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Abstract

In this paper, we proposed a compact printed monopole antenna with an inverted L-shaped slot for dual-band 

operations. Two operating frequency bands are achieved with the use of an inverted L-shaped slot etched on 

the radiating strip for bandwidth enhancement and a defected ground structure for return loss improvement 

in the higher frequency band. The measured results show that the proposed antenna has impedance bandwidths 

(S11< -10 dB) of 270 MHz (1.81–2.08 GHz) and 340 MHz (2.36–2.70 GHz), covering the required bandwidths 

for PCS (1850.5–1989.5 MHz), CDMA 2000 (1850–1990 MHz), TD-SCDMA (1880–2025 MHz) and 2.4 GHz 

WLAN (2400–2484 MHz). The measured return loss of the proposed antenna has a good value of 

approximately 27.2 dB at 2.4 GHz WLAN. The antenna’s peak gains also have a high value of 1.92 dBi at 2 

GHz and 2.12 dBi at 2.45 GHz. The proposed antenna shows omnidirectional radiation patterns over the entire 

frequency range of interest.
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1. Introduction

Recently, with the increasing of demand for the variety of mobile communication services, the development 

of printed monopole antenna for dual-band operation have been required owing to its appealing properties such 

as omnidirectional radiation, simple in structure and hardness. In consequence, the variety of planar printed 

antennas such as inverted-F antenna [1], printed dipole antenna [2], double-T monopole antenna [3], inverted-

L monopole antenna [4], dual-band microstrip patch antenna [5] and dual-band antenna with double L-slits [6] 

have been developed for dual-band operations. However we observed that the previous dual- band printed 

antennas[1-6] have drawbacks such as somewhat large size and a complicated geometry. In order to resolve 

these disadvantages, a coplanar waveguide (CPW)-fed printed monopole antenna with an n-shaped slot for 

dual-band operations was proposed in [7]. However, in the case of the monopole antenna in [7], there is still a 

need for improvement concerning the return losses as well as bandwidth enhancement. This is due to 

observations of noticeably small return losses and narrow bandwidth at 2.4 GHz WLAN band.

IJIBC 20-1-5

Manuscript Received: November. 10, 2019 / Revised: November. 15, 2019 / Accepted: November. 21, 2019
Corresponding Author: yslee@kumoh.ac.kr
Tel: +82-10-3826-4810, Fax: +82-54-478-7501
Professor, Department of Electronic Engineering, Kumoh National Institute of Technology, Korea



38                          International Journal of Internet, Broadcasting and Communication Vol.12 No.1 37-44 (2020)

A printed monopole antenna with an inverted L-shaped slot for dual-band operation is proposed. When 

compared with the previous monopole antenna in [7], bandwidth enhancement is achieved by etching an 

inverted L-shaped slot on the radiating strip and return loss improvement is achieved by the use of defected 

ground structures (DGS) [8] respectively.

2. Antenna Design

A printed monopole antenna with an inverted L-shaped slot and DGS, as shown in Figure 1, is proposed for 

dual-band operations. Here inverted L-shape slot etched on the radiating strip can be regarded as a conventional 

n-shaped slot cut along its symmetry axis for bandwidth enhancement as in [9] and the ground plane is partially 

etched to generate DGS for return loss improvement in the higher frequency band[10]. In this study, a prototype 

antenna is designed with low cost FR4 substrate which has a size of 30 × 55���, thickness of 1.6mm and 

dielectric constant of 4.4. The simulation design is carried out using CST’s microwave simulator (MWS) for 

obtaining proper dual-band operation. The final optimum design parameters are as follows(in millimeters): L1 

= 30, L2 = 19.4, L3 = 0.5, L4 = 0.5, L5 = 19, W1 = 0.65, and W2 = 0.45.

Figure 1. Geometry of the proposed dual-band monopole antenna with inverted L-shaped slot 

Figure 2 shows the simulated results for S11 with different dimensions of W2. In Figure 2, as the width of the 

inverted L-shape slot of W2 becomes wider, the first minimum points of S11 move downwards because a 

resonant perimeter in the radiating strip becomes effectively longer, while the second those move upwards due 

to the excitation of a higher mode in the widened inverted L-shaped slot. Therefore, a suitable value of W2 is 

required for desired dual-band antenna design because the interval between the two resonant frequencies is 

decided by the width of W2.
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Figure 2. Simulated S11 of the proposed dual-band monopole antenna for various values of 

W2.

Figures 3 and 4 show the simulated results of S11 for various dimensions of L1 and L2, respectively. In Figure 

3, as the height of the radiating strip of L1 gets higher, the whole minimum points of S11 move downwards and 

the first minimum points correspondent to first resonant frequencies have particularly great change. In figure 

4, as the length of the slot of L2 gets longer, the second minimum points of S11 move downwards, which the 

first those nearly don’t move. As for these results, it is evident that the lower and higher band are mainly 

dependent on L1 and L2, respectively. To show the effect of the DGS on the improvement of impedance 

matching, the variations of S11 for various values of L4 have been simulated.

Figure 3. Simulated S11 of the proposed dual-band monopole antenna for various values of L1.
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Figure 4. Simulated S11 of the proposed dual-band monopole antenna for various values of L2

As shown in Figure 5, the proposed antenna has the smallest S11 in higher band when L4 = 0.25 mm. Therefore, 

it is obvious that the proper value of L4 exists for the impedance matching in the higher band.

Figure 5. Simulated S11 of the proposed dual-band monopole antenna for various values of L4.

In the previous section, dual-band antenna was optimized by analyzing dimensional changes of various 

parameters. Before discussing the measurement results, the comparison of S11 between the non-slot and L-slot

is shown in Figure 6 to confirm the effect of slots. In the absence of slot, a single band exists at the 2GHz band

because of existing only radiation from strip line. In the case of L-slots, resonance is generated by the 

capacitance and inductance in the slots. Therefore, an additional 2.4 GHz WLAN band is created.
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Figure 6. Comparison of non-slot and L-slot S11 of the proposed dual-band monopole antenna.

3. Results and Discussion

Figure 7 shows the photograph of the fabricated dual-band monopole antenna with ridged cable connected at 

the feeding point. 

Figure 7. Experimented setup for testing of the proposed dual-band monopole antenna.

To verify the validity of design results, the simulation and measurement result of S11 for the proposed antenna 

are compared and shown in Figure 8 and the two results are well matched. We measured the antenna using an 

Agilent E5071C Network Analyzer. The S11 and radiation patterns of the antenna were measured in the 

Anechoic Chamber. The measurement results of S11 show that impedance bandwidths are 270 MHz (1.81-2.08 

GHz) in lower frequency band and 340 MHz (2.36-2.70 GHz) in higher frequency band respectively. When 
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compared with the measured bandwidths of 140 MHz (2.39-2.53 GHz) in higher band range obtained by the 

previous monopole antenna [7], it is notable that the current value of 340 MHz (2.36-2.70 GHz) is a significant 

improvement in higher band range. Furthermore, the measured return loss of the proposed antenna is about 

27.2 dB, while only 16.3 dB for the previous antenna in [7].

Figure 8. Comparison of simulated and measured S11 for the proposed dual-band monopole antenna.

The simulated and measured radiation patterns in both H-plane(x-z plane) and E-plane(x-y plane) at dual 

passband frequency of 2 and 2.45 GHz are shown in Figure 9. Both the simulated and measured patterns show 

that the antenna has omnidirectional and bidirectional patterns in the H-plane and the E-plane respectively like 

a typical monopole antenna at 2 and 2.45 GHz. Moreover, the antenna has the peak gains of about 1.92 dBi at 

2 GHz and 2.12 dBi at 2.45 GHz, whereas those are 1.8 dBi and 1.3 dBi, respectively in [7].
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Figure 9. Comparison of measured and simulated results of far field radiation pattern in H-plane(x-z 

plane) and E-plane(x-y plane) at (a) 2 GHz (b) 2.45 GHz

4. Conclusion

In the present study, a dual-band monopole antenna, which has improved return loss as well as an enlarged 

bandwidth in higher frequencies as compared to the previously studied antennas, has been proposed and 

fabricated. The improved results of impedance bandwidths and reflection losses are achieved using the inverted 

L-shaped slot and DGS. The measurement results of S11 show that impedance bandwidths are 270 MHz (1.81-

2.08 GHz) and 340 MHz (2.36-2.70 GHz) in lower and higher frequency band. When compared with the 

previous monopole antennas, having a wide bandwidth of 340MHz (2.36-2.70GHz) is one of the advantages 

of this antenna. In addtion, the measured return loss of the proposed antenna has a good value of approximately 

27.2 dB. The antenna’s peak gains also have a high value of 1.92 dBi at 2 GHz and 2.12 dBi at 2.45 GHz. In 

sum, proposed antenna has the advantages of its being compact, planar, low cost, easy to manufacture, and its 
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ability to generate omnidirectional patterns. Therefore, it is expected that the proposed antenna can actually be 

used as dual-band printed antenna for the PCS / CDMA 2000 / TD-SCDMA and WLAN application.
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