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Abstract
This article presents design and analysis of maple leaf shaped array antenna for high gain applications. The proposed antenna is
characterized and analyzed using ANSYS EM desktop 17. This antenna works at 2.17-2.54(S band),5.3-5.64, 6.91-7.80(C Band), 8.769.15(X band), 12.49-12.75, 14.78-16.65(Ku band). The bands of the proposed antenna has its applications at LTE 2.3 GHz, ISM 2.4
GHz, WLAN, ISM, Bluetooth at S-band and upper WLAN at C-band, Military applications and air traffic control at X-band. This single
antenna dimensioned 21x18x1.6 mm³ is later arrayed in 1x4. This antenna has peak gain at 7.8dB and the average gain of 4.2dB. The
proposed 1x4 array antenna is characterized and obtained return loss, gain, E field, current distribution and far field radiation patterns.
Keywords: Maple leaf, ANSYS EM desktop 17, return loss, gain, E field, current distribution, far field radiation patterns

1. Introduction
A single antenna can operate at multiple wireless standards have
accoutered an importance substance to meet the difficulty of
wireless device growth. By this impact, many various techniques
and antenna structures have been predicted by researchers
recognize multiple band applications with unique/different and
compacted structures [1]. The Ultra-Wide Band(UWB) systems
have succeeded in achieving importance in wireless
communications due to its un licensed wide impedance band
width. The technology of UWB has formed a basis for various
wireless communication systems. For the design of UWB antenna
with wide band width it should maintain higher gain and good
radiation efficiency. [1-2]. The higher gain antennas with directive
radiation features are important in various applications like high
speed moving target direction, coal mines, military etc. The
assemblage of radiating elements in an electrical and geometrical
configuration is defined as antenna array. antenna array gives high
gain and directive radiation pattern rather increasing the size of the
radiating element [2]. Antenna array is used to improve the overall
gain, give diversity reception, negate interference from particular
direction, regulates/determines the direction of arrival of signal
and maximizes the SNIR (Signal to Interference Plus Noise
Ratio). Array is most sensitive to appropriate direction [3]. The
antenna array performance is improved by increasing number of
elements in the array. Increase in the number of elements is in the
form of cost, size and the complexity increases. This is one of the
main drawback. To improve the performance of a communications
engineering system an array of antennas is used in different ways
[4]. A new technique based on the optimization of power
transmission between two antennas has been suggested for the
design of antenna arrays [5]. For attaining the improvement in
band width, we can increase the thickness of the substrate.
Antenna performance will be degraded with some limitation i.e.

height of the substrate. for the improvement of band width
impedance matching is a crucial role in the antenna performance.
Antenna arrays are primarily used in the communication systems
to transmit the signals with high gain [6]. The key problem for
UWB application is to improve the limited band width of the
printed antenna. Design of feeding network is one of the basic
issues in the design of array antenna [7]. As a result of high band
width, low profile and ease of integration coplanar waveguide fed
antennas got great consideration now a day. For the enhancement
of system performance circular polarization has become popular
[8]. Now days in communication systems to create communication
links antennas array plays a significant role. These patch antennas
are extensively used in wireless communication systems as a
result they have low profile, low cost and easy to fabricate and
integrate. For enhanced bandwidth and gain a variety of shapes are
designed [9]. The desired antenna for a particular system depends
upon the type of application, frequency, gain and so on. In most of
the applications, antennas such as planar antennas, microstrip
antennas, monopole antennas, dielectric resonators etc., are used
because of their low profile. These antennas have an extensive
application in mobile systems, WLAN, WiMAX with 3.5 GHz
band, ultra-wide band(UWB) with 3.1-10.6 GHz band [10-15]. In
this article array antenna is considered for multiband applications
and gain enhancement. Comparative analysis has been made for
the single element and Array element. The results such as return
loss, gain and radiation patterns etc have been discussed in the
subsequent sections.

2. Antenna design
The single element leaf shaped patch antenna is etched in the
shape of maple leaf on fr4 substrate. Fr4 substrate has dielectric
permittivity of Ɛr=4.4 and loss tangent of 0.02. For the reduction
of antenna size, we are considering the fr4 substrate. The
dimensions of the proposed antenna are viewed in tabel1.The
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bottom side of the substrate is layered with a partial conducting
ground plan. For the enhancement of band width there is a twostep change of width at patch feed interface, which has been
included and the partial ground plane is used. The single element
is formed into an array of elements as shown in the fig2 with
dimensions as shown in the table1. The designed antenna is
simulated by using HFSS tool. Here we are using the coplanar
wave guide as feed and we have given lumped port for the
practical existence. We consider the results of return loss,
radiation patterns and VSWR. The single element patch antenna
with associated feed is repeated and arranged linearly to from four
element linear array. This array structure contains two levels of
feeding which looks like a binomial tree. This structure uses three
T-junction power dividers. By using microstrip we design Tjunction power dividers to construct the antenna as a planar
structure rather than feeding multiple single element patch
antennas with external power dividers.

495
Table 1: Design Parameters of proposed Antenna (unit: mm)
Geometrical entity
Parametric values (mm)
Substrate
S1h= 21, S1w= 18,
S2h= 40, S2w= 75
Feed line

Leaf(Patch)

Circle

F1h= 8, F1w= 1, F2h= 10.5,
F2w= 1, F3h= 6.25, F3w=0.5,
F4= 18, F5=19
L1= 3.5, L2= 1.6, L3= 1.5,
L4= 5.5, L5= 4.0, L6= 4.35
Cir= 7, Cor= 7.5

3. Results and discussion
The antennas structures are designed and simulated in ANSYS
High Frequency Simulator (HFSS). The simulated results in terms
of return loss, radiation patterns, current distribution, E-field
distributing and Gain vs frequency with neat sketches are
discussed below. The simulated results of return loss
characteristics of single element antenna and 4 element antennas
shown in a combined plot for comparison. From the plot we can
say that the number of resonances in the antenna characteristics
becomes increasing when there is increase of the radiating
elements compared to single element. Array antenna will work at
multiple band frequencies which are shown in the table 4. The
single element working bands are also shown in the table 3. Here
we observed that the return loss characteristics of both single
element and four element array antennas. From this we say that
the proposed antenna is used for military applications, WLAN,
WiMAX band applications. The four-element array antenna work
under the bands i.e.; S band, C band, X band and Ku band.

Fig. 1: Design of Single Element Leaf Shaped Patch Antenna.

Fig. 2: Structure of proposed Four-Element(1x4) Array Antenna.

Fig. 3: Simulated Return Loss characteristics of Single element and Four
element array antenna.

Frequency
Range (GHz)
2.6 – 2.85
9.4 – 10.16

Table 2: For single element
Working Band

Band width

S Band

0.25 GHz

X Band

0.76 GHz
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Frequency
Range (GHz)
2.17 – 2.54

Table 3: For 1x4 Array antenna
Working Band

Band width

S Band

0.4 GHz

5.30 – 5.64

C Band

0.34 GHz

6.91 – 7.80

C Band

0.89 GHz

8.76 – 9.15

X Band

0.39 GHz

12.49 – 12.75

Ku Band

0.26 GHz

14.78 – 16.65

Ku Band

1.87 GHz

The far field characteristics of the single element antenna and four
element array antennas are given at different resonant frequencies
within the ultra-wide band. Radiation pattern performs a crucial
role to assess the gain and far field distribution of the antenna. The
proposed antenna radiation characteristics in both E plane and H
plane. The far field pattern of an antenna is determined
experimentally at an antenna range. The far filed radiation pattern
can also be calculated from the antenna shape by using HFSS.
From the radiation pattern we can describe the power patterns.
From below figures we asses that the radiation patterns occur at
different frequencies i.e. 2.3 GHz,2.8 GHz,5.5 GHz. From the
replicated radiation patterns, we say that at 2.3 frequency at E
field we get the dipole shaped pattern and at H field we get the
omni directional pattern. At 2.8 there is a change in the shape and
we get the E and H field distribution some what change. At last at
5.5 we there is tilt in the shape of the pattern. Here the 3D
radiation plots are also replicated at different frequencies i.e.;
4.5GHz,4.46GHz, 5.7GHz, 8.17 GHz. We can observe the change
in the radiation patterns at each frequency.

(c) At 5.5 GHz
Fig. 4: 2D Radiation patterns (E-plane and H-plane) of Four-element array
antenna.

(a) At 4.5 GHz

(a) At 2.3 GHz
(b) At 8.17 GHz

(b) At 2.8 GHz

(c) At 4.46 GHz
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(d) At 7.5 GHz
Fig. 5: 3D Radiation patterns (E-plane and H-plane) of Four-element array
antenna.

(b) At 12.6 GHz

The simulated results of the proposed antenna for gain versus
frequency are shown below in the plot. Here we can observe the
plot for the single element antenna gain is below 2.5. when we
consider for four elements array we declare that that the gain is
maximum and it reaches till 7.5. from this we say that for an array
antenna the gain is improved.

(c) At 15.2 GHz
Fig. 7: Current distributions at respective frequency.

Fig. 6: Simulated results of gain and frequency.

(a) At 7.2 GHz

(a) At 7.2 GHz
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(b) At 12.6 GHz
Fig. 10: parametric study when varying the length of the ground.

4. Conclusion
The single maple leaf shaped antenna is suitable for LTE 2500
applications and the peak gain is 1.99 dB and later it is converted
into 1x4 array antenna which is suitable for LTE 2300, LTE 2500,
lower WLAN, upper WLAN, and Military applications and the
peak gain is 7.8 dB. The four-element antenna is analyzed using
HFSS tool and it shows that by increasing the radiating elements
the improved characteristics has been noticed in antenna
parameters especially in Gain 1.99dB-7. 8dB.The proposed
antenna has many applications in the ultrawideband region. The
analyzed results shown good agreement for bandwidth and gain
enhancements
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