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Abstract: The design and analysis of a small wideband single antenna that operates in the 2.6 GHz to 8 GHz frequency
range for contemporary wireless communication applications are presented in this work. The suggested antenna is built on a
FR-4 substrate with compact dimensions and a dielectric constant of 4.3. Throughout the operational band, the antenna has
good radiation characteristics and a broad impedance bandwidth. Within the targeted frequency range, the simulated results
demonstrate acceptable return loss, VSWR, gain, and radiation efficiency. WLAN, WiMAX, C-band, and other broadband
communication systems are among the wireless applications that the antenna supports. The suggested antenna is appropriate for
wideband wireless devices since its radiation pattern is consistent across working frequencies. The suggested antenna is a good
option for contemporary communication applications due to its small size, straightforward design, and broad working
bandwidth.

Index Terms: Wideband antenna, Single antenna, FR-4 substrate, WLAN, WiMAX, C-band, Wireless communication.

L. INTRODUCTION
Compact, wideband antennas that can operate across several frequency bands are in high demand due to the quick expansion of

contemporary wireless communication systems [1]-[3]. WLAN, WiMAX, satellite communication, radar systems, C-band
communication, and broadband wireless networks are just a few of the many wireless applications that require wideband antennas
[4]-[7]. Antennas with high bandwidth, consistent radiation properties, and small size are ideal to serve these applications.Due to
their low profile, light weight, low fabrication cost, and simple integration with microwave circuitry, microstrip antennas have
attracted a lot of attention. However, the bandwidth of traditional microstrip antennas is typically limited [8]-[10]. As a result,
creating a small antenna with increased bandwidth has grown to be a significant field of study in contemporary antenna engineering
[11]-[13].A small single wideband antenna that operates between 2.6 GHz and 8 GHz is suggested and examined in this paper [14]-
[17]. The FR-4 substrate used in the antenna’s design has a dielectric constant of 4.3 and a thickness of 1.6 mm [18], [18]-
[20]. With respectable return loss, VSWR, gain, and radiation efficiency throughout the working frequency range, the suggested
antenna offers a broad impedance spectrum [21]-[23]. Additionally, the antenna’s radiation performance is stable, which
makes it appropriate for a range of wireless communication uses WLAN, WiMAX, LTE, and C-band applications are just a few
of the significant communication bands that fall within the 2.6 GHz to 8 GHz working frequency range [24]-[26]. The suggested
antenna’s wide operational bandwidth and small design make it suitable for usage in contemporary broadband and portable wireless
devices [27]-[29].

Il.  ANTENNADESIGN

A. Single Element antenna Structure

The geometry of a single wideband microstrip antenna built on a FR-4 substrate is shown in the provided figure [29]. A
microstrip feed line feeds a modified circular radiating patch that makes up the antenna.The width of the substrate is denoted by
W [30]. The length of the substrate is denoted by L. The FR-4 dielectric substrate used in the construction of antennas is
indicated by the light blue area [31], [32]. The radiating patch element that emits electromagnetic radiation is the yellow-shaped
structure. The circular radiating patch’s outside radius is indicated by the letter R [33]. The inner circular slot radius created inside
the patch is represented by the symbol r. The antenna is excited by the microstrip feed line, which is the thin yellow strip
attached to the patch [34]. F stands for feed line width. The partial ground plane is shown by the dark blue section at the bottom.G1
indicates how long the ground plane is [35]. G2 and G3 show the distance on both sides between the feed line and the ground plane
[36]. Impedance matching and bandwidth performance are enhanced by these gaps.
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The dimension of Single antenna structure as shown in Table 1. W is equal to 35 mm shows how wide the substrate is. Maintaining
consistent radiation properties and impedance bandwidth is facilitated by an appropriate substrate width. L is equal to 35 mm
shows how long the substrate is. Because of its small size 35 35 mm? the antenna can be used in portable wireless applications.
R is equal to 12 mm shows the circular radiating patch’s outer radius. The antenna’s bandwidth and resonance frequency are
primarily controlled by this parameter. (r) = 4 mm shows the inner circular slot’s radius inside the patch. The slot boosts wideband
performance and current distribution.G1 is equal to 10 mm shows the length of the ground plane that is partial. Wider impedance
bandwidth and improved return loss are made possible by the partial ground plane. G2 = 4 mm represents the distance on the left
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Fig. 1. Single Element antenna structure

G1

between the ground plane and the feed line. Both impedance matching and reflection losses are reduced by this separation. G3 = 4
mm shows the distance on the right side between the ground plane and the feed line. Symmetric current flow is ensured by equal
spacing on either side. F is 3 mm.indicates the microstrip feed line’s width. For optimal power transfer, this width is chosen to
offer a characteristic impedance of roughly 50 ohm.

TABLE |
SINGLE ELEMENT ANTENNA STRUCTURE DIMENSION
Value | Size(mm)
w 35
L 35
R 12
r 4
Gl 10
G2 4
G3 4
F 3

B. Zntenna Design Evolution
The antenna design evolution as shown in figure 2. (A) Basic Rectangular Patch Antenna Structure (A) shows the original antenna

design, which consists of a straightforward rectangular radiating patch coupled to a partial ground plane and microstrip feed line.
This simple construction functions at a confined frequency range and has a limited bandwidth. Around the boundaries of the
rectangular area, the current distribution is mostly concentrated. (B) Antenna with Circular Slot Modification The rectangular
patch is changed into a circular radiating element with an inner circular slot in structure (B). Additional resonances are introduced
and the surface current flow is altered by the circular slot.
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Both the operational bandwidth and impedance matching are improved by this change. The antenna starts to outperform the basic
design in terms of wideband properties. (C) Final Optimized Antenna Structure Structure (C) displays the final optimized antenna
geometry with further edge adjustments surrounding the circular patch. The current distribution is improved and return loss is
decreased by these edge perturbations. Over the frequency range of 2.6 GHz to 8 GHz, the optimized structure offers superior
bandwidth, consistent radiation characteristics, better VSWR, and higher efficiency. For contemporary wireless communication
applications, the final antenna achieves a small size and wideband functioning.

In the first step, a rectangular microstrip antenna is designed, which is shown in figure 2A, whose design is by equation (1)-(4).

L= —vi——2AL (1)
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I1l.  ANTENNA DESIGN SIMULATION PERFORMANCE
A. S-Parameters
The S-parameters of antenna (A), (B) and (C) as shown in figure 3. X-axis: GHz frequency, with a range of 1 to 9 GHz. Y-axis:
Return Loss (S11), or S-parameter, expressed in dB.The limit of impedance matching allowable is represented by the red dashed
horizontal line at —10 dB. In case S11 When the result is less than —10 dB, the antenna is deemed to function well at that frequency.
Antenna (A): the first rectangular patch antenna is shown by the black curve. The majority of the curve stays above -10 dB,
indicating poor impedance matching. The antenna’s resonant behavior is restricted, and its operating bandwidth is small. For
wideband applications, Antenna (A) is therefore inappropriate.
Antenna (B): The redesigned antenna structure is represented by the red dotted curve. Further resonances are produced following the
introduction of the circular slot. The slope falls below —10 dB at about 6 GHz, where the return loss improves. Although bandwidth
performance improves over Antenna (A), it is still not entirely tuned.
Antenna (C): The final optimized antenna design is shown by the blue dashed curve. The antenna displays deep resonances in the
vicinity of: 3.3 GHz and 7 GHz, around With a minimal return loss of almost —65 dB, the impedance matching is outstanding. The
majority of the curve stays below —10 dB between roughly 2.6 GHz and 8 GHz, indicating broad

-

(A) (B) (C)
Fig. 2. Antenna design evolution: (A), (B) and (C)
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Fig. 7. Surface current distribution of antenna ant-(ant): Frequency=2Ghz,4GHz,6GHz 7.5 GHz
functioning.Antenna (B) The redesigned antenna structure is represented by the red dotted curve. Further resonances are produced
following the introduction of the circular slot. The slope falls below —10 dB at about 6 GHz, where the return loss improves.
Although bandwidth performance improves over Antenna (A), it is still not entirely tuned.For wideband wireless communication
applications operating between 2.6 GHz and 8 GHz, antenna (C) is therefore the optimal arrangement.
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B. VSWR
The VSWR (Voltage Standing Wave Ratio) performance of the antenna development stages denoted as Antenna (A), Antenna (B),

and Antenna (C) is shown in the graph in Figure 4. The graph illustrates how changing the antenna structure improved impedance
matching.

X-axis: Frequency in GHz between 1 and 9 GHz. VSWR (Voltage Standing Wave Ratio) is the Y-axis. The standard allowable limit
of VSWR=2 is shown by the red dashed horizontal line. Good impedance matching and effective powertransmission between the
feed line and antenna are indicated by a VSWR value of less than 2.

Antenna (A): The original rectangular patch antenna is shown by the black curve. Poor impedance matching is indicated by a very
high VSWR value at lower frequencies. Near higher frequencies, the curve progressively drops and gets closer to the permissible
range. Nevertheless, the an-tenna’s VSWR does not remain constant across the operational spectrum.

Antenna (B): The altered antenna construction is shown by the red dotted curve. Impedance matching is improved with the addition
of the circular slot. In comparison to Antenna (A), the VSWR dramatically drops. In the operational region, most of the curve stays
near or below 2.

Antenna (C): The final optimized antenna design is represented by the blue dashed curve. Out of the three structures, the antenna
has the best VSWR performance. Over a large frequency range, roughly from 2.6 GHz to 8 GHz, the VSWR stays below 2. This
shows minimal reflected power and superior impedance matching.Therefore, Antenna (C) is the most suitable structure for
wideband wireless communication applications operating in the 2.6 GHz to 8 GHz frequency range.

C. Efficiency
The radiation efficiency (%) of the antenna evolution stages designated as Antenna (A), Antenna (B), and Antenna (C) is shown in

Fig. 5. Throughout the frequency range of 1 GHz to 9 GHz, the graph shows how well the antenna transforms input power into
radiated electromagnetic energy.

Antenna (A): The basic antenna structure is shown by the green dashed curve. The efficiency rises quickly from lower frequencies
and approaches 2.5 GHz at about 85But above 4 GHz, the efficiency starts to decline. The efficiency drastically decreases to around
68% at 6 GHz, suggesting increased losses and erratic performance.

Antenna (B): The improved antenna structure is represented by the pink dashed curve. Over the whole operating band, the efficiency
stays rather constant. Over the majority of frequencies, the antenna’s efficiency remains between 85% and 88%. This improvement
results from improved impedance matching and current distribution following structural alteration.

Antenna (C): The final optimized antenna design is shown by the black solid curve. High efficiency is attained by the antenna
across a broad frequency range. The efficiency stays between 80% and 88% between 2.6 GHz and 8 GHz. Stable efficiency is a sign
of lower dielectric and conductor losses.Consequently, for wideband wireless communication applications operating between 2.6
GHz and 8 GHz, Antenna (C) is the best design.

D. Maximum Gain

The highest gain performance of the antenna evolution stages designated Antenna (A), Antenna (B), and Antenna (C) is shown in
Fig. 6. The graph illustrates how the antenna gain varies with frequency and how it increases following antenna modification.
Antenna (A): The original antenna structure is seen by the pink dashed curve. The antenna displays negative gain values at lower
frequencies as a result of impedance mismatch and low radiation efficiency. The gain progressively rises with frequency. The gain
approaches 4 dBi to 4.5 dBi at higher frequencies.

Antenna (B): The improved antenna structure is represented by the gray dotted curve. Following structural alteration, the gain
greatly increases. Over the higher operating frequencies, the antenna attains gain values that are nearly 5 dBi. Better gain
performance is a result of improved current distribution and increased bandwidth.

Antenna (C): The final optimized antenna design is shown by the blue dashed curve. Out of all the buildings, the antenna offers the
most gain. The gain rises consistently with frequency, peaking between 7 and 9 GHz at 5 dBi to 5.5 dBi. The directional properties
and radiation efficiency are enhanced by the improved geometry.Consequently, the optimal design for wideband wireless
communication applications operating between 2.6 GHz and 8 GHz is Antenna (C).

E. Surface Current Distribution
The surface current distribution of the suggested wideband antenna at various operating frequencies—2 GHz, 4 GHz, 6 GHz, and

7.5 GHz—is depicted in Figure 7. The graphic shows the active radiating regions that are in charge of antenna operation at various
frequencies and aids in the analysis of the current flow over the antenna surface.
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At frequency=2GHz:The microstrip feed line and lower part of the patch are where the surface current is primarily focused at 2 GHz.
Over the upper circular patch, the distribution of current is relatively poor. This suggests that the feed region and lower radiating
edge are the primary sources of lower-frequency resonance.

At frequency=4GHz:The current disperses across the circular patch and slot region’s bottom edges at 4 GHz. There is a
significant concentration of current close to the feed connection. By adding more resonant current pathways, the altered circular
geometry increases impedance bandwidth.

At frequency=6GHz:Around the patch’s outer margins, the surface current becomes more evenly distributed at 6 GHz. Significant
current concentration is also seen in the slot region. This symmetrical current flow enhances antenna efficiency and radiation stability.
At frequency=7.5GHz:Strong current concentration can be seen along the feed line, lower patch edges, and slot borders at 7.5 GHz.
At higher frequencies, several resonant current pathways are produced. Stable current distribution is maintained by the antenna,
enabling increased gain and wideband operation.

V. RESULTS AND DisCUSSION
The proposed antenna provides wide impedance bandwidth from 2.6 GHz to 8 GHz. The maximum gain is 5.8 dBi and efficiency is

grater than 80%.The good VSWR is obtained between 1 to 2. Overall obtained performance is good for wide band ranges.The
Simulation performance parameters of perposed antenna as shown in table I1.

TABLE Il
PERFORMANCE PARAMETERS OF PROPOSED ANTENNA
Parameter Value
Frequency |2.6-8 GHz
Range
Maximum gain | >5 dBi
VSWR <2
Efficiency >80%

V.  CONCLUSION
A compact single-element antenna has been presented for wireless applications. The proposed antenna achieves wide bandwidth,

high Efficiency, good maximum gain and good VSWR.Therefore, the antenna is suitable for modern wireless communication
systems.
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