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Abstract: Wireless communication and embedded technology have shown rapid growth in last decade. An E-shaped slotted tri-band
antenna is designed, analyzed, and proposed in this paper. The developed antenna operates for 2.4GHz, 3.5GHz and 5GHz frequencies
having impedance bandwidths of 7.17%, 5.71% and 12% with an acceptable gain of 4.25dBi, 3.51dBi and 1.90dBi respectively. The
efficiency for aforementioned frequencies are 74%, 75% and 80% respectively. The developed antenna utilizes FR4 as a substrate
material. The presented structure is fabricated to receive the actual output parameters. There is a neighboring correlation between the
software generated results and measured results. The additional vertical slots with E-shape slot offer desired return loss with optimum
bandwidth for targeted resonating modes. The characteristics such as omnidirectional radiation pattern, moderate gain and adequate
efficiency make the antenna an appropriate candidate for ISM band, WiMAX and WLAN applications.
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1. Introduction
The embedded system and wireless communication

technology need effective radiating structure with modifi-
cations to target specific applications. Before two decades,
microstrip antenna was the first choice for any researcher
to design and develop an antenna because of its advantages
such as lower volume, light weight, cost effectiveness,
compact in size and easy for fabrication [1]. Apart from
these advantages, it also offers circular-dual polarization
and dual band frequency operations. Despite of many
advantages, microstrip antenna is struggling for achieving
adequate bandwidth. Various solutions for these drawbacks
were reported in literature such as use of parasitic patch
and thick substrate [2]. However, application of these geo-
metrical changes results co-planar and stack configurations.
Now, stacked geometry creates hurdle against the basic
advantages of microstrip antenna such as easy of fabrication
and low profile. Also, co-planner structure significantly
increase the lateral antenna size [3]. After applying mul-
tiple structural changes, a unique method of etching a
slot on the patch surface has been reported to achieve
the optimum impedance bandwidth. Concentrating on this,
the researchers have analysed the behaviour U-shaped slot
antennas [4]. By creating U-shaped slot, the structure gave
balanced radiation pattern and steady polarization. The

literature also reports that ring shaped slots could elimi-
nate the unwanted harmonics from return loss graph [5].
Optimum gain could not be observed from the radiating
structure if it radiates for various undesired frequency
bands. In such situation, it is extremely important to supress
the uninvited harmonics. The afore mentioned reference
paper presented this harmonic suppression very diligently.
Adoption of various shaped slots, slot pairs and closed loop
slots provides adequate response for key antenna parameters
such as wide impedance bandwidth, undesired harmonic
suppression, stable and Omni directional radiation pattern
and moderate gain. Such kind of slot antenna performance is
presented in [6], where octa star slot was created on the top
surface of radiating element. Due to this, wide bandwidth,
conical radiation pattern and flat gain could be received
from radiating structure. Similarly, wideband conical shaped
slot antenna was designed and presented in [7]. The claimed
antenna showed wide bandwidth from 600 MHz to 4 GHz.
An open slot, etched from radiating surface, could offer
circular polarization with desired gain and adequate band-
width [8]. In this structure, the slot antenna was energized
using a microstrip line feed and both were positioned at the
end of ground plane which makes antenna asymmetrical.
Furthermore, the slot antenna could also contributes in dual
polarization achievement. In [9] - [10], the concept of arrays
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of slot antenna is introduced to achieve dual polarization for
5G smart phone applications and mobile communications
respectively. Slot antennas have proven their applicability
for noteworthy applications such as wearable antennas and
implantable antennas. A slot antenna using circular ring was
proposed with electromagnetic band gap structure for the
application of mobile body area network [11]. The size of
this structure is miniaturised based on the equivalent circuit
model. Likewise in [12], implantable flexible slot geometry
is discussed and analysed for biomedical usage. In [13], new
technique has been discussed to increase the bandwidth in
slot antennas.

After concluding the literature survey of single and dual
band slot antenna, the authors have studied and presented
triple band oriented slot antennas. These research depict the
various slot antenna shapes and response parameters. Table
1 illustrates the potential of claimed antenna with reference
to the other similar type of triple band antenna structures.
The comparison is presented based on antenna parameters
such as frequency bands, bandwidth, overall size, gain op-
timization, and substrate material. The comparison appears
more interesting and essential because of similar kind of
structures

The close observation says in [14], triple band slot an-
tenna was designed for Wi-Fi, Wireless for radio frequency
access and mobile limited area network applications. How-
ever, the band width and gain is not promising. Few research
papers [15],[16],[17],[18] were reported where, significant
gain and bandwidth were optimized by compromising the
antenna size. Such type of structures could not be embedded
in a compact size communication devices. It is always
an interesting task for the researcher to receive optimal
parameters with size miniaturization. In [19], though the
antenna is radiating for triple band with good bandwidth
and gain, it contains large size and utilizes Arlon material
as a substrate which is not easily available in the market.
Compact size, triband slot antenna was claimed in [20]
with positive gain. However, the bandwidth is too narrow
to cover possible applications. The proposed structures of
[21],[22],[23],[24] large size slot antennas were presented
for optimal response. In these antennas, Roger RT/duroid
5880, Rogers RO4003 and other material were used having
relative permittivity of 3.5. Such kind of materials are
very expensive which may significantly rise the antenna
production cost.

Here, an E- shaped slot antenna with two extra vertical
slots is systematically demonstrated, analysed, fabricated
and presented. In the section of antenna geometry, the
prototype is depicted from top and side view. This section
is followed by parametric study section where the antenna
performance is examined by all possible parametric vari-
ations. In the successive section, the brief discussion is
included on simulated and measured results. Also, the far-
field radiative response from an antenna for Electric-field
ϕ = 0◦ and Magnetic-field ϕ = 90◦ are discussed in this

section to verify antenna behaviour. Finally, the presented
research is concluded in the last phase of paper.

2. ANTENNA GEOMETRY
The Fig. 1 shows E shaped slot antenna development

with vertical slots. The figure 1 (a) depicts top view of
the same where patch, substrate and feeding geometry are
visible. Also, how the SMA connector should be shouldered
with the feed is shown.

Figure 1. Proposed antenna prototype

The figure 1 (b) illustrates the side view of an antenna
where various layers of an antenna are displayed.The fig. 2
depicts dimensional diagram of antenna. All antenna dimen-
sions are finalized to get optimum impedance bandwidth.
The width and length dimensions of two vertical slots are
fixed to obtain antenna response for multiple resonance. The
literature says, dominating factors which could affect the
antenna performance are dimensions of La and Wa [25],[26]
.The external slot dimensions are equally important for the
same. The antenna response could be further improved by
using arrays of slot designs [27],[28],[29].
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TABLE I. COMPARISON OF DEVELOPED ANTENNA WITH OTHER REFERENCES

Reference Center Operational Physical Gain Substrate
No. frequency(GHz) bandwidth size (mm3) (dBi) material
[14] 2.4,3.5,5 1.20,3.20,17.50 35 × 19 × 1.6 1.1,2.3,3.1 FR4
[15] 2.47,3.42,5.95 34.6,19.4,16.9 54 × 55 × 1.6 4.03,4.75,6.21 FR4
[16] 3.75,5.98,8.79 8.25,4.52,3.53 60 × 60 × 1.6 6.40,7.52,7.32 FR4
[17] 0.9,1.8,2.4 1.5,1.2,0.9 80 × 86 × 1.6 8.79,5.86,7.93 —
[18] 2.4,3.5,9 32,10,12 40 × 40 × 0.8 — FR4
[19] 1.6,1.9,3.8 8,6,6 52 × 71 × 1.6 — Arlon
[20] 2.3,4.7,5.85 2.1,1.7,0.7 12.5 × 12.5 × 1.6 Between 2.2 to 4 —
[21] 2.25,3.76,5.23 0.5,1.5,4.3 46 × 33.8 × 1.6 — Roger RT/duroid 5880
[22] 1.57,2.45,5.5 0.4,10.41,10.18 60 × 60 × 1.6 0.2,3.5,2.37 FR4
[23] 2.4,3.5,5.8 3.64,4.01,3.98 35 × 32 × 1.6 Negative Rogers RO4003
[24] 2.4,3.5,5.5 6.25,19,32 30 × 65 × 1.6 1.3,5.2,3.1 FR4

Proposed antenna 2.4,3.5,5 7.17, 5.71,12 37 × 28.33 ×1.6 4.25,3.51,1.90 FR4

Figure 2. Prototype with detail notations

The table 2 displays the detail dimensions of antenna

Once the antenna design is fixed and software generated
results are analyzed, the model was fabricated using PCB
machine. The fabricated structure is shown in fig. 3 The
PCB mount female SMA connector is soldered with the
quadrature transmission line at the top and ground plane
at the bottom. These connections are clearly visible in
figure 3 (a) and (b) respectively. The high precision in
fabrication process is expected to receive genuine response
from fabricated model.

Figure 3. Fabricated antenna

3. PARAMETRIC STUDY
The proposed antenna structure is analyzed by 3D

electromagnetic simulation software which is a commercial
frequency solver software. To finalize the optimal designing
constraints and dimensions, various parametric study has
been performed and shown by graphical manner in fig.
4. The figure 4 (i) depicts the comparison of software
generated return losses for different stages of antenna de-
velopment. Various color lines represent different reflection
coefficient (S11) parameter values against frequencies. S11
parameter of an prototype is measured by Keysight Vector
Network Analyzer N9912A series. The green, black and
red color lines illustrate the responses from first, second
and third phase of antenna model. The magenta color line
shows response from proposed structure. It is noticed that
desired result for targeted frequencies could be received by
proposed structure.

The figure 4 (ii) illustrates the comparison graph of
scattering parameter-S 11 values caused by the proposed slot
antenna for variation in ground plane. This antenna perfor-
mance was analyzed for entire copper coating at the bottom
surface, 50% coating at the bottom surface and for limited
surface coating. The close observation depicts that using
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TABLE II. STRUCTURE MEASUREMENTS

Notations Dimensions (mm) Notations Dimensions (mm)

WP 37 Wa 17.5
LP 28.33 La 3.8
Wg 40 Wb 13.9
Lg 50 WC 8.8
W f 3.5 LC 7
L f 12 WS 4.4
H 1.6 Ls 22

half ground plane and partial ground plane, the proposed
structure radiates; however, the frequency bands are not
application oriented. The slot antenna with full ground plane
radiates efficiently for targeted frequencies. The figure 4
(iii) illustrates the antenna performance in terms of return
loss for various quarter wave transformer length. It has
been proven from the diagram that optimum length which
might give noteworthy antenna response is 12 mm which is
shown by black color line. By optimizing the appropriated
length, structure could have the better impedance matching
which may lead the antenna for noteworthy output at
claimed frequencies. The figure 4 (iv) gives the return loss
comparison with the parametric variation in quarter wave
transformer width. In this, the length and width ratio should
be appropriate enough to allow maximum current to pass
through the narrow passage and travel along the top surface
of a slot antenna. As, current density is maximum over
the surface of slot antenna, majority of radiation occurs
specially at the edges of it. The blue, green, pink and
brown color lines represent the output for 3.5 millimeter
width, 3.4 millimeter width, 2.4 millimeter width, and 1.8
millimeter width respectively. The 3.5 mm width dimension
offers optimum response. The figure 4 (v) depicts the
comparison of return loss by changing the microstrip feed
length (Lc). The black color dashed line shows return loss
of the structure for 7 mm length dimension. The other
verified dimensions are 6.5 mm and 7.5 mm which are
shown by green and red color lines. After this parametric
analysis, 7 mm dimension is finalized. Similarly, figure
4 (vi) represents the comparative analysis of reflection
coefficient performance based on variation in microstrip
feed width. As illustrated by the graph, 8.8 mm width
is preferred for desired performance. This performance is
shown by the pink color dashed line in the afore mentioned
figure.

Figure 4. Iterative study of return loss from possible iterations

4. RESULTS AND DISCUSSION
After finalizing possible dimensions, the structure is

again analyzed for various parameters to verify its potential.
The fig. 5 represents the simulated and measured S 11
parameter result for specific frequency range from 2 GHz
to 7 GHz. Both outcomes match for given frequency range
which the evidence of acceptability of the proposed antenna
for targeted wireless applications.
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Figure 5. Graph of return loss Vs frequency (simulated against
measured)

The radiation pattern is defined as a function of
mathematics or a graphical method of far field radiation of
a structure. It depicts departure direction of electromagnetic
waves. The radiation pattern represents several parameters
such as gain, directivity, radiation vector etc. The reviews
depicts, if impedance matching is appropriate, even compact
antenna has maximum current density which offers adequate
radiation pattern [30]. The fig. 6 depicts current distribution
at targeted frequencies. The red coloured part is considered
having a highest current density and blue coloured part is
having a lowest current density. Majority part of conducting
patch is having red coloured which shows that maximum
current is passing over the surface. The fig. 7 illustrates
the antenna measurement test. The developed model is
fixed in the anechoic chamber for E filed and H field
measurement. The anechoic chamber is having a size 5m
× 5m × 5m. Fig. 8 gives idea about the physical setup of
an antenna measurement. For measurement, the fabricated
antenna is connected at receiving side and horn antenna
is connected at transmitting side. The receiving antenna is
rotated at possible angles to measure the radiation pattern
and return loss. These parameters are measured using vector
network analyzer and desktop system.The fig. 9 shows 2D
radiation pattern by fixing the antenna horizontally. Fig. 10
shows 2D radiation pattern by fixing the antenna vertically.
Both are fixed for targeted frequencies. The figures show
close agreement between simulated and measure results.
The antenna gives directive patterns. By instrumenting
appropriate reflectors, the directivity could be improved.
The close observation says, antenna radiates in all directions
for E-field and H-field.

Figure 6. Current distribution at 2.4GHz freq., 3.5GHz freq. and
5GHz frequencies

Figure 7. Prototype under test in non-reflective chamber
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Figure 8. Antenna measurement setup

Figure 9. Far-field 2D response for 2.4GHz freq.,3.5GHz freq., and
5GHz freq.(ϕ = 0◦)

Figure 10. Far-field 2D response for 2.4GHz freq., 3.5GHz freq. and
5GHz freq.(ϕ = 90◦)

The fig. 11 depicts the gain and radiation efficiency
graph. At 2.4GHz freq., 3.5GHz freq., and 5GHz frequency,
gain values are 4.25dBi, 3.51dBi and 1.90dBi having the
radiation efficiency of 74%, 75% and 80% respectively.
The figure shows close correlation between simulated and
measured responses which verifies antenna potential. The
gain could be diligently improved by introducing arrays of
similar shapes. In [[31],[32]], the gain was improved signif-
icantly by introducing array of elements instead of single el-
ement design. Few researchers proposed dielectric resonator
antenna where gain was improved adequately using the
properties of dielectric resonator [[33],[34],[35],[36],[37]].
The obtained parameters from developed antenna are shown
in table 3.
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TABLE III. Developed antenna responses

Antenna particulars First freq. band Second freq. band Third freq. band

Frequency (GHz) 2.4 3.5 5
Bandwidth (%) 7.17 5.71 12
Peak Gain (dBi) 4.25 3.51 1.90

Radiation Efficiency (%) 74 75 80

Figure 11. Antenna gain and radiation efficiency

5. CONCLUSION
A tri-band E-shaped slotted antenna is developed for

ISM band, WiMAX and WLAN applications. The de-
veloped antenna resonates at 2.4GHz, 3.5GHz and 5GHz
frequencies with reasonable gain of 4.25dBi, 3.51dBi and
1.90dBi. The impedance bandwidth for aforementioned
resonances are 7.17%, 5.71% and 12% with an efficiency
of 74%, 75% and 80% respectively. The presented design is
simple to fabricate and utilizes FR4 material as a substrate.
The close agreement is observed between the software
generated results and actual results.The actual results have
adequate output parameters for ISM band, WiMAX and
WLAN applications.
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