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Abstract:  In this paper, a simple low-cost single-layer flexible monopole antenna is designed and proposed. The antenna consists 

of a radiation rectangle with staircase edges, Feeding line, and two ground planes with staircase shape. The antenna is designed on 

an inexpensive polyamide flexible material of thickness 0.1 mm and dielectric constant of 3.5. The proposed antenna has a 

compact size of 20×20×0.1 mm3. All antenna dimensions were varied and investigated to determine the best possible results, 

mainly, reflection coefficient and bandwidth. The design of the proposed antenna is carried out using the commercially available 

High Frequency Field Solver software (HFSS). 

 

Index Terms – Flexible antenna, Monopole Antenna, Wearable Electronics. 

I. INTRODUCTION 

Over the past few years, the demand for wearable communication technologies has rapidly increased for application such as 

Internet of things (IOT), consumers electronics, and smart home application. Antennas plays a vital role in the rapid development 

of wearable electronics [1]. In 2002, the federal Communication Commission (FCC) allocated the frequency range of 3.1 – 10.6 

GHz to Ultra-wideband (UWB) antennas. Since then, numerous numbers of UWB antennas were designed including rigid and 

flexible antenna. In wearable devices, flexible antennas are highly required for their unique features: small size, light weight, and 

flexibility [2-3].  

Several flexible antennas were reported in the literature including Fractal-Slot Multiband Antenna [4], Dual-Band Flexible CPW-

fed Antenna [5], Fan-Shaped and Trapezoidal Elements [6], and Miniaturized Cross-Lines Rectangular Ring-Shaped Flexible 

antenna [7].  

In this paper, A simple low-cost single-layer compact flexible monopole antenna is designed and proposed. The antenna has a 

radiating rectangular shape with staircase edges fed through a 50 Ω microstrip line. It also has two identical rectangular ground 

planes with staircase edges coupled to the microstrip feedline. The antenna has a small size of 20 × 20 × 0.1 mm3 and is designed 

on inexpensive polyamide substrate of thickness 0.1 mm, relative permittivity 3.5, and loss tangent, tanδ = 0.02. The design of 

this antenna is carried out using the commercially available High Frequency Field Solver software (HFSS). 

 

II. ANTENNA DESIGN 

The design of the antenna started with a simple radiating rectangle, microstrip feedline, and two Ground (GND) planes on each 

side of the microstrip line as shown in Figure 1. The width of the Microstrip line is 1 mm which result in a 50 Ω feedline 

characteristic impedance. 
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Figure 1 Basic Antenna Shape 

Simulating the basic antenna shape showed a small resonant frequency at 5.8 GHz as shown in Figure 2. The antenna result is not 

sufficient for wearable applications because the bandwidth is very small, and the reflection coefficient is relatively high (-11 dB) 

at the centre frequency.  

 

 

Figure 2 Reflection Coefficient of Basic Antenna 

To increase the bandwidth of the antenna and enhance the reflection coefficient, rectangular cuts are added to the propagator 

shape of the antenna as illustrated in Figure 3. In Figure 3a, 3b, and 3c one, two, and three rectangular cuts added. The effects on 

antenna bandwidth and reflection coefficient are shown in Figure 4.  
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                                       (a)                                                              (b)                                                       (c)  

Figure 3 Rectangular Cuts added to Propagator a) One cut. b) Two cuts. c) Three cuts 

 

Figure 4 Effects of adding Rectangular Cuts to Propagator 

As illustrated in Figure 4 adding rectangular cuts (stairs) to propagator shape enhances the bandwidth of the antenna and 

reflection coefficient. It also introduces a second and third resonant frequencies at 7GHz and 9 GHz, respectively. The best result 

is achieved when adding three cuts to propagator rectangle. The rectangular cuts can also be added to the GND planes as shown in 

Figure 5. The effects of adding the one and two cuts to GND plane are shown in Figure 6. 

 

                                                 (a)                                                   (b)                                                 (c) 

Figure 5 Rectangular Cuts added to GND Plane a) Basic Antenna. b) One cut. c) Two cuts 
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Figure 6 Effect of adding Rectangular Cuts to GND Planes 

As seen in Figure 6 adding GND cuts (staired GND) enhances the bandwidth and reflection coefficient of the antenna. In the next 

step the staired propagator (with three cuts) is added to the staired GND plane with two cuts. The reflection coefficient of the 

staired propagator and staired GND planes is shown in Figure 7 in comparison to the staired propagator with rectangular GND 

and the rectangular propagator with staired GND. 

 

Figure 7 Comparison of Staired Propagator and GND planes 

As explained on Figure 7, the staired propagator and GND planes antenna has the highest bandwidth and best reflection 

coefficient values. The antenna has three resonant frequencies at 4.0 GHz, 5.2 GHz, and 9.3 GHz with a bandwidth of 2GHz, 0.7 

GHz, and 0.5 GHz, respectively. Thus, the antenna is suitable for wearable applications. The optimised antenna with staired 

propagator and GND plane is shown Figure 8 and the optimised antenna parameters are listed in Table 1. 
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Figure 8 Optimized Antenna Parameters 

Table I Optimized Antenna Parameters 

Parameter Value (mm) Parameter Value (mm) 

W 20 L 20 

W1 1 L1 5 

W2 6.3 L2 3.3 

W3 8.3 L3 5.3 

W4 13 L4 7 

W5 15 L5 15 

W6 8.3 L6 4.6 

W7 5.7 L7 4 

W8 1.2 L8 1.2 

 

The dimensions of the proposed antenna were optimised using trial and error approach. All proposed dimensions were varied and 

compared to yield the best possible result, mainly, highest bandwidth and best reflection coefficient. Figure 9a-9g show the 

effects of varying the w parameters listed in Table 1. the effects of varying the L parameters are shown in Figure 10a-10g. The 

parameters listed in table 1 yield the best possible result as seen Figures 9 and 10. 
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                                                           (a)                                                                                          (b) 

 
                                                             (c)                                                                                        (d) 

 
                                                             (e)                                                                                        (f) 

 
                       (g) 

Figure 9 Effects of Varying W parameters. a) W1. b) W2. c) W3. d) W4. e) W5. f) W7. g) W8 
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                                                           (a)                                                                                            (b) 

 
                                                          (c)                                                                                            (d) 

 
                                                             (e)                                                                                          (f) 
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                          (g) 

Figure 10 Effects of Varying the L parameters. a) L2. b) L3. c) L4. d) L5. e) L6. f) L7. g) L8 

 

III. RESULTS AND DISCUSSION 
The final optimised (proposed) antenna has three resonant frequencies centred at 4.0 GHz, 6.6 GHz, and 9.3 GHz. The impedance 

bandwidth for each resonant is 2 GHz, 0.7 GHz, and 0.5 GHz, respectively. The reflection coefficient of the antenna is shown in 

Figure 11.  The antenna has an omni-direction radiation pattern as shown in Figure 12 and 13. The 3-d radiation pattern of the 

antenna is shown in Figures 12a, b, and c at 4.2, 5.3, and 6 GHz, respectively. Figures 13a, b, and c show the 2-d radiation pattern 

of the antenna at 4.2, 5.3, and 6.0 GHz, respectively where the XZ plane represent the E-field and the YZ plane represent the H-

field. The maximum gain of the proposed antenna is 1.5 dBi at 4GHz, 2.0 at 6.6 GHz, and 2.8 GHz at 9.3 GHz. The maximum 

gain is shown from 1-10 in Figure 14. 

 

 

Figure 11 Reflection Coefficient of Proposed Antenna 
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Figure 12 3-d Radiation Pattern at a) 4.2 GHz. b) 5.3 GHz. c) 6.0 GHz. 

http://www.ijcrt.org/


www.ijcrt.org                                                                 © 2022 IJCRT | Volume 10, Issue 4 April 2022 | ISSN: 2320-2882 

IJCRT2204367 International Journal of Creative Research Thoughts (IJCRT) www.ijcrt.org d244 
 

 
                                                         (a)                                                                                     (b)   

 

 
(c) 

Figure 13 2-d Radiation Pattern at a) 4.2 GHz. b) 5.3 GHz. c) 6.0 GHz 
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Figure 14 Maximum Gain of Proposed Antenna 
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