a slotted uniplanar triangular antenna which
provides an enhanced gain of 4.39 dBi with a bandwidth
of 0.7 GHz at resonant frequency of 2.45 GHz.

2. Proposed Antennas

Conventional bowtie antenna is shown in Fig.1.

Figure 1: Layout of Conventional Bow-Tie antenna

Initially a triangular shaped bowtie antenna with a side
length (b) of 18 mm is implemented using ansys
electronic suite. The triangles are separated by a distance
(a) equal to 1 mm. The antenna is designed on FR4 epoxy
substrate having dielectric constant ɛr= 4.4, thickness =
1.6mm. The simulation results show that the bowtie
antenna provides a gain of 2.7 dBi and a bandwidth of 0.6



GHz (2.3 GHz to 2.9 GHz) at the resonant frequency. The
proposed structure of the triangular patch antenna, which
is the extended design of the Bow-Tie antenna, is given in
Fig.2. The antenna is modeled on the same substrate with
the same thickness, and an enhanced gain of 3.31 dBi is
observed at the 2.45 GHz. The improved design of the
uniplanar slotted triangular patch antenna is shown in
Fig.3. The antenna also has been designed on the same
substrate having the same thickness. An improved gain of
4.39 dBi is obtained at 2.45 GHz.

Figure 2: Triangular uniplanar antenna

Figure 3: Slotted triangular patch antenna

2.1 Comparison of the proposed antennas
with the existing ones
The comparison of the radiation characteristics and
reflection characteristics of the proposed designs with the
reference Bow-Tie antenna is given in table 1 and figure
4 respectively.

Type of antenna Gain
(dBi)

Bandwidth
(GHz)

Conventional
Bow-Tie

2.7 0.6

Triangular
coplanar antenna

3.31 0.8

Slotted triangular
coplanar antenna

4.39 0.5

Table 1: Comparison of the radiating characteristics

Figure 4: Simulated reflection characteristics of the
antennas

From the comparison results of the designed structures, it
can be inferred that better radiating and reflection
performance is obtained for the proposed structures.

3. Analysis of Proposed Design Structures
The radiating and reflection characteristics vary with the
variation in the gap between the ground and the radiating
element, and the feed location in the coplanar antenna
design. As the gap increases the resonant frequency also
gets increased and the gain gets enhanced. When the feed
location is moved away from the center position in figure
2 and figure 3 the gain gets enhanced again and the
resonant frequency also gets increased. In the design of
slotted triangular patch antennas, the size of the slot also
affects the characteristics.

3.1 Triangular Coplanar antenna
The variation of the gap between patches in the

coplanar design and the radiation characteristics is
analyzed in table 2.

Feed
gap

(mm)

Resonant
Frequency

(GHz)

Bandwidth

(GHz)

Gain

(dBi)

2 2.25 0.36 3.1

3 2.35 0.95 3.31

4 2.4 0.8 3.31

4.25 2.45 1.15 3.28

4.5 2.45 1.13 3.25

5 2.49 1.35 3.27

5.5 2.6 1.4 3.34

Table 2: Effect of the gap between the patches on the
radiation characteristics of the coplanar antenna

From the results, the optimum feed gap is chosen as
4.25mm. The feed location also has an effect on the
radiation characteristics, which is shown in table 3.



Table 3 : Effect of feed location in the radiation
characteristics of the antenna.

From the results, the optimum feed location for this
design is taken. The gain of the proposed structure and
the radiation pattern are shown in Fig.5. and Fig.6.

Figure 5: Gain of triangular coplanar antenna

Figure 6 : Radiation pattern of triangular coplanar
antenna

From the analysis of the radiating characteristics, the half
power beam width is found to be 600

3.2 Slotted triangular coplanar antenna
As an extension to the proposed design, a slotted coplanar
antenna is designed that provides an enhanced gain of
4.39dBi at frequency 2.45GHz. The radiation performance
is found to be affected by the gap between the radiating
element and the ground, the feed location, and also the
size of the slot. All the parameters varied to get the best

design. The analysis of the effects of various parameters
on the radiation performance is given in tables below.

Feed gap
(mm)

Resonant
frequency(GHz)

Bandwidth
(GHz)

Gain(dB)

1 2.34 0.45 4.47
1.5 2.45 0.50 4.39
2 2.51 0.60 4.58
2.5 2.52 0.65 4.34
3 2.7 0.50 4.44
4 2.8 0.25 4.24

Table 4: Effect of gap between the patches on the
radiation characteristics
From the analyzed results, the optimum gap between the
radiating element and the ground is taken as 1.5mm.

Feed
position

Resonant
frequency(GHz)

Bandwidth
(GHz)

Gain
(dB)

(0,0) 1.35 0.35 4.81
(0,3) 1.36 0.4 5.05
(0,9) 1.41 0.2 4.37
(0,18) 3.5 0.2 4.22
(0,25) 2.55 0.45 4.38
(0,31) 2.45 0.55 4.50

Table 5: Effect of feed position on the radiation
characteristics

From the analyzed simulation results, the optimum feed
position is taken as (0,31), that is the edge of the patch,
when the length of the side of the triangle is 62mm.

Slot size
(mm)

Resonant
frequency(GHz)

Bandwidth
(GHz)

Gain(dBi)

2 2.45 0.45 4.16
4 2.4 0.4 4.51
6 2.45 0.4 5.415
8 2.4 0.35 5.04

From the analyzed simulation results, an optimum slot
size of 6mm is chosen to get the best radiation
characteristics. The gain enhancement of 5.415 dBi at
frequency 2.45 is obtained for the final simulated
structure, which is far better than the conventional
uniplanar antennas. The bandwidth obtained is 0.4 GHz.
The radiation characteristics for the frequency 2.45GHz is
plotted below.

Feed
location

Resonant
frequency

(GHz)

Bandwidth

(GHz)

Gain

(dBi)

(0,0) 2.45 1.15 3.28

(0,4.25) 2.16 0.98 3.26

(0,8.5) 4.19 0.80 2.6

(0,19) 4.4 0.41 3



Figure 7: Gain of the proposed slotted triangular coplanar
antenna

Figure 8: Radiation Pattern of uniplanar slotted triangular
antenna.

4. Conclusion

In this study, we explored the Bow-Tie antenna and
extended its design to novel configurations: the triangular
uniplanar antenna and the slotted triangular antenna.
These new designs achieve a gain enhancement of more
than 3 dBi at the same operational frequency of 2.45 GHz.
Key parameters influencing the radiating and reflection
characteristics, such as patch dimensions, slot
configurations, and feed point location, were thoroughly
analyzed. The proposed designs offer a compact, efficient
solution with improved gain, suitable for a wide range of
wireless communication applications.
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