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1. INTRODUCTION 

     Combining the traditional Ultra-wideband (UWB) antennas with modern integrated systems is not feasible due to the 

complicated systems and big dimensions. The low-profile planar antennas are a favorite in UWB applications. Therefore, 

the surface antennas are taken into consideration when they are fed by a coplanar waveguide based on their significant 

competencies e.g., broadband frequency ranges, compact size, simple matching with integrated circuits, and stable 

radiation patterns. Several structures of the monopole antenna have been studied in wideband applications including 

circular, square, elliptical, trapezoidal, rectangular, and mixed-shape structures [1]-[7]. Various approaches have been 

suggested to improve the antenna bandwidth. Printing parasitic elements around the main monopole antenna can increase 

the bandwidth of the planar antenna [8]-[12]. The triangular monopole antenna in previous studies had a good impedance 

bandwidth but needs to be enhanced to achieve better performance [13]-[14]. Another way to improve the antenna 

bandwidth is to shape the ground plane. In [16], the slots are cut from the circular monopole antenna and ground plane. 

A trapezoid monopole antenna with a sleeve and slots embedded in the ground plate to increase the bandwidth was 

presented in [17].  

     This work introduces a new triangular radiator with two-pair sleeves ranging from 2.45-11 GHz. Finally, the ground 

plane of the suggested antenna is modified circularly. 

 

2. ANTENNA STRUCTURE 

     Fig. 1 presents the suggested antenna. As shown, the ground plate is truncated and parasitic elements are extensions 

of ground planes as sleeves. The substrate is FR-4 with 𝜀r=4.3. The two-pair sleeves are parallel to the monopole radiator 

and have grown out of the ground plane. The printed-strip sleeve lengths and spacing are denoted as LS1, LS2, WS1, and 

WS2, respectively. The variables include the monopole height (hm), sleeves lengths (LS1, LS2), monopole, sleeves flare 

angle (𝜃), sleeves widths (WS1, WS2), and spacing between the sleeves and the monopole (S1, S2). 

ABSTRACT: 
This paper proposes a monopole antenna with two-pair sleeves that is fed through a coplanar waveguide. 
The new structure is composed of a triangular radiator and sleeves in size of 40× 40×1.6 mm3. The 
suggested structure is constructed on an FR-4 PCB layer with a dielectric constant of Ԑ r=4.3. The best 
results are obtained by parameters sweep study with the CST simulator. According to the results, the 
bandwidth range is 2.45-11 GHz, expressing that the compact design covers an ultrawide bandwidth. The 
optimized antenna is manufactured and the measurement outcome of the return loss is compared with the 
CST simulator results at various frequencies, representing a satisfactory consistency of simulation and 
measurement results. 
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Fig. 1. Geometry of proposed triangular sleeves monopole antenna. 

 

3. ANALYSIS AND SIMULATION 

     The appropriate structure of the antenna is designed and simulated with the genetic algorithm (GA) optimizer at the 

CST simulator. The aim of the optimization process was to determine the antenna dimensions which resulted in a return 

loss of less than -10dB. The GA is a method of random search; thus, it is not accurate. Therefore, the results of the model 

were improved by Sweep parameters. The strip and gap width are set to 2.6 mm and 0.28 mm respectively to reach the 

50ohm CPW feed. The optimal selected parameters are shown in Table 1. 

 

Table 1. The best parameters of the antenna. 

parameters Value(mm) 

hm 10.8 

LS 2.8 

WS 1.3 

l 25 

S1 1.2 

S2 4 

𝜃 0.72(rad) 

W 40 

 

      As displayed in Fig. 2, the antenna bandwidth is 2.5-5.1 GHz without the sleeves, which denotes a relatively small 

bandwidth. Through adding two-pair sleeves to the printed triangular radiator, the bandwidth is improved, covering the 

2.5-7.5 GHz range (return loss ≤ −10 dB), however, two-pair sleeves sound more efficient because of the wide 

impedance bandwidth from 2.45 to 11 GHz. Furthermore, we study three pair sleeves surrounding the monopole antenna, 

which leads to increased antenna size, without improving the bandwidth. 

 



Majlesi Journal of Telecommunication Devices                        Vol. 13, No. 1, March 2024 
 

19 
 

Fig. 2. The results of the simulation of the S11 of the designed antenna without the sleeve, with one and two-pair 

sleeves. 

 

4. PARAMETRIC STUDY AND DISCUSSION 

      Fig. 3 shows the simulations of the current distributions from the suggested structure at the frequencies of 5.5, 7.5, 

and 9.5 GHz respectively. It represents a strong current distribution around the sleeves and curved ground.  

 

 
(a) 

 
(b) 

 
(c) 

Fig. 3. Simulation of the current distributions for the suggested structure at, a) 5.5 GHz, b) 7.5 GHz, c) 9.5 GHz. 

 

       Fig. 4 presents the effect of flare angle (𝜃) on the return loss. It is a main parameter at the return loss of the structure. 

The optimum return loss for flare angle is about 𝜃 =0.72 rad.  
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Fig. 4. Simulation results of the return loss for several flare angles (𝜃). 

 

      The return loss curves shown in Fig. 5 are derived through simulations of various monopole heights. The monopole 

height affects lower frequencies of bandwidth. The optimum return loss is about hm=10.8 mm for monopole height. 

 

 
Fig. 5. Simulated return loss for several monopole heights (hm). 

 

      The spacing between sleeves and the main radiator effect the higher frequency of bandwidth, as shown in Fig. 6. 
The best results are obtained for S1 (spacing between the main radiator and the near sleeve) = 1.2 mm and S2 (spacing 

between the main radiator and farther sleeve) = 4 mm. 

 
(a) 
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(b) 

Fig. 6. The results of the simulation of the S11 for several values of spacing between the main radiator and sleeves; a) 

the near sleeves (S1), b) the farther sleeves (S2). 

 

      Fig. 7 illustrates the simulation of the return loss for several sleeve-length LS. The sleeve length affects all over the 

bandwidth, as observed. LS=2.8 mm has the best bandwidth. 

 
Fig. 7. The Simulation results of the S11 for several values of sleeves length (Ls). 

 

      The simulation results of the S11 for various amounts of sleeve width are plotted in Fig. 8. All of the values control 

good bandwidth, but WS =1.3mm holds the better result. 

 

 
Fig. 8. The Simulation results of S11 for sleeves width (WS). 

 

Fig. 9 displays the peak gain of the suggested sleeve structure. The peak gain is almost 6.8 dBi at 10.7 GHz frequency. 
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Fig. 9. The peak gain of the suggested sleeve monopole antenna. 

 

5. FABRICATION AND MEASUREMENTS 

      An experimental evaluation of the optimized antenna was conducted by implementing and testing the proposed 

antenna. For this purpose, the printed sleeves monopole antenna is manufactured on an FR-4 PCB substrate. Fig. 10 

shows the manufactured proposed antenna. 

 

 
Fig. 10. The manufactured sleeves monopole antenna. 

 
      The return loss curves of the measuring and simulation results of the designed structure are plotted in Fig. 11. The 

10-dB bandwidth reaches 2.45 - 11 GHz to meet the requirements of the UWB application. According to equations 1 

and 2, the bandwidth efficiency is 127.14%. 
  

𝐵𝑊(%) =
𝑓𝐻−𝑓𝐿

𝑓𝐶
                                                                         (1) 

𝑓𝐶 =
𝑓𝐻+𝑓𝐿

2
                                                                                 (2) 

 

      Where 𝑓𝐻, 𝑓𝐿, 𝑓𝐶 are the operation band's upper, lower, and center frequency, respectively. The simulation 

corresponds to measurement fairly. 

 
Fig. 11. Results of simulation and measuring of return loss. 

2 4 6 8 10 12
-35

-30

-25

-20

-15

-10

-5

0

S
1
1
(d

B
)

freq.(GHz)

 

 
meas

cst



Majlesi Journal of Telecommunication Devices                        Vol. 13, No. 1, March 2024 
 

23 
 

 

The radiation profiles measured in the x-y E and H planes at 5.5 GHz are shown in Fig. 12. 

 

 
(a) 

 
(b) 

 
(c)  

 
(d) 

Fig. 12. The measuring results of the radiation patterns from the designed structure at 5.5 GHz; a) Co polarization in 

E-Plane, b) Cross polarization in E-Plane, c) Co polarization in H-Plane, d) Cross polarization in H-Plane. 
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      Finally, a comparison proposed antenna with recent monopole antennas are in Table 2. This table verifies the 

improvement in the bandwidth of our proposed antenna. 

 
Table 2. Comparison between monopole antennas 

Reference 
Frequency range 

(GHz) 

Bandwidth 

(%) 

Dimensions 

(mm3) 

[18] 0.24-0.95 119.3 30×30×320 

[19] 3.92-7.52 62.94 30×32×1.6 

[20] 2.87-11.44 119.7 22×18×1.6 

[21] 0.47-0.9 63 185×45×1.6 

[22] 0.2-0.51 86 530×150×50 

[23] 2.4-7.6 104 40.5×30.5×1.6 

Proposed 

antenna 
2.45-11 127.14 40×40×1.6 

 

6. CONCLUSION 

      The printed sleeve triangular monopole antenna was proposed. The CPW-fed characteristics, circular ground plane, 

and       loading two-pair sleeves are tuned to the input impedance matching. The low profile of the designed structure 

is appropriate for integrated systems. The proposed structure has achieved an ultra-wide bandwidth. The accuracy of the 

result has been verified by the agreement between the simulation and measurement results. Also, the measurement 

results of the radiation patterns of the designed structure show the omnidirectional antenna. This design is a potential 

alternative for future UWB devices based on the results. 
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