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A rectangular microstrip patch antenna including a rectangular defective
ground structure (DGS) is introduced to simultaneously enhance gain,
bandwidth, and return loss while reducing antenna dimensions. This small
antenna is engineered for 5.8 GHz applications, functioning throughout the
frequency spectrum of 5.62 to 5.94 GHz. The design was executed on a 1.6
mm thick FR-4 substrate with a relative permittivity of 4.3, utilizing a
microstrip line feed. The dimensions of the antenna are 31.75x28 x1.6 mm3.
The design approach utilized computer simulation technology (CST)
Microwave Studio simulation software. The antenna attains resonance at 5.8
GHz, providing an initial bandwidth of 270 MHz and a return loss of -26 dB.
A rectangular DGS was implemented to boost performance, yielding a
21.89% increase in bandwidth to 323 MHz and substantially enhancing the
return loss from -23 dB to -47 dB. The gain increased from 3.95 dBi to 5.10
dBi, indicating a 30% enhancement, while sustaining an efficiency of around
83% at the resonant frequency. The antenna was constructed, and

experimental measurements of parameters including gain and return loss
closely matched the computer results.
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1. INTRODUCTION

Due to their low profile, light weight, and ease of manufacture, planar patch antennas are widely
used in wireless uses [1], [2]. Traditional patch antennas often have narrow bandwidths because the ground
plane and the patch are coupled in a way that sounds like a resonance. Also, as the working frequency drops,
the antenna measurements get much bigger because they are inversely related to frequency [3]-[5]. The
electromagnetic field distribution between the patch and the ground plane can be changed by adding a
defected ground structure (DGS) to patch antenna designs. This can help reduce the size of the antenna,
increase bandwidth, and improve gain. Reddy and Vakula [6] a DGS in the form of a circular dumbbell was
used to increase the bandwidth across all three frequency bands, but it did so at the cost of a small drop in gain.
This kind of DGS was first made to be used in filter design. Ahn et al. [7] subsequently various other DGS
shapes were investigated to facilitate the development of different microwave circuits, including filters [8]-[15]
amplifiers. Dash et al. [16] two independent yet complementary DGS configurations rectangular and H-shaped
slots were employed, resulting in enhanced bandwidth and reduced return loss. Bhadouria and Kumar [17] DGS
structures were implemented to achieve improved antenna characteristics. Both configurations demonstrated
enhanced bandwidth and gain across all three frequency bands; however, a reduction in efficiency was
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observed. Gupta et al. [18] demonstrated successful patch antenna miniaturization by employing a shorting
post along with a U-shaped DGS; however, this approach led to decreased gain and efficiency in the lower
frequency range. Salih and Sharawi [19] it was shown that a three-band antenna could be made smaller by
using an E-type unit cell and an F-shaped slot in the DGS. However, this method limited the bandwidth.
Different design techniques can make multiband operation possible, but they often have problems with how
well they work with bandwidth. Ali and Biradar [20], a dual-band antenna was designed by reducing its size
through the inclusion of a central square slot etched into the patch. To achieve dual-band operation, two
symmetrical L-shaped slots with additional slits were added to the radiating element. Nevertheless, the design
exhibited a narrow bandwidth. Ali et al. [21], a U-shaped feeding approach was employed to improve gain;
however, the bandwidth enhancement was not particularly significant. Mobashsher et al. [22] a rounded-corner
rectangular radiating patch was used to achieve dual-band functionality and high gain; however, the bandwidth
was restricted. Additionally, DGS can be employed to introduce band-notch characteristics. Tiang et al. [23],
two DGS resonators were used to cut down on interference in the X-band downlink for satellite transmission
(7.0-7.40 GHz). If you change the gap width of the resonators, you can control the amount of signal loss. The
integration of an open-ring DGS [24] into the meta surface unit results in a significant reduction in stopband
suppression, achieving a level of 20 dB, while maintaining in-band antenna performance. However, the larger
antenna size may not be ideal for 5G loT applications. On the other hand, DGS has proven to be crucial in
reducing mutual coupling between array antennas, offering a solution to enhance performance in compact
designs [25]. This work introduces a rectangular-shaped DGS that simultaneously improves bandwidth, gain,
and return loss, with enhancements in one parameter not affecting the others.

2. ANTENNA DESIGN

Computer simulation technology (CST), a finite element electromagnetic solver tool, was used to
test and simulate the antenna design. The design process had two steps, and the next few sections will go into
more depth about how they were done. At first, a standard rectangle patch antenna was made on a FR4
substrate that had a thickness of 1.6 mm, a relative permittivity of 4.3, and a loss tangent of 0.002. There was
a large ground plane on the substrate’s base, as shown in Figures 1(a) to (c). Here’s how to describe the
resonant frequency (f;.) [26].

r= s 1
T &

where A is the directed wavelength at the chosen frequency €. is the effective dielectric constant, which is:
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In this instance W, signifies the radiator’s width, whereas h specifies the substrate’s thickness. The length L,
of the radiator can be estimated using:
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This antenna potentially resonates at half its wavelength with a full ground plane. Figure 1(d) depicts the
antenna ground plane using the proposed rectangular DGS. The optimized parameters for the standard patch
are shown as follows: S,= 28 mm, S,= 31.5 mm, h= 1.6 mm, P,= 15.88 mm, P,= 11.88 mm, F,= 2.86 mm,
F,=4.44 mm, [,=0.16 mm, G,= 28 mm, and G, = 31.5mm.

Fy)

@ (b) (© (d)

Figure 1. Conventional antenna and with antenna ground with DGS; (a) front view of conventional antenna,
(b) back view of conventional antenna, (c) side view, and (d) ground after incorporating DGS
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3. RESULTS AND DISCUSSION
3.1. Bandwidth and return loss enhancement

Adding a rectangular faulty ground structure shown in Figure 1(d), changes the way current flows
through the ground plane, which greatly improves return loss and bandwidth. The DGS raises the inductance
and capacitance, which makes the antenna’s impedance matching better over a wider frequency range. The
increase from -23 dB to -47 dB shows that this makes a big difference in lowering return loss. As shown in
Figure 2(a) and (b), the resonance frequency changes from 5.95 GHz to 5.8 GHz, which means that signals
are sent more efficiently and there are fewer echoes. The DGS also reduces higher order harmonics, which
lets the antenna work well over a wider frequency range. The frequency goes from 270 MHz to 323 MHz,
which is a 21.89% increase. The data gives a detailed look at how the DGS measurements (length Axe and
width Bx) affect return loss and bandwidth, with a focus on the best setting for these factors. In addition, the
DGS ensures that the resonance frequency is set correctly to 5.8 GHz, as shown in Figure 2(a) and (b).
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Figure 2. Parametric analysis of reflection coefficient; (a) corresponding to Bx when Ax is constant and
(b) corresponding to Ax when Bx is constant

3.2. Enhancement on gain

The DGS enhances the antenna’s gain by more efficiently directing emitted energy into the desired
direction. By reducing surface wave losses and improving radiation efficiency, the DGS channels a greater
amount of power into the primary lobe of the radiation pattern, thereby increasing gain. The design
demonstrates an increase in gain from 3.95 dBi at 6=340° to 5.10 dBi at 6=310°, reflecting a 30%
improvement, as shown in Figures 3(a) and (b). The data highlight the variation in gain across different DGS
dimensions, emphasizing the optimal combinations for maximizing performance in gain while maintaining
improvements in bandwidth and return loss.
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Figure 3. Parametric analysis of radiation gain; (a) corresponding to Bx when Ax is constant and
(b) corresponding to Ax when BXx is constant
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Figures 4(a) and (b) illustrate the effects of varying lengths and widths of DGS. The antenna gain
varies with varied values of length and width. The highest attainable benefit can be determined by modifying
the dimensions.
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Figure 4. Parametric analysis of antenna gain; (a) corresponding to Bx when Ax is constant and
(b) corresponding to Ax when BX is constant

In Figure 5(a), the antenna without the DGS exhibits a relatively uniform current distribution,
primarily concentrated near the feedline and patch region. This results in moderate radiation efficiency but
with limited gain. The antenna resonates at 5.95 GHz, and the current distribution indicates that energy is not
efficiently radiated into the far field, thereby limiting overall performance. Upon incorporating the
rectangular DGS, as shown in Figure 5(b), the current density near the edges of the ground plane becomes
more pronounced. This indicates that the DGS interacts with the surface currents of the ground plane,
enhancing coupling between the patch and ground. Consequently, this modification alters the electromagnetic
field distribution, improving impedance matching at the reduced resonance frequency of 5.8 GHz, thereby
enhancing radiation efficiency.
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Figure 5. Surface current distribution; (a) surface current distribution without DGS and (b) surface current
distribution with DGS

The DGS enhances energy distribution across the antenna, especially at the ground plane, resulting
increased radiation and an elevation in gain from 3.95 dBi to 5.10 dBi. This improvement is further
corroborated by the transition in the resonance frequency from 5.95 GHz to 5.8 GHz, resulting in enhanced
operational efficiency of the antenna.
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4. PERFORMANCE ANALYSIS

We fabricated the designed antenna to analyze its real-life performance, showed in Figures 6(a) and
6(b). Figure 6(a) shows the front side of the fabricated antenna and backside in Figure 6(b). The suggested
antenna is meant to work within a 5.8 GHz bandwidth. The Center frequency can change depending on how
accurately the PCB is manufactured. The rectangular DGS has final measurements of Ax=10.2 mm (length)
and Bx=3.6 mm (wide), which can be seen in Figure 6(b). With the suggested rectangular DGS, the 5.8 GHz
antenna’s patch area shrinks by 4%, from 884 mm?2 to 849 mm2 The proposed 5.8 GHz antenna’s
measurement data are shown in Figure 7. The center frequency shift that was seen is accurate, and the
calculated frequency of 5.8 GHz is within the -10 dB bandwidth. Figure 7 shows that the suggested antenna
has a reflection coefficient of -21 dB at 5.8 GHz.

Figure 6. Proposed antenna with rectangular DGS patterns constructed on a FR4 PCB; (a) front side and
(b) back side

Figure 7. Measurement setup of proposed antenna

The frequency of resonance is very close to what was found in the experiment. The suggested
antenna has a frequency bandwidth of 323 MHz, which is 21.89% better than the antenna that doesn’t have
the DGS. The gain went up from 3.9 dBi to 5.1 dBi, which is a 30% improvement. As we can see from
Figures 8(a) and (b), the antenna gain that was measured is 4.85 dBi. The difference in radiation patterns
between the simulation and measurement data is because of the dielectric jig. It was placed vertically to keep
the antenna stable during the measurement setup. Table 1 shows a comparison of how well the proposed
antenna works compared to earlier tests that used DGS and were aimed at 5.8 GHz. The suggested antenna’s
bandwidth has grown by 21.89%, and its radiation gain has gone up by 30%.
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Figure 8. Simulation and measurement outcomes of the suggested patch antenna’s radiated gain; (a) H-plane
radiation patterns and (b) E-plane radiation patterns

Table 1. Comparative performance analysis of the patch antenna with DGS at approximately 5.8 GHz

Study [27] [28] [29] This work
Without DGS  With DGS
Frequency (GHz) 5.2 5.8 5.8 5.95 5.8
Bandwidth (GHz) 0.12 0.16 0.15 0.273 0.323
Fractional bandwidth (%) 2.3% 2.4% 2.37T% 4.5% 5.6%
Gain (dBi) 414 1.59 1.84 3.95 5.10
Substrate, thickness (mm) RT duroid (0.76) FR4(3.2) FR4(0.8) FR4(1.6) FR4(1.6)
Address event representation (AER) 3.57 2.16 44 4.3 4.3

5. CONCLUSION

To improve both bandwidth and gain at the same time, a 5.8-GHz patch antenna with a rectangle
DGS is suggested. The rectangular DGS successfully reduces patch sizes. By lowering the resonant
frequency, the suggested geometry takes advantage of the benefits of DGS to achieve downsizing while also
ensuring wideband performance and uniform radiation features. The antenna had a -10 dB S11 spread of
about 323 MHz and a 5.10 dBi peak gain. Because it is small and has a wide bandwidth, the antenna can be

used in communication devices.

FUNDING INFORMATION
This research was Funded by Division of Research, Daffodil International University, Bangladesh.

AUTHOR CONTRIBUTIONS STATEMENT
This journal uses the Contributor Roles Taxonomy (CRediT) to recognize individual author
contributions, reduce authorship disputes, and facilitate collaboration.

Name of Author C M So Va Fo 1 R D O E Vi Su P
Md Nahid Hasan v v v v v v v v

Md. Sohel Rana v v v v v v v v v
C : Conceptualization I Investigation Vi : Visualization

M : Methodology R : Resources Su : Supervision

So : Software D : Data Curation P : Project administration
Va : Validation O : writing - Original Draft Fu : Funding acquisition

Fo : Formal analysis E : Writing - Review & Editing

CONFLICT OF INTEREST STATEMENT
Authors state no conflict of interest.

TELKOMNIKA Telecommun Comput El Control, Vol. 23, No. 5, October 2025

1 1147-1154



TELKOMNIKA Telecommun Comput EI Control O 1153

DATA AVAILABILITY
The data that support the findings of this study are available from the corresponding author, [M.N.H], upon
reasonable request.

REFERENCES

[1]  J.-H. Lu and B.-J. Huang, “Planar Compact Slot Antenna With Multi-Band Operation for IEEE 802.16m Application,” IEEE
Transactions on Antennas and Propagation, vol. 61, no. 3, pp. 1411-1414, 2013, doi: 10.1109/TAP.2012.2227440.

[2] M. S. Rana, M. N. Hasan, M. Faisal, and M. E. Khan, “Design of high gain and wideband circular patch antenna based on DGS
for 28 GHz 5G applications,” TELKOMNIKA (Telecommunication Computing Electronics and Control), vol. 22, no. 5, pp. 1053
1060, 2024, doi: 10.12928/ TELKOMNIKA.v22i5.26064.

[3]1 K.-F. Lee and K.-F. Tong, “Microstrip Patch Antennas Basic Characteristics and Some Recent Advances,” in Proceedings of the
IEEE, vol. 100, no. 7, pp. 2169-2180, 2012, doi: 10.1109/JPROC.2012.2183829.

[4] A. K. Verma and Nasimuddin, “Resonance frequency and bandwidth of rectangular microstrip antenna on thick substrate,” in
IEEE Microwave and Wireless Components Letters, vol. 12, no. 2, pp. 60-62, 2002, doi: 10.1109/7260.982877.

[5] M. S. Yahya et al., “LoRa Microstrip Patch Antenna: A comprehensive review,” Alexandria Engineering Journal, vol. 103, pp.
197-221, 2024, doi: 10.1016/j.aej.2024.06.017.

[6] B.R.S.Reddy and D. Vakula, “Compact Zigzag-Shaped-Slit Microstrip Antenna With Circular Defected Ground Structure for
Wireless Applications,” in IEEE Antennas and Wireless Propagation Letters, vol. 14, pp. 678-681, 2015, doi:
10.1109/LAWP.2014.2376984.

[71 D. Ahn, J.-S. Park, C.-S. Kim, J. Kim, Y. Qian, and T. Itoh, “A design of the low-pass filter using the novel microstrip defected
ground structure,” in |EEE Transactions on Microwave Theory and Techniques, vol. 49, no. 1, pp. 86-93, 2001, doi:
10.1109/22.899965.

[81] H. W. Liu, Z. F. Li, and X. W. Sun, “A novel fractal defected ground structure and its application to the low-pass filter,”
Microwave and Optical Technology Letters, vol. 39, no. 6, pp. 453-456, doi: 10.1002/mop.11246.

[9] D.-J. Woo, T.-K. Lee, J.-W. Lee, C.-S. Pyo, and W.-K. Choi, “Novel U-slot and V-slot DGSs for bandstop filter with improved Q
factor,” in IEEE Transactions on Microwave Theory and Techniques, vol. 54, no. 6, pp. 2840-2847, 2006, doi:
10.1109/TMTT.2006.875450.

[10] H.-J. Chen et al., “A novel cross-shape DGS applied to design ultra-wide stopband low-pass filters,” in IEEE Microwave and
Wireless Components Letters, vol. 16, no. 5, pp. 252-254, 2006, doi: 10.1109/LMWC.2006.873594.

[11] D. Piscarreta and S. Ting, “Microstrip parallel coupled-line bandpass filter with selectivity improvement using U-shaped defected
ground structure,” Microwave and Optical Technology Letters, vol. 50, no. 4, pp. 911-915, 2008, doi: 10.1002/mop.23236.

[12] A. M. E. Safwat, F. Podevin, P. Ferrari, and A. Vilcot, “Tunable Bandstop Defected Ground Structure Resonator Using
Reconfigurable Dumbbell-Shaped Coplanar Waveguide,” in IEEE Transactions on Microwave Theory and Techniques, vol. 54,
no. 9, pp. 3559-3564, 2006, doi: 10.1109/TMTT.2006.880654.

[13] S. Dwari and S. Sanyal, “Compact sharp cutoff wide stopband low-pass filter using defected ground structure and spurline,”
Microwave and optical technology letters, vol. 48, no. 9, pp. 1871-1873, 2006, doi: 10.1002/mop.21765.

[14] S. Dwari and S. Sanyal, “Compact wide stopband low-pass filter using rectangular patch compact microstrip resonant cell and
defected ground structure,” Microwave and optical technology letters, vol. 49, no. 4, pp. 798-800, 2007, doi: 10.1002/mop.22259.

[15] S. Dwari and S. Sanyal, “Compact sharp cutoff wide stopband microstrip low-pass filter using complementary split ring
resonator,” Microwave and optical technology letters, vol. 49, no. 11, pp. 2865-2867, 2007, doi: 10.1002/mop.22825.

[16] J. C. Dash, G. P. Mishra, and B. B. Mangaraj, “Design of dual band patch antenna with bandwidth enhancement using
complementary defected ground structure,” in 2016 2nd International Conference on Contemporary Computing and Informatics
(IC3l), 2016, pp. 271-274. doi: 10.1109/IC31.2016.7917973.

[17] A. S. Bhadouria and M. Kumar, “Microstrip patch antenna for radiolocation using DGS with improved gain and bandwidth,” in
2014 International Conference on Advances in Engineering & Technology Research (ICAETR-2014), 2014, pp. 1-5. doi:
10.1109/ICAETR.2014.7012873.

[18] S. Gupta, S. S. Dhillon, P. Khera, and A. Marwaha, “Dual Band U-Slotted Microstrip Patch Antenna for C Band and X Band
Radar Applications,” in 2013 5th International Conference and Computational Intelligence and Communication Networks, 2013,
pp. 41-45. doi: 10.1109/CICN.2013.18.

[19] A. A. Salih and M. S. Sharawi, “A Dual-Band Highly Miniaturized Patch Antenna,” in IEEE Antennas and Wireless Propagation
Letters, vol. 15, pp. 1783-1786, 2016, doi: 10.1109/LAWP.2016.2536678.

[20] T. Ali and R. C. Biradar, “A triple-band highly miniaturized antenna for WiMAX/WLAN applications,” Microwave and Optical
Technology Letters, vol. 60, no. 2, pp. 466-471, 2018, doi: 10.1002/mop.30993.

[21] M. S. M. Ali, S. K. A. Rahim, M. |. Sabran, M. Abedian, A. Eteng, and M. T. Islam, “Dual band miniaturized microstrip slot
antenna for WLAN applications,” Microwave and Optical Technology Letters, vol. 58, no. 6, pp. 1358-1362, 2016, doi:
10.1002/mop.29803.

[22] A. T. Mobashsher, M. T. Islam, and N. Misran, “A Novel High-Gain Dual-Band Antenna for RFID Reader Applications,” in
IEEE Antennas and Wireless Propagation Letters, vol. 9, pp. 653-656, 2010, doi: 10.1109/LAWP.2010.2055818.

[23] J. J. Tiang, M. T. Islam, N. Misran, and J. S. Mandeep, “A rounded corner triangular patch antenna for dual-frequency
application,” Microwave and Optical Technology Letters, vol. 56, no. 1, pp. 69-72, 2013, doi: 10.1002/mop.28040.

[24] M. Rahman, W. T. Khan, and M. Imran, “Penta-notched UWB antenna with sharp frequency edge selectivity using combination
of SRR, CSRR, and DGS,” AEU-International Journal of Electronics and Communications, vol. 93, pp. 116-122, 2018, doi:
10.1016/j.aeue.2018.06.010.

[25] W. Yang, S. Chen, Q. Xue, W. Che, G. Shen, and W. Feng, “Novel Filtering Method Based on Metasurface Antenna and Its
Application for Wideband High-Gain Filtering Antenna With Low Profile,” in IEEE Transactions on Antennas and Propagation,
vol. 67, no. 3, pp. 1535-1544, 2019, doi: 10.1109/TAP.2018.2889028.

[26] A. Zaidi, W. A. Awan, A. Baghdad, N. Hussain, A. Ballouk, and A. Badri, “Compact Size T-Shaped Patch Antenna for E-Band
Applications,” in 2019 International Conference on Wireless Networks and Mobile Communications (WINCOM), 2019, pp. 1-3.
doi: 10.1109/WINCOM47513.2019.8942527.

[27] R. A. Pandhare, P. L. Zade, and M. P. Abegaonkar, “Miniaturized microstrip antenna array using defected ground structure with
enhanced performance,” Engineering Science and Technology, an International Journal, vol. 19, no. 3, pp. 1360-1367, 2016, doi:
10.1016/j.jestch.2016.03.007.

Gain enhanced 5.8 GHz patch antenna with defected ground structure: design and ... (Md. Nahid Hasan)



1154 O3

ISSN: 1693-6930

[28] 1. Tak, S. Woo, J. Kwon, and J. Choi, “Dual-Band Dual-Mode Patch Antenna for On-/Off-Body WBAN Communications,” in
IEEE Antennas and Wireless Propagation Letters, vol. 15, pp. 348-351, 2016, doi: 10.1109/LAWP.2015.2444881.

[29] D. K. Naji, “Miniature slotted semi-circular dual-band antenna for WiMAX and WLAN applications,” Journal of
Electromagnetic Engineering and Science, vol. 20, no. 2, pp. 115-124, 2020, doi: 10.26866/JEES.2020.20.2.115.

BIOGRAPHIES OF AUTHORS

o

=
o

Md Nahid Hasan © £ B8 €2 obtained a BSc in EEE from Daffodil International University
in 2023. His scientific interests include microstrip patch antennas, metamaterials, stability
analysis of power systems, renewable energy, and nanotechnology. He is currently engaged as
a Product Engineer at Benli Electronic Enterprise Co. (OPPO Bangladesh Factory). He can be
contacted at email: nahid33-820@diu.edu.bd, nahidhasanrayhan161@gmail.com.

Md. Sohel Rana Bd 3 postgraduate research student in Electrical and Electronic
Engineering at the Bangladesh University of Engineering and Technology (BUET),
Bangladesh. Obtained a Bachelor of Science in Electrical and Electronic Engineering from the
Rajshahi University of Engineering and Technology (RUET), Rajshahi, Bangladesh, in 2014.
He is currently a Senior Lecturer in the Department of Electrical and Electronic Engineering at
Daffodil International University (DIU), Bangladesh. He has written several papers published
abroad. His articles concentrate on antenna design, wireless communication, underwater
communication, 5G and 6G cellular networks, and mmWave technology. He served as a
Telecom Engineer at Robi Axiata Limited in Bangladesh for almost two years. He can be
contacted at email: sohel.eee@diu.edu.bd.

TELKOMNIKA Telecommun Comput El Control, Vol. 23, No. 5, October 2025: 1147-1154


http://orcid.org/0009-0003-9511-7550
http://scholar.google.com/citations?user=cIxMq0oAAAAJ&hl=en
https://www.scopus.com/authid/detail.uri?authorId=58547521100
https://www.webofscience.com/wos/author/record/JZD-6920-2024
https://orcid.org/0009-0009-7273-7849
https://scholar.google.com/citations?hl=en&user=0HWmh_wAAAAJ
https://www.scopus.com/authid/detail.uri?authorId=59678761000
https://www.webofscience.com/wos/author/record/JZT-5013-2024

