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H'ak’an Kisioglu, The rapid adoption of wireless communication technologies has become indispensable for supporting the data

halgfl GO LELOZg e tr requirements of Internet of Things (IoT) applications. In this work, a compact microstrip antenna is introduced
for use in [oT devices, operating in two frequency ranges: 2.11-3.25 GHz and 3.63-4.09 GHz. With physical
dimensions of 35 x 45 x 1.6 mm?, the antenna ensures easy integration with other electronic circuits. The
antenna demonstrates resonance at 2.70 GHz in the lower band with 86% efficiency and 2.01 dBi gain, while
the upper band resonates at 3.82 GHz, achieving 70% efficiency and 2.25 dBi gain. The design ensures a wide
impedance bandwidth and stable radiation patterns, confirming its reliability for wireless communication. The
antenna is designed and optimized using CST, and measurements of the fabricated prototype show satisfactory
agreement with the simulations. The suggested structure is particularly effective for indoor positioning, smart
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1.Introduction

The Internet of Things (IoT) has become a fundamental component of modern technology, facilitating data acquisition and
information exchange over long distances through wireless communication systems [1-3]. In IoT architecture, sensors play
a pivotal role by transmitting collected data across wireless network infrastructures [4,5]. These advancements have
intensified the demand for compact, low-profile, multi-band antennas with high gain and wide impedance bandwidth.
Microstrip antennas are attractive due to their lightweight, compact design, and low profile; however, they suffer from
limitations such as narrow bandwidth, low efficiency, and restricted gain [6]. Compared to single-band antennas, multi-band
designs provide enhanced communication capacity and eliminate the need for multiple antennas operating at different
frequency ranges [7—12]. The majority of WLAN (Wireless Local Area Network) and WiMAX (Worldwide Interoperability
for Microwave Access) applications operate within the S-band (2-4GHz) and C-band (4-8GHz) regions of the radio spectrum
[13]. The design of efficient patch antennas that can effectively cover these frequency bands continues to present a significant
challenge [14]. Researchers worldwide are focusing on the design, evaluation, and optimization of dual-band [15], triple-
band [16], and multi-band [17-22] patch antennas” final antenna with various configurations for wireless applications.

As reported in [15], a dual-band circularly polarized microstrip patch antenna was proposed for WLAN and vehicular
communication systems, featuring an L-shaped slot and a diagonally truncated square parasitic patch positioned offset
beneath the monopole to achieve wideband dual-band circular polarization. Researchers in [16] proposed a printed planar
antenna that operates at three bands, combining two modified monopoles and an arc-shaped defected ground plane. In [17],
researchers explored a novel approach to achieve multiband operation by combining a fractal antenna with metamaterials and
a slot. In [18], a compact multi-band microstrip patch antenna for wireless applications was presented, exhibiting four
resonance bands. As reported in [19], a compact hexagonal nested loop antenna incorporating a hexagonal dumbbell-shaped
defected ground structure was designed for operation in four wireless frequency bands. Reference [20] introduced a four-
band triangular microstrip antenna for X-band radar, C-band downlink, WiMAX, and WLAN applications. Researchers in
[21] introduced a quad-band monopole antenna with dual polarization and an asymmetrical microstrip feed line. Reference
[22] presents a dual-band patch antenna with an inset feed and truncated corners. The ground plane is loaded with D-shaped
complementary split-ring resonators to achieve size miniaturization and dual-band resonance.

In this study, a compact dual-band microstrip antenna is proposed for IoT wireless terminals. The design is investigated using
CST [23]. Key results, including return loss, radiation patterns, and gain across the targeted bands, are presented and
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discussed. A prototype of the proposed antenna was fabricated, and a satisfactory agreement was observed between the
simulated and measured results. Offering good impedance matching and a balanced performance in terms of size, bandwidth,
and efficiency, the proposed antenna provides a practical alternative to existing dual-band antennas targeting similar IoT
bands. The paper is organized into four main parts: Section 2 explains the antenna configuration and geometry, Section 3
provides the simulated and measured results with related discussions, and Section 4 summarizes the overall conclusions.

2. Antenna Design and Configuration

Fig. 1 presents the configuration of the proposed dual-band printed antenna, along with photographs of the fabricated
prototype, for wireless communication applications. The antenna is realized on an FR4 substrate measuring 35 x 45 mm?,
with a dielectric constant of 4.3, a thickness of 1.6 mm, and a loss tangent of 0.025. To achieve multiband characteristics and
reduce size, differently shaped slots are etched symmetrically on both sides of the radiating patch. A rectangular ground plane
featuring a rectangular slot is positioned on the backside of the substrate. The antenna is excited through a 3.35 mm-wide
microstrip line, which provides impedance matching to a 50 Q feed. The slot dimensions and ground plane geometry were
adjusted during the design process to optimize performance. The design, simulation, and performance evaluation of the
suggested antenna were carried out using the CST Microwave Studio EM simulation software [23]. The finalized design
parameters of the suggested antenna are as follows: Wsubs= 35.00, Lsubs=45.00, Lf= 15.00, wf=3.35, w=20.00, L=21.00,
wa=2.00, La= 3.00, f1= 0.50, 2= 5.00, ra=3.50, rb= 7.50, rc= 5.00, rd=1.50, s= 1.00, Lb= 14.75, wg= 2.00, 1g= 3.00. (All
dimensions are expressed in millimeters).

Wsubs

Lsubs

() (d)
Figure 1. Configuration of the proposed antenna: top layer (a) and bottom layer(b):
Photographs of the fabricated antenna: top view (c) and bottom view (d).

2.1. Antenna Design Steps

The design process of the suggested dual-band antenna for wireless communication applications is depicted in Figure 2(a).
Initially, the antenna consists of a rectangular patch and a ground plane. Elliptical circular structures were added in the second
step, followed by the creation of elliptical circular slots along the left, right, and top edges in the third step. In the fourth step,
additional slots with different dimensions were incorporated, and in the fifth step, rectangular cavities were added at the sides
of the patch-feed junction. The final antenna structure was obtained by modifying the ground plane. Simulated reflection
coefficients for each design step are shown in Figure 2(b).
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Figure 2. Stepwise development of the suggested antenna (a), Simulated reflection coefficient (S11) versus frequency (b)

Several key parameters affect the performance of the antenna. In this context, the impact of these parameters was simulated
and is shown in Figures 3 and 4. The studied parameters include f1, f2, wa, La, s, ra, rb, rc, and rd, with the corresponding
simulated reflection coefficients (S11) presented in Figures 3(a)-(f). As shown in Figure 3, variations in these parameters
have a significant influence on the first and second frequency bands. Figure 4 shows how changes in the ground plane
parameters affect the reflection coefficient. In Figure 4(a), the wg parameter has a notable effect on the lower frequency band.
In contrast, in Figure 4(b), the lg parameter has a minor effect on the bands but still influences the lower band reflection
coefficient (S11). Overall, the results in Figures 3(a)-(f) and 4(a)-(b) demonstrate that the resonance frequencies and
impedance bandwidth can be effectively controlled through geometric parameter adjustments.
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Figure 3. Reflection Coefficient Simulations of the Suggested Antenna Under Parameter Variations
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Figure 4. Simulated Reflection Coefficient of the Suggested Antenna for Variations in the Ground Layer Parameters

3. Simulation Results and Discussions

In this section, the simulated and measured performance parameters of the antenna, including the reflection coefficient (S11),
radiation patterns, surface current distributions, gain, and efficiency, are presented and analyzed. Figure 5 shows the
comparison of the simulated and measured S11 results of the proposed antenna. According to the simulation results, the
antenna exhibits two resonance frequencies at 2.70 GHz and 3.82 GHz based on the S11 < -10 dB criterion, with
corresponding reflection coefficients of -41.65 dB and -39.04 dB, respectively. The simulated impedance bandwidths are
42.22% (2.11-3.25 GHz) and 12.04% (3.63-4.09 GHz), confirming operation within the S-band. Additionally, a prototype of
the antenna was fabricated, and its reflection coefficient (S11) was measured using a vector network analyzer (VNA). The
measured -10 dB bandwidths are 41.50% (2.00-3.05 GHz) and 12.50% (3.35-3.80 GHz), with measured resonance
frequencies of 2.26 GHz and 3.60 GHz. Figure 5 shows that the measured and simulated results are in good agreement in
terms of overall trend. The observed discrepancies can be attributed to fabrication tolerances and parasitic effects arising

from the SMA connector and soldering at the feed point.

— Simulated

Measured

S11 (dB)

-45 | | | !
2 2.5 3 3.5 4 4.5

Frequency (GHz)

Figure 5. Comparison of the Simulated and Measured Reflection Coefficient (S11) of the Proposed Antenna

To analyze and confirm the functionality of the suggested antenna, its surface current distributions were simulated at 2.70
GHz and 3.82 GHz. Figure 6 presents these distributions, showing that the current paths differ between the two frequencies.
The surface currents are primarily located along the edges of the antenna, across the slots, and at the feed line connections.
These results indicate that the antenna meets the design criteria and operates effectively at the intended frequencies. Radiation
patterns are presented for the two operating bands in the ¢ = 0° and ¢ = 90° principal-plane cuts and in the 8 = 90° azimuth

plane, as shown in Figure 7.
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Figure 6. Simulation of the Suggested Antenna’s Surface Current Distributions for Resonant Frequencies

The frequency-dependent behavior of the simulated realized gain and radiation efficiency of the suggested antenna is
demonstrated in Figures 8(a) and 8(b). As observed from Figure 8(a), the peak gains at the resonant frequencies of 2.70 GHz
and 3.82 GHz are approximately 2.01 dBi and 2.25 dBi, respectively. Figure 8(b) shows the simulated radiation efficiency,
with values of approximately 86% and 70% at the same resonant frequencies. The reduced efficiency in the upper band can
be attributed to the increased dielectric losses of the FR4 substrate at higher frequencies. These results indicate that the
suggested antenna performs effectively, achieving satisfactory peak gain and radiation efficiency.
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Figure 7. Far-field radiation characteristics of the suggested antenna as obtained from simulation.
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Figure 8. Simulated Realized Gain (a) and Efficiency (b) of the Suggested Antenna

Table 1 compares the proposed antenna with multiband antennas reported in the literature [15-22] in terms of dimensions,
operating frequencies, impedance bandwidth, and gain. With overall dimensions of 35 x 45 x 1.6 mm?® on FR-4, the proposed
antenna has a moderate footprint relative to related designs. While many studies adopt tri- or quad-band configurations for
services such as WLAN/WiMAX/DSRC/GPS, the present design provides a simpler, application-focused alternative with
dual-band operation at 2.70/3.82 GHz, mainly targeting S-band requirements. In addition, its operating ranges of 2.11-3.25
GHz and 3.63—4.09 GHz offer a relatively wider coverage than some dual-band counterparts. In terms of gain, the proposed
antenna outperforms [15,17,20-22], whereas for [16,18,19], it shows lower gain in certain bands but comparable performance
in others.
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Table 1. Comparison of the Suggested Antenna with Other Multiband Antennas in the Literature

Dimensions of Antenna

Operating

Ref. Structures (mm?) and Frequency ?gﬁi?ldth Ealilrg:er of f(‘ial?l/(dBi) Gain Applications

Substrate material (GHz)

45 x40 % 1.6 2.15-2.64/5.27- .. WLAN/ Vehicular

[15] FR4 2.45/5.9 618 Dual Band  1.48/1.95 (dBi) Communication
1.14-1.69/
2.37-2.51/
36 x39x 1.6 2.45/3.55/ . 2.41-2.79/ .
[16] FR-4 55 2;:22/ Triband 2.68-4.02 WLAN/WIMAX
o (dBi)
3.04-3.15/ .
[17] 30 x24.8 x 1.6 3.1/5.52/ 5.44-5.72/ Quad }'3%}/75 gltl;/l[hﬁf/TV/

FR-4 7.31/9.72 6.76-7.72/ Bands ((iB) ’ X-Band
9.42-9.98 ;
1.879-0.986/ -0.16-0.61/ GSM/

[18] 36 x25x 1.6 1.936/3.43/ 3.100-3.87/ Quad Band 1.76-2.16/ DSRC/

FR-4 5.9/7.8 4.970-6.515/ 1.87-2.6/ WiMAX/
7.260-8.60 2.50-3.3 (dBi) WLAN /X band
1.88-1.69/ 1.6/2.15/

40 x 32 x 1.6 1.7/2.4/ DCS1800/

[19] 2.52-2.34/3.59- Quad Band 2.75/3.8 .

FR-4 3.1/4.5 3.07/6.26-4.17 (dBi) WLAN/WIMAX

1.2/0.6/

50 x30x1.6 3.5/4.1/ Quad

[20] FR4 5.6/9.7 N/A Bands 0.7/'2.09 S, C and X band
(dBi)
1.43-1.6/ 1.94- 1.08 (dBic)/ GPS/  GLONASS/
[21] ;%_2355 1.6 éizg 512'02/ 21/ 2.40-2.57/ QuadBand 138/0.85/0.7 UMTS/
e 3.45-3.6 (dBi) WLAN/WiMAX

35x30%x1.6 2.41-2.56/ 1.05/1.09 .

[22] FR.4 2.48/3.16 312-3.18 Dual Band (dB) WLAN/WIMAX
This 35x45%x 1.6 2.11-3.25/ 2.01/2.25
Study ~ FR-4 2.70/3.82 3.63-4.09 Dual Band (dBi) S Band

N/A = Not Available

4. Conclusions

This study presents a dual-band microstrip antenna for utilization in wireless communication applications within the context
of IoT systems. The proposed antenna has overall dimensions of 35 x 45 x 1.6 mm? and operates at 2.70 GHz and 3.82 GHz.
Based on the S11 < -10 dB criterion, the antenna covers 42.22% of the 2.11-3.25 GHz frequency band and 12.04% of the
3.63-4.09 GHz band, confirming its operation in the S-band and the lower C-band. The findings reveal that the antenna
achieves peak gains of approximately 2.01 dBi and 2.25 dBi at 2.70 GHz and 3.82 GHz, respectively. Moreover, the
corresponding radiation efficiencies of about 86% and 70% further confirm that the suggested design delivers effective
performance in terms of both gain and efficiency. In this work, the reflection coefficient, directivity, efficiency, and gain of
the suggested antenna were analyzed within its operating bands. The antenna was designed and optimized using CST, and
measurements of the fabricated prototype show satisfactory agreement with the simulations, confirming the practical
feasibility of the proposed design. The results indicate that the antenna exhibits satisfactory performance, characterized by
high gain, good efficiency, and dual-band capability. These features make it suitable for use in various wireless
communication systems. A potential direction for future research is the development of compact Multiple-Input Multiple-

Output (MIMO) configurations for wireless communication systems.
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