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ABSTRACT 

This article presents a compact dual-band patch antenna designed for wireless communication systems. The 

proposed antenna design operates efficiently at both 2.45 GHz and 5.76 GHz achieving high performance 

despite its compact size. The Defected Microstrip Structure (DMS) is used to create the desired frequency bands 

and improve the impedance matching at the respective required frequencies, respectively. The antenna is 

manufactured on a low-cost FR-4 substrate, with dimensions of 27 mm × 27 mm × 1.6 mm. The simulated 

radiation efficiencies at 2.45 GHz and5.76 GHz are 95% and 73%, respectively. In addition, the gain of the 

suggested antenna is more than 2.65 dB and around 2.84 dB at the desired frequency bands. The suggested 

antenna is simulated, manufactured, tested and verified practically. The return losses measured in the lower and 

upper resonance bands are 29.94% (covering the frequency range from 2.13 to 2.88 GHz) and 6.2% (covering 

the frequency range from 5.65 to 6.01 GHz), respectively. The radiation pattern is measured and compared with 

the simulation one. The design is simple, easy to carry on and is very compact, while enabling seamless 

operation across two different frequency bands, which makes it suitable for diverse wireless applications. 
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1. INTRODUCTION 

Wireless communication has undergone rapid advances in contemporary society, encompassing a 

variety of technical fields. Following the FCC's announcement allowing individuals to use medical, 

industrial and scientific frequencies without the need for a licence, the scientific community has been 

provided with an important opportunity to create wireless devices suitable for short-range 

communication. The most notable examples are Bluetooth, which operates in the globally allocated 

2.4 GHz ISM band [1] and wireless local area networks (WLANs), which operate at frequencies of 5.2 

GHz and 5.8 GHz. WLANs were conceived as adaptable data-communication systems, serving as 

substitutes for or extensions to wired local networks.  Using radio-frequency technology, these 

networks send and receive data wirelessly in the atmosphere, significantly reducing reliance on wired 

connections and seamlessly integrating uninterrupted connectivity with user mobility. In today's 

landscape, wireless LANs are rapidly gaining popularity in diverse sectors, such as healthcare, 

manufacturing and academia. These industries have reaped substantial benefits from portable devices 

that enable real-time transfer of data to central processing centres. In addition, wireless local area 

networks are increasingly recognized as a reliable and cost-effective means of achieving fast wireless 

internet access. They are being adopted as versatile connectivity solutions in a wide range of 

applications [2].  

The IEEE 802.11 WLAN standards encompass three operational frequency bands: 2.4 GHz (2.400 

GHz - 2.484 GHz), 5.2 GHz (5.150 GHz - 5.350 GHz) and 5.8 GHz (5.725 GHz - 5.825 GHz). In the 

IEEE 802.11a standard, WLANs operate within the higher-frequency range, covering the range of 

5.15 GHz to 5.35 GHz and 5.725 GHz to 5.825 GHz. On the other hand, WLANs that adhere to the 

IEEE 802.11b/g standards use the 2.4 GHz band, which extends from 2.4 GHz to 2.484 GHz [2][3][4]. 

In the contemporary landscape, dual-band WLAN systems, which include IEEE 802.11a /b /g 

standards are becoming increasingly popular [5]. Consequently, to meet the demands of wireless 

communication, it is necessary to develop compact, high-performance antennas capable of operating 

in the dual bands of 2.4 and 5.8 GHz, while at the same time offering exceptional radiation properties 
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[2], [6]. Nonetheless, the design of compact dual-band antennas is a major challenge, given the need to 

meet wide-bandwidth requirements, as well as to achieve a balanced radiation pattern, constant gain, 

compact size and simple manufacturing processes [7][8][9]. On the other hand, the narrow-band 

antenna can be transformed into a multiband antenna by introducing a slit or slot at strategically 

chosen positions on its patch or ground plane. The dimensions, geometry and position of this slot are 

crucial to the creation of resonances and band characteristics [10]. A number of dual-band microstrip 

antennas have been reported in the literature, but they typically exhibit rather large sizes and relatively 

complex designs. For instance, a dual-band printed slot antenna using the Cantor fractal has achieved 

two operating frequency bands of 2.35–3.61 GHz and 5.15–6.25 GHz; achieving this performance 

necessitated large physical dimensions of 50 x 50 mm² [11]. Similarly, an annular Koch snowflake 

fractal antenna designed for dual-band performance covered 2.24–2.93 GHz and 4.48–5.54 GHz, with 

dimensions of 40 × 40 mm² [12]. A dual Wide Band Monopole Antenna for WiFi and WiMAX 

systems, has been designed to cover 2.3–2.98 GHz and 5.13–7.75 GHz, with dimensions of 40 × 44 

mm² [13]. A dual Wideband Monopole antenna for GSM/UMTS/LTE/WiFi/and Lower UWB 

applications consists of two sickle-shaped radiators and a slotted ground plane, achieving operating 

bands of 1.5–2.8 GHz and 3.2–6 GHz, but it possesses a large size of 57 × 37.5 mm² and a relatively 

complex design [14]. A DGS antenna designed for medical applications has been published. It 

operates at two frequency bands with dimensions of 58 x 40 mm² [15]. A dual-band microstrip 

antenna using a polarization conversion metasurface structure is proposed in [16], with dimensions of  

40 × 49 mm². A dual-band semi-circular patch antenna for WiMAX and WiFi-5/6 applications witch 

covers 2.39–3.75 GHz and 5.39–7.18 GHz, with dimensions of 30 × 40 mm² was proposed in [17]. In 

[18], a dual-band antenna for WiMax and Wi-Fi applications is introduced with dimensions of 40 × 40 

mm². Reference [19] incorporates a Dual-Band Microstrip Patch Antenna Design Using C-shaped slot 

to cover the 2.4 and 5 GHz frequency bands, with dimensions of 53 × 49 mm². 

This paper proposes a compact dual-band patch antenna that operates efficiently at 2.45 GHz and 5.76 

GHz, achieving high efficiencies of over 95% and 73% in both operating bands. The antenna attains 

gains of 2.65 dB and 2.84 dB, respectively. The Defected Microstrip Structure (DMS) technique is 

used to achieve the desired frequency bands and enhance impedance matching at both frequencies. 

The proposed antenna has been simulated, manufactured, tested and practically verified, with results 

showing good agreement with simulations. These results demonstrate the antenna's suitability for 

WLAN, ISM and WiMAX applications. Additionally, it is characterized by its small size, ease of 

manufacture and smooth operation across two different frequency bands. 

The design structure, simulated and measured results, analysis and concluding remarks are presented 

in Sections 2, 3, 4, 5 and 6. 

2. ANTENNA DESIGN EVOLUTION 

2.1 Design Process  

The antenna design process is structured into four stages. Figure 1 depicts the evolution of the 

proposed antenna, while Figure 2 presents the simulated reflection-coefficient curves corresponding to 

each stage. 

In Step 1, the design of the initial rectangular patch antenna is calculated using the well-known 

transmission line theory [20]:         
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where, Lp is the length of the patcn, Wp is the width of the patcn, C is the speed of light (3 × 108 m/s), 

fr is the resonant frequency, ϵr is the substrate relative permittivity and h is the substrate thickness. 

In the second stage, enhancing impedance matching with a reduced ground plane leads to a resonant 

frequency of 5.59 GHz. The third stage introduces a rectangular slot (L2 x W1) on the top of the patch, 

resulting in a resonant frequency of 2.78 GHz. Finally, in the fourth stage, adding another rectangular 

open-ended slot (L2 x W1) below the patch produces two resonant frequencies at 2.9 GHz and 6.27 

GHz. 

 
Figure 1.  Design procedure of the proposed antenna. 

 
Figure 2.  Simulated reflection coefficients for all design steps. 

2.2 Final Structure and Dimensions 

The design of the proposed antenna and its corresponding prototype are illustrated in Figure 3. The 

antenna is manufactured on an FR-4 substrate, which has a relative permittivity of 4.3, a height (h) of 

1.6 mm and a loss tangent of 0.025. A 50-ohm microstrip line is used to connect the antenna to an 

external source via an SMA connector. Dual-band radiation at the specified frequencies is achieved by 

drilling two parallel rectangular slots in the patch and utilizing defected ground structure (DMS) 

technology to improve impedance matching. Both the patch and ground plane are made of copper. The 

optimal dimensions of the antenna, determined through a parametric study using CST Microwave 

Studio, are outlined in Table 1. Computer Simulation Technology (CST) is used to design and 

simulate the proposed antenna. 

 

Figure 3.  (a) Top and bottom views of the designed antenna geometry, (b) The manufactured 

prototype. 
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Table 1.  Optimized dimensions of the proposed antenna. 

Parameters L W LP WP Lf Wf Lg L1 L2 W1 h 

Value(mm) 27 27 12 16.7 11.7 3.137 9 2 1 14.7 1.6 

3. PARAMETRIC STUDIES 

The main purpose of this section is to study the effect of antenna parameters on resonant frequencies 

and matching. This analysis aims to determine the optimal values for the two rectangular slots etched 

inside the patch using the DMS technique. This is achieved by adjusting a single parameter while 

maintaining others constant. 

3.1 Effect of L1 and L2 

As shown in Figure 4(a), modifications in the position of the two rectangular slots from L1 = 1 mm to 

L1 = 3 mm leads to a decrease in return loss at the lower frequency of 2.45 GHz, while at both L1 = 1 

mm and L1 = 3 mm, the upper frequency of 5.76 GHz is entirely absent. Moreover, as depicted in 

Figure 4(b), altering the width of the rectangular slot from L2= 0.5 mm to L2= 1.5 mm results in a 

decrease in return loss at the higher frequency. Additionally, this modification causes a shift in the 

upper frequency from 5.82 GHz to 5.66 GHz up to 5.76 GHz, while the lower frequency of 2.45 GHz 

remains unaffected. It is observed that the optimal outcome is achieved for L1= 2 mm and L2= 1 mm 

in both frequency bands. 

 
                                          (a)                                                                               (b) 

Figure 4.  Simulated S11 parameter for various values of (a) L1 and (b) L2. 

3.2 Effect of W1 and Lg 

Figure 5(a) shows the simulated reflection coefficient of W1; when W1 is increased from 13.7 mm to 

15.7 mm, the upper resonant frequency decreases progressively from 6.15 GHz to 5.76 GHz and 

finally to 5.4 GHz. Our objective is to achieve a resonant frequency of 5.76 GHz, the optimal value is 

observed at W1 = 14.7 mm. Also, as observed in Figure 5(b), the simulated reflection coefficient 

decreases when the Lg value increases or decreases from 9 mm, indicating that 9 mm is the optimal 

value. 

 
                                             (a)                                                                                   (b) 

Figure 5.  Simulated S11 parameter for different values of (a) W1 and (b) Lg. 
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4. SIMULATION RESULTS AND DISCUSSION 

The designed antenna is manufactured using the LPKF ProtoMat E33 milling machine. The Rohde 

and Schwarz ZVB 20 Vector Network Analyzer is utilized to measure the S-parameters, as depicted in 

Figure 6(b). It is evident that there is acceptable agreement between the measurements and the 

simulation results as can be seen in Figure 6(a). The impedance bandwidths (S11 < -10 dB) of the 

suggested antenna are (2.13–2.88 GHz), corresponding to a range of 29.94% (lower-frequency band) 

and (5.65–6.01 GHz), corresponding to a range of 6.2% (higher-frequency band), respectively.    

Figure 7(a) shows the VSWR graph at the center frequencies for the proposed antenna, with values 

less than 2. Specifically, the designed antenna has a VSWR of 1.06 at 2.45 GHz and 1.11 at 5.76 GHz, 

indicating favorable impedance matching. Figure 7(b) presents the Z-parameter of the antenna, 

demonstrating that the impedance is approximately 50 Ohms at both 2.45 GHz and 5.76 GHz, 

confirming that the antenna provides perfect impedance matching. 

 
Figure 6.  (a) Measured and simulated magnitude of S11, (b) Measurement setup. 

  
                                     (a)                                                                                  (b) 

Figure 7.  (a) VSWR of proposed antenna and (b) Z- parameters. 

4.1 Surface-current Distribution Analysis 

To evaluate the performance of the proposed antenna, we conducted simulations of the surface-current 

distribution at two resonant frequencies, 2.45 GHz and 5.76 GHz (Figure 8). The results exhibit 

distinct patterns at each frequency, revealing specific operational characteristics of the antenna. 

At 2.45 GHz: The surface current predominantly gathers around the feed point, slots and antenna 

edges. This concentration signifies efficient coupling and radiation at the fundamental resonant 

frequency. The focus at the feed point ensures effective power transfer from the feed line to the 

radiating elements, while the distribution along the slots and edges enhances the desired radiation 

properties. 

At 5.76 GHz: The surface current concentrates more around the antenna edges and apertures. This 

shift corresponds to a higher-order resonant mode, where the shorter wavelength interacts more 
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prominently with finer structural details of the antenna. The higher frequency alters current 

propagation, emphasizing areas that enhance radiation efficiency at this frequency. 

Antenna Efficiency through Surface-current Distribution: The efficiency of the antenna correlates 

closely with its surface current distribution. Analysis of current distribution at 2.45 GHz and 5.76 GHz 

indicates that in both cases, current concentration in specific regions facilitates efficient conversion of 

input power into radiated electromagnetic waves. The distinct current paths at these frequencies ensure 

effective operation across the dual-band spectrum. 

Moreover, the observed current patterns suggest well-matched impedance at the feed point for both 

frequencies. This characteristic is critical for minimizing reflections and maximizing power transfer, 

thereby enhancing the overall antenna efficiency. 

In summary, the simulated surface-current distribution underscores the antenna's capability to operate 

efficiently across its dual-band frequencies. At 2.45 GHz, concentration around the feed point and 

slots facilitates effective radiation, while at 5.76 GHz, focus near the edges and apertures supports 

higher frequency performance. These visions confirm the antenna's design effectiveness in achieving 

dual-band operation with high efficiency. 

  
Figure 8.  The surface-current distribution of the designed antenna at (a) 2.45 GHz and (b) 5.76 GHz. 

4.2 Gain and Efficiency 

Figure 9 presents the measured and simulated gain and efficiency of the antenna. At the 2.45 GHz 

frequency band, the gain is 2.65 dB, while at the 5.76 GHz resonance band, it is approximately 2.8 4 

dB. The radiation efficiency at 2.45 GHz is about 95%, demonstrating the antenna's effectiveness in 

converting input power into radiated energy with minimal losses. This high efficiency is attributed to 

the optimized design and the incorporation of a Defected Microstrip Structure (DMS), which enhances 

impedance matching and reduces unwanted radiation and dielectric losses. At 5.76 GHz, the radiation 

efficiency is around 73%. This efficiency is satisfactory for high-frequency operation, where losses in 

dielectric and conductive materials are greater than at lower frequencies. Nonetheless, the antenna 

maintains a commendable level of efficiency across both operating bands. Figure 10 shows the 3D 

gain and 3D directional radiation pattern. 

 
                                      (a)                                                                                       (b)    

Figure 9.  Measured and simulated (a) Peak gain, (b) Radiation efficiency. 
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(a) 

   
 

(b) 

Figure 10.  Gain and directivity 3D at (a) 2.45 GHz and (b) 5.76 GHz. 

4.3 Radiation Pattern 

The measured and simulated radiation patterns of the designed antenna in the E-plane and H-plane are 

shown in Figure 11. At the lower band (2.45 GHz), depicted in Figure 11(a), the radiation pattern in 

the E-plane is nearly omnidirectional, while in the H-plane, it is nearly bidirectional. At the upper 

band (5.76 GHz), shown in Figure 11(b), the antenna exhibits a nearly omnidirectional pattern in the 

E-plane and a directional pattern in the H-plane. Figure 12 illustrates the Geozondas antenna 

measurement system that was used to assess the antenna's radiation pattern. A horn antenna was used 

as the transmitting antenna, while the antenna under examination served as the receiving antenna. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 11.  Radiation pattern of the designed antenna in the E-plane and H-plane at (a) 2.45 GHz and 

(b) 5.76 GHz. 
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Figure 12.  Measurement setup of the designed antenna. 

5.  PERFORMANCE COMPARISON 

A performance comparison has been carried out between the designed antenna and recently reported 

antennas in the literature in terms of resonant frequencies, size, bandwidth, gain and efficiency, as 

shown in Table 2. It is observable that the designed antenna has a compact size compared to all the 

antennas proposed in the references listed in Table 2. In addition, the suggested antenna is 

distinguished by its elevated efficiency. 

Table 2.  Comparison of the antenna in this study with antennas proposed in previous studies. 

Ref. Frequency 

f1/f2 (GHz) 

Dimensions (mm³) 

Substrate Material 

Bandwidth (GHz) Peaks 

Gain (dB) 

Efficiency 

(%) 

2 2.4/5.2 40 × 30 × 0.8 

FR-4 

(2.27–2.58)12.7% 

(4.92–5.49)10.95% 

… 89 

87 

12 2.54/5.24 40×40×1.524 

RogersTMM4 

(2.24–2.93)26.69% 

(4.48–5.54)21.16% 

2.5 

2.7 

… 

18 2.4/5.8 47.3 × 55×1.6 

FR-4 

(2.3–2.492) 7.4% 

(5.586–6.06) 8.17% 

2.5 

2.8 

… 

21 2.4/5.25 52 × 60× 1.6 

FR-4 

4.2% and 2.3% 2 

4.6 

… 

22 2.45/3.53 59.5×47× 1.6 

FR-4 

(2.43–2.49)2.44% 

(3.50–3.56)1.7% 

2.45 

3.53 

… 

23 2.45/5.8 70 ×70× 31 

3D printed PLA 

(2.39–2.52)5.29% 

(5.76–5.95)3.25% 

7.8 

6.8 

90 

80 

24 2.44/5.5 52 ×40× 2 

FR-4 

(2.33–2.86)20.6% 

(5.76–5.95)15.7% 

3.5 

3.53 

--- 

This 

work 
2.45/5.76 27 × 27×1.6 

FR-4 

(2.13–2.88)29.94% 

(5.65–6.01)6.2% 

 

2.65 

2.84 

95 

73 

6. CONCLUSION 

This research presents an innovative dual-band patch antenna design with compact dimensions, 

tailored to meet the requirements of various modern wireless communication systems, including 

WLAN, ISM, Bluetooth, WiMAX and WiFi-2.4. The antenna operates efficiently at frequencies of 

2.45 GHz and 5.76 GHz, achieving high efficiencies of over 95% and 73%, in both operating bands. 

Additionally, the antenna attains a gain of 2.65 dB at 2.45 GHz and 2.84 dB at 5.76 GHz. The antenna 

was manufactured and measured, the results being in good agreement with simulations. The measured 

-10 dB S11 bandwidths cover 750 MHz (2.13-2.88 GHz) and 330 MHz (5.65-6.01 GHz). This ensures 

that the antenna meets the frequency requirements for WLAN in both the lower and upper bands, ISM 

(2.4–2.5 GHz), WiMAX rel 1 (2.3–2.4 GHz), WiMAX rel 1.5 (2.5–2.69 GHz) and Bluetooth (2.407–
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2.484 GHz). Based on these results and the antenna's characteristics, such as compact size and ease of 

manufacture, this design is suitable and highly practical for advancing antenna technology and 

enhancing wireless-communication systems. 
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 ملخص البحث:

دددددددد    تقددددددددلو ةدددددددد ه ائيادددددددد  ائ    دددددددد  ةيا  دددددددد    ذا نطدددددددد ا ّ تدددددددد لأنلأمن ّ تّدددددددد ن     ن  دددددددد  ا تنّ

 76ل5ج جدددددد ة  تّ اتدددددد لأنلأ  45ل2ائلاسددددددوي  ل امه ددددددم ائحدددددديا ع ائ قددددددد       و دددددد    ددددددل تدددددد لأنلأ 

اسدددددددنلاو    دددددد  ج جدددددد ة  تّق ت قنقدددددد    لأاى    ئ دددددد    وددددددد ائدددددد ن   تددددددّ  دددددد    ج دددددد ل ااددددددلن تدددددد ن 

ددددددد مر ائ  يددددددد ا  ائ   ددددددد     ( ئو ّددددددديل  ودددددددد ائ نطددددددد ا ّ ائدنددددددد لأنلأمن ّ ائ   دددددددي  ّ DMSائشن

ات سددددد ّ تيامدددددت ائ   نهددددد     دددددل ائدنددددد لأنلأا  ائ طوي ددددد ل اتددددد ن تج  ددددد  ائحددددديا ع ائ قدددددد    ودددددد 

توددددد (ل اادددددل  و ددددد   6ل1 ×توددددد   27 ×توددددد   27 أ هددددد لأ  و ددددد    FR-4ط قددددد   سددددد   تدددددّ ندددددي  

% 73% ا 95ج جددددددددد ة  تّ  76ل5ج جددددددددد ة  تّ ا  45ل2 دددددددددل ائدنددددددددد لأنلأمّ مه ئ ددددددددد  ائ    ددددددددد    

دددددب ائحددددديا ع ائ قدددددد   م وددددد     ددددد  تدددددّ   84ل2لأمسددددد  م ا ددددديائع  65ل2 ودددددد ائد ت دددددبل  تددددد   ست

 ّ ائ   ي  ّ  ود ائد ت بللأمس  م   ل ائ نط ا ّ ائدن لأنلأم 

ّدددددد  اائدن  دددددد  ت    ت دددددد  اتّدددددد  ه  ام ت  قُّددددددت تدددددددّ اائجددددددلم    ئدددددد ن    لن ائحدددددديا ع ائ قددددددد   ت ن

ن ّ ا  ودددددد ميددددد ل  ن ّ ا لأندددددد اائددددد ن دددددل اّنجددددد   ائ قددددد     دددددل ائددددد ن ددددد  مقت خّ  ّددددد    و ددددد  ل  تن

ج جددددددددد ة  تّق ا  88ل2ج جددددددددد ة  تّ  ئدددددددددد  13ل2% ت ط ددددددددد   ائ نطددددددددد   ائدنددددددددد لأنلأ  تدددددددددّ 94ل29

ج جدددددددد ة  تّ  وددددددددد  01ل6ج جدددددددد ة  تّ  ئددددددددد  65ل5% ت طن دددددددد   ائ نطدددددددد   ائددددددددد لأنلأ  تددددددددّ 2ل6

ددددددد  ائ  ق ننددددددد   ددددددد تّ ن دددددددر اّلددددددده   ائ قددددددد   ئوحددددددديا ع ائ قدددددددد   ان دددددددر ائدن ت دددددددبل  ددددددد ئ  ت ن

 اّله   ئوحيا ع ائ قد    ّ ط مت ائ      ق   ث اتن ق   شيمٍ     ل

امد  دددددّ ائحددددديا ع ائ قدددددد     سددددد ط  تّددددد     اسدددددحيئ  تّددددد  ه  ا ددددد    ج ددددد ق تددددد    وددددد  

ددددد ن  ئحددددد ق ا تددددد  ائنددددد   مجهوددددد  تلا  ددددد   ئ لاسددددددنلاو مدددددع  شددددديمٍ ج ندددددل   دددددل ائدنددددد لأنلأا  ائنددددددع   

  ن    ا تنّ    ائلاسوي  ل 
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