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Abstract ─ A microstrip line-fed monopole antenna is 

proposed and investigated using a structure of parasitic 

element for super-wideband applications. The parasitic 

element consists of 4 rectangular embedded slots on the 

ground plane. This parasitic element on the ground plane 

leads the UWB frequency band into the SWB frequency 

band. This proposed monopole antenna is fed by a 

microstrip line and is printed on low dielectric FR4 

material of 1.6 mm thickness. All the simulations are 

performed using commercially available, finite element 

method (FEM) based Ansoft high-frequency structure 

simulator (HFSS) software and CST Microwave Studio. 

Measured results exhibit that the proposed disc-shaped 

antenna shows a wide bandwidth which covers from 2.90 

GHz to more than 20 GHz, with a compact dimension of 

25 mm × 33 mm for VSWR <2, observing an extended 

ultra-wideband frequency. A good combination is noticed 

between simulation and measurement. This proposed 

SWB antenna delivers impedance bandwidth covering 

the L, C, X, Ku bands and points out sharply surface 

current flow and nearly omnidirectional radiation 

patterns, which is appropriate for UWB or SWB 

applications. 

 

Index Terms ─ Microstrip line, parasitic element, Super 

Wide Band (SWB), Ultra-Wide Band (UWB). 
 

I. INTRODUCTION 
The Federal Communications Commission (FCC) 

introduced the announcement of 3.1-10.6 GHz frequency 

band for commercial application of UWB technology 

[1]. The UWB antenna is the dominant figure of wireless 

communication and UWB technology. The utilization 

and the research of UWB antennas have been rising 

sharply with the demand of the integration and 

miniaturization and the improvement of high-speed 

integrated circuits. Owing to various merits such as high 

data rate, high salvation to multi path interference, large 

band width, small emission power, remote sensing 

applications and low cost for short range access. Major 

differences are observed between UWB and SWB 

antennas. In the information warfare, SWB antenna 

plays an important role as a key component of electronic 

counterwork equipment, while UWB antenna is 

extensively applied in communication and impulse radar 

systems. UWB covers the frequency range from 3.1 to 

10.6 GHz with a ratio bandwidth of 3.4:1, while more 

than 8:1 or 10:1 is the ratio bandwidth of the SWB 

antenna. 

In the recent years, several ultra-wideband antennas 

have been reported [2-10]. These antennas have various 

designs of monopole structures, such as triangular [2], 

square [3-4], rectangular [5] semi-circle [6], and circular 

disc [7] monopole antennas. Some of these UWB 

antennas are not appropriate to be integrated with 

associated UWB electronics and some do not have 

simple structure and are not suitable to be integrated. 

And the typical feeding techniques include simple 

microstrip lines [8], CPW feeds [9], and slotted structures 

[10]. For these antenna design structures, the operations 

of the antenna are usually limited within 3.1-10.6 GHz 

UWB frequency range. In order to attain super wide 

frequency band, different methods and techniques have 

already been proposed. Recently, there are various 

literatures on SWB microstrip antennas [11-22]. For 

instance, in [11], a compact super wideband antenna  

was proposed with switchable dual band-notched 

characteristics for 3 to 33 GHz band. However, this 
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antenna contained no validation experimentally. A 

compact semielliptical antenna was proposed, which was 

fed by a tapered coplanar waveguide [12]. The mentioned 

antenna is appropriate to cover from 0.46 GHz to 9.07 GHz 

frequency with a measured bandwidth ratio of 19.7: 1. In 

[13], a circular shaped asymmetrical dipole antenna was 

presented. This reported antenna attained an operating 

frequency band covering from 0.79 to 17.46 GHz with a 

dimension of 90 mm × 135 mm. A novel SWB antenna 

was proposed, which achieved a frequency band from  

5 GHz to 150 GHz in [14].Although huge bandwidth 

exists, it is not appropriate for lower frequency bands 

such as S band communication and WiMAX. A half 

circular antenna of antipodal slot was designed with a 

range of 0.8 GHz to 7 GHz super wide band frequencies 

[15]. An asymmetrical dipole antenna of super-wideband 

was stated in [16]. A planar super wide band antenna of 

disc shape was designed with C-like slots in [17]. This 

mentioned antenna obtained bandwidth covering within 

3-32 GHz with an overall dimension of 30 mm × 29:1 mm. 

An extremely wideband monopole antenna was designed 

with triple-band notched characteristics in [18]. The 

reported antenna acquired a bandwidth covering from 

0.72-25 GHz with a size of 150 mm × 150 mm. In [19], 

a monopole antenna was presented for SWB applications. 

However, it’s three dimensional structure makes it 

difficult to be integrated into portable devices. The peak 

gain is high but the antenna structure is too large. In 

addition, the reported [17-19] antennas do not cover K-

band which introduces a new arena to design antenna 

that covers S, C, X, Ku, K and Ka bands. A monopole 

antenna was proposed for SWB applications [20]. This 

antenna covers the UWB demands including gain and 

bandwidth. At lower frequencies (2-2.5 GHz), the input 

impedance is not matched properly and the dimension is 

too large, that is 35×77 mm2. A SWB antenna was 

proposed with printed patch and tapered feed region in 

ref. [21]. The input impedance being mismatched at 18-

19 GHz frequencies creates variant group delay and the 

antenna structure is too large, 40×30 mm2. A printed 

SWB antenna was presented and studied [22]. The 

overall antenna dimension is too large. A printed 

wideband antenna was narrated for multi-band wireless 

systems [23]. This antenna acquired wide bandwidth 

covering from 1:08 to 27:4 GHz, with a dimension of 

124 mm × 120 mm × 1:5 mm. A monopole antenna of 

compact disc was designed for future UWB applications 

where operating bandwidth 3:5-31:9 GHz with a 

dimension of 35 mm × 30 mm × 0:8 mm [27]. An ultra-

wideband antenna was proposed using capacitively 

loaded loop (CLL) with band-notched characteristics 

where covering bandwidth from 3 to 11 GHz with a 

dimension of 34 mm × 27 mm × 0:8 mm [25]. A printed 

ultra-wideband antenna was presented using inverted L-

slit with band-notched characteristics where executing 

frequency band 2:82-13:95 GHz with a dimension of 30 

mm × 36 mm × 0:4 mm [26]. 

In this paper, a disc-shaped printed microstrip 

antenna with the parasitic element on the ground plane 

that attains a compact SWB profile physically belonging 

to nearly omni-directional radiation characteristics, gain 

and reasonable current distribution is presented. The 

mentioned disc-shaped SWB antenna is made of circular 

radiating patch and the ground plane containing the 

parasitic element on the upper portion, generating a 

super wide bandwidth ranging from 2.90 to more than  

20 GHz. The antenna formation is smooth with simple 

design and comfortable fabrication. The parasitic element 

structure is inserted on the upper portion of the ground 

plane to generate super frequency band for SWB 

applications. By virtue of significant selection of the 

parasitic element structure, it is observed that the 

reported antenna can obtain the operating SWB frequency 

band. 
 

II. ANTENNA DESIGN ARCHITECTURE 

AND OPTIMIZATION  
The geometrical outline of the proposed disc-shaped 

SWB antenna is demonstrated in Fig. 1, which is printed 

on both sides of a low cost dielectric, 1.6 mm thick FR4 

substrate material belonging to permittivity of 4.6 and 

loss tangent 0.02. Finite element method (FEM) based 

Ansoft high-frequency structure simulator (HFSS) 

software, which is commercially available, has been 

used for all the simulations in this research. The reported 

SWB antenna has been designed following the UWB 

antenna1 indicated Fig. 2. This antenna is made of a disc-

shaped radiating patch with a radius of R. The partial 

ground plane with the parasitic element is printed on the 

lower part of the substrate, where on the upper portion of 

the substrate; the disc-shaped radiator is printed using a 

microstrip line feeding. 

The width and length of the microstrip line are stable 

with a view to attaining the 50 Ω input impedance. The 

port of the microstrip feed line is attached to a Sub 

Miniature version A (SMA) connector. The gap between 

the parasitic element and the partial ground plane is 

denoted using g1.Wsub × Lsub × Hsub is the thorough size 

of the proposed SWB antenna. The parasitic element is 

implanted on the upper position of the partial ground 

plane to create super frequency band. The parasitic 

element is made of four embedded rectangular slots to 

achieve the characteristics of super wideband. However, 

the position of the parasitic element plays an important 

role in order to determine the super frequency band of 

the proposed SWB antenna. In case of SWB antenna 

structure, the function of the resonator is to create and 

control super wide frequency band sharply. Because of 

exhibiting these properties, this parasitic element is a 

perfect resonator structure. In spite of implanting this  
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parasitic structure, the thorough antenna size is 

unchanged where, for the perfect resonator structure, 

excessive space is no longer required. 

The optimized value of the antenna design 

parameters are identified in Table 1. The proposed SWB 

antenna is positioned in the x-y plane as well as the 

normal direction is leaded as parallel to the z-axis in  

Fig. 1 (c). Basically, the patch was circular and some 

modifications were performed on the ground plane. To 

enhance the impedance bandwidth, the following 

measures are used as shown in Fig. 2. 

a) Adding a rectangular slot of about 300 angles, length 

of l1, and width of 0.87 mm on the upper part of the 

ground plane as a parasitic element. 

b) Embedding a slot with length of w1, width of 1 mm 

horizontally. 

c) Attaching a slot of about 3300 with length of l2, 

width of 1 mm. 

d) Adding a slot of 300 with length of 10.1 mm, width 

of 1.1 mm  

By choosing the optimized parameters reported in Table 

1, the proposed SWB antenna can be tuned for operating 

in SWB applications. 

 

 
   (a)   (b) 

 
 (c) 

 

Fig. 1. The geometry of the proposed antenna: (a) top 

layer, (b) bottom layer, and (c) side view. 

 
   Antenna1  Antenna2 

 
   Antenna3  Antenna4 

 
 Proposed Antenna 

 

Fig. 2. The proposed design evolution with parasitic 

element. 

 

Table 1: Optimized dimensions of the proposed SWB 

antenna 

Para. Lsub Wsub Hsub l1 l2 g1 g2 

mm 25 33 1.6 11 8.7 .5 3 

Para. g3 d w1 R Mf Lg Sw 

mm 1.1 1.23 11.05 8 3.5 16 4 

 

Figure 3 illustrates the input impedance of the 

various antenna structures with real values and the input 

impedance of the various antenna structures with 

imaginary values is indicated in Fig. 4. This SWB 

antenna is fed using a microstrip line of property 

impedance, which is referred before. It can be easily 

observed from the Fig. 3 that the impedance of the 
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proposed antenna with real values approaches to 50 Ω 

among all the antenna structures such as antenna 1, 

antenna 2, antenna 3 and antenna 4. On the other hand, it 

can be clearly seen from the Fig. 4 that the impedance of 

the proposed antenna with imaginary values approaches 

to zero among all the antenna structures such as antenna 

1, antenna 2, antenna 3 and antenna 4. When the antenna 

impedance and the microstrip line property impedance 

approaches to both 50 Ω, the microstrip line impedance 

is matched with the load impedance. It can be found that 

this antenna impedance is well matched. The Fig. 5 shows 

the fabricated photograph of the proposed SWB antenna. 

The simulated reflection coefficient property of 

various antenna structures is shown in Fig. 6. Antenna 1 

covers frequency band from 2.9 GHz to 10.6 GHz and 

after that, covers 12.35 to 16.50 GHz. Antenna 2 covers 

2.9-10.7 GHz frequency range and then again starts to 

operate from 12.1 GHz. Antenna 3 operates ranging from 

2.9 to 4 GHz, 4.4 to 10.7 GHz and 12.2 to 18.9 GHz. Antenna 

4 covers band from 3.08-10.7 GHz, 12.1-18.8 GHz and 

19.4 GHz to more than 20 GHz. On the other hand, the 

proposed disc-shaped antenna covers from 2.9 GHz  

to more than 20 GHz, provides a reasonable wider 

impedance bandwidth in SWB applications in comparison 

to antenna 1, antenna 2, antenna 3 and antenna 4. 
 

 
 

Fig. 3. Input impedance of the various antenna structures 

with real values. 
 

 
 

Fig. 4. Input impedance of the various antenna structures 

with imaginary values. 

 
 
Fig. 5. The photograph of the top and bottom view of the 

proposed antenna. 
 

 
 

Fig. 6. simulated reflection coefficient properties of 

various antenna structures. 

 

III. RESULTS AND DISCUSSIONS 
The performance characteristics of the proposed 

disc-shaped SWB antenna are explained, studied, and 

optimized using HFSS. The proposed disc-shaped 

antenna with the parasitic element on the ground plane is 

prototyped in the PCB LPKF (S63) prototyping machine 

to obtain a physical test model, which is illustrated in 

Fig. 7 (a). An anechoic chamber is acted as the most 

effective electromagnetic measurement system. The 

results of the proposed SWB antenna prototype are 

measured in a rectangular shaped anechoic chamber of 

dimensions 5.5 m × 5 m × 3.5 m. As a reference antenna, 

a double ridge guide horn antenna is adopted. During 

measurement this prototyped antenna is located face to 

face in respect to the reference antenna. Figure 7 (b) 

demonstrates the photograph of the anechoic chamber. A 

pyramidal-shaped electrically thick foam absorber is 

adopted on the wall, ceiling, and floor with less than  

−60 dB reflectivity at normal incidence. A turntable of 

dimension 1.2 m diameter is applied in order to rotate the 

testing antenna with the specification, 3600 rotation 

angle, 1 RPM rotation speed was connected with a 10 

meter cable among the controllers. An Agilent vector 

network analyzer (VNA E8362C) that covers up to  

20 GHz is applied for the testing procedure. 
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 (a) 

 
 (b) 

 

Fig. 7. (a) The LPKF machine and (b) the anechoic 

chamber for the proposed SWB antenna. 

 

The simulated and measured reflection coefficient 

of the proposed SWB antenna is shown in Fig. 8. The 

measured results exhibit that the proposed disc-shaped 

antenna shows a broadband impedance matched 

properties which covers from 2.90 GHz to more than  

20 GHz The little discordance between the measurement 

and simulation results is owing to fabrication tolerance, 

extended ground effect and the effect of improper 

soldering of the SMA connector. However, the measured 

results are also almost coincidence with the expected 

results, so these results are adoptable. 

The surface current distribution on the ground plane 

and the patch of the proposed SWB antenna at frequencies 

3.5 GHz, 4.25 GHz, 9.9 GHz, 11.5 GHz, 13.3 GHz, and 

17.75 GHz is illustrated respectively in Fig. 9 and Fig. 10. 

From Fig. 9, it is observed that the parasitic element on 

the upper portion of the ground plays an important to 

create resonances and achieve super frequency bands. 

The parasitic element has a major effect at frequencies 

3.5 GHz, 4.25 GHz, 11.5 GHz, and 13.3 GHz on the 

ground plane. This conducts to ensure that the 

performance of this SWB antenna is dependent on the 

parasitic element on the ground plane. Besides, the 

amount of current flow exists also around the slot on the 

ground plane at frequencies 3.5 GHz, 4.25 GHz, 9.9 GHz 

and 11.5 GHz. The feeding line keep role to flow current 

sharply. 

The surface current distribution on the patch at six 

frequencies is demonstrated in Fig. 10. It can be seen 

clearly from Fig. 10 that the microstrip feeding is a 

dominant figure and the disc-shaped patch also plays role 

to flow currently sharply. The surface current maintains 

a harmonic order flow both the patch and the ground 

plane. As a result, super wide frequency band is generated. 

 

 
 

Fig. 8. Simulated and measured reflection coefficient of 

the proposed SWB antenna. 

 

 
 (a) (b) 

 
 (c) (d) 

Proposed antenna 

Reference antenna 

Turn Table 
Absorbers 
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 (e) (f) 

 
 

Fig. 9. Surface current distribution on the ground plane 

at frequencies: (a) 3.5 GHz, (b) 4.25 GHz, (c) 9.9 GHz, 

(d) 11.5 GHz, (e) 13.3 GHz, and (f) 17.75 GHz. 
 

 
 (a) (b) 

 
 (c) (d) 

 
 (e) (f) 

 
 

Fig. 10. Surface current distribution on the patch at 

frequencies: (a) 3.5 GHz, (b) 4.25 GHz, (c) 9.9 GHz, (d) 

11.5 GHz, (e) 13.3 GHz, and (f) 17.75 GHz. 

 
The measured normalized radiation pattern of the 

proposed disc-shaped SWB antenna is illustrated in  

Fig. 11 for (a) 3.5 GHz, (b) 4.25 GHz, (c) 9.9 GHz, (d) 

11.5 GHz, (e) 13.3 GHz, and (f) 17.75 GHz on the both 

E-plane and H-plane, respectively. Two-dimensional 

(2D) radiation patterns are applied to indicate cross and 

co-polarization. To denote the co-polar and cross-polar, 

E𝜃 and E𝜑 are applied, respectively, where x-z plane is 

considered as H-plane and y-z plane is considered as E-

plane. Cross-polarization is lower than co-polarization, 

which is the characteristic of standard radiation pattern. 

The cross-polarization has a higher effect on frequencies 

11.5 GHz, 13.3 GHz at E-plane and frequencies 9.9 GHz, 

17.75 GHz at H-plane. It is observed that the proposed 

SWB antenna exhibits better broadside radiation 

features, considerable front-to-back ratio with low cross 

polarization, which leads to symmetric and nearly omni-

directional radiation pattern along both the E-plane and 

the H-plane. 

The proposed SWB antenna exhibits linear 

polarization, since the level of cross-polarization is lower 

than that of co-polarization in the radiation pattern.  

For this nearly omni-directional radiation pattern 

characteristic, some reasonable merits are found. One 

merit is that the radiation pattern is more stable on the 

covering frequency. Resonances are not shifted all on a 
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sudden for various directions, so a stable amount of 

power exists in the direction of the broadside beam. The 

cross-polarization is comparatively higher in the 

radiation pattern, which may be happened due to the 

diffractions from the edges of the ground plane and the 

patch. These radiation patterns are appropriate for SWB 

applications. 

 

 
 (a) 

 
 (b) 

 
 (c) 

 
 (d) 

 
 (e) 

 
 (f) 

 E-Plane  H-Plane 

 

Fig. 11. Measured radiation pattern at frequencies: (a) 

3.5 GHz, (b) 4.25 GHz, (c) 9.9 GHz, (d) 11.5 GHz, (e) 

13.3 GHz, and (f) 17.75 GHz. 

 

The measured gain of the proposed disc-shaped 

SWB antenna is exhibited in Fig. 12. 

A standard three-antenna system is used for 

measuring gain with two identical horn antennas. It is 

known to the gains of the two identical horn antennas, 

and a gain with two identical horn antennas that follows 

well-known equations is applied in case of three antennas. 

The gain of the three antennas (under test) can be 

calculated following the below equations, because Pr is 

the radiated power, the gains of two horn antennas are 

known, and R is the distance between the two antennas. 

Antenna 1 (horn) and Antenna 2 (horn): 

 𝐺1 + 𝐺2 = 20𝑙𝑜𝑔10 (
4𝜋𝑅

𝜆
) + 10𝑙𝑜𝑔10 (

𝑃𝑟2

𝑃𝑟1
). (1) 

Antenna 1 (horn) and Antenna 3 (under test):  

 𝐺1 + 𝐺3 = 20𝑙𝑜𝑔10 (
4𝜋𝑅

𝜆
) + 10𝑙𝑜𝑔10 (

𝑃𝑟3

𝑃𝑟1
). (2) 

Antenna 2 (horn) and Antenna 3 (under test): 

 𝐺2 + 𝐺3 = 20𝑙𝑜𝑔10 (
4𝜋𝑅

𝜆
) + 10𝑙𝑜𝑔10 (

𝑃𝑟3

𝑃𝑟2
). (3) 

For directivity D, the following equation [41] is used 

in which U is the radiation intensity and Prad is the total 

radiated power: 

 𝐷 =
4𝜋𝑈

𝑃𝑟𝑎𝑑
. (4) 

It can be observed clearly from the Fig. 12 that the 

average gain of the proposed SWB antenna is 3.78 dBi 

where the maximum peak gain is 6.22 dBi, which is 

accepted for SWB applications. 

The phase value of the proposed disc-shaped SWB 

antenna is shown in Fig. 13. It can be observed from the 

graph that this phase values imply that all the frequency 

components of the signal belongs to the same pulse 

distortion due to the same propagation delay. As a result, 

the phase variation of this proposed SWB antenna is 

linear across the entire covering frequency bands  

2.90 GHz to more than 20 GHz. Table 2 contains the 

comparison between the proposed and existing antennas. 
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Fig. 12. Measured gain of the proposed disc-shaped 

SWB antenna. 

 

 
 

Fig. 13. The phase value of the proposed disc-shaped 

SWB antenna. 

 

Table 2: Comparison between the proposed SWB and 

some existing antennas 

Literature 
Dimensions 

(mm2) 

Pass Band 

(GHz) 

Measured Gain 

(dBi) 

[13] 90×135 0.7986-17.4663 -20 to 5 

[20] 35×77 1.44-18.8 1 to 7 

[21] 30×40 2.5-≥25 2 to 6 

[23] 120×124 1.08-27.4 Not mentioned 

[24] 25×35 3.5-31.9 -0.8 to 8 

Proposed 25×33 2.90-≥20 3.20-6.22 

 

IV. CONCLUSION 
A disc-shaped monopole antenna is proposed and 

investigated with a design evolution analysis, implanting 

the parasitic element on the ground plane for SWB 

applications. This antenna comprises a disc-shaped 

radiating patch and a partial ground plane with the 

parasitic element and has an overall dimension of  

25 mm × 33 mm. For planar structure, this proposed SWB 

antenna design is straight, comfort to fabricate, and very 

compatible to integrate into microwave circuitry. The 

parasitic element is used on the ground plane to achieve 

SWB frequency bands with nearly omni-directional 

radiation characteristics and smooth current distribution. 

It is realized experimentally that this antenna is matched 

properly for SWB frequency ranging from 2.90 to more 

than GHz. The radiation patterns, low profile, stable gain 

and small dimension characteristics of the proposed 

antenna give the validation that, the reported antenna is 

a promising candidate of SWB applications.  
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