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ABSTRACT In this proposed work, a compact, low profile, inset-fed βΩ-space-filling curve-based slotted fractal antenna for 

multi-band wireless applications and narrow-band operations is designed, fabricated, and successfully tested. The measured 

results of the reflection coefficient and E-plane and H-plane gain radiation patterns are found to be very concord with simulated 

corresponding results. The antenna resonates at five resonance frequencies 1.91GHz (1.86-1.93GHz), 3.12GHz (3.03-

3.21GHz), 5.56GHz (5.50-5.60GHz), 10.75GHz (10.55-11.20GHz) and 13.94GHz (13.72-14.17GHz) with narrow band. 

Therefore, the proposed antenna is adopted for applications like PCS-1900 (n2 band: 1850-1910MHz), rail mobile radio (1900-

1910MHz), DCS-IMT gap (n98/n39 band: 1880-1920MHz), WCDMA (1900MHz), X-band (10.55-11.20GHz) and Ku-band 

(13.72-14.17GHz) applications. The antenna parameters gain, directivity, and efficiency are greatly improved by the 50% 

reduction in ground length. Good impedance matching is achieved by the use of inset feeding with a 50Ω port at an operating 

frequency of 3.1GHz. The antenna exhibits 2.94dBi gain at the operating frequency. A new hybrid βΩ- space-filling curve has 

been utilized for the slotted fractal proposed antenna design. The antenna is fabricated on an FR4 substrate with compact 

dimensions (39.05mm x 32.25mm x 1.6mm) at a frequency of 3.1GHz. 

INDEX TERMS Beta Omega (βΩ) space-filling curve, Fractal antenna, Hilbert curve, Inset-fed, Multiband, 

Wireless sensor applications. 

I. INTRODUCTION 

Microstrip antennas are low-profile antennas where the metal 

patch mounted at a ground level with a dielectric material in-

between constitutes a microstrip or patch antenna. These 

become so popular because of the multiple frequency bands 

used for wireless applications. The shorting plate is used along 

with a meander-type radiation patch to minimize the size of 

the antenna. The meandering in the patch leads to a large 

reduction in the required dimensions of the patch for various 

band operations. Instead of a rectangular patch, the βΩ-space 

filling curve is used for multi-band planar antennas for mobile 

radio applications.  

In the past decades, the microstrip patch antenna has drawn 

the attention of several researchers due to its feasibility and 

size reduction. This leads to the development of microstrip 

patch antennas in different fields such as radar, aircraft, 

satellite communication, biomedical applications, Microstrip 

to Waveguide Transitions as sensors, and wireless 

communications in MIMO, Massive MIMO, Super-massive 

MIMO, beam forming, and phased array antennas [1-11]. The 

performance of the microstrip antenna depends on size, 

resonant frequency, operating band, -10dB- impedance 

fractional bandwidth (FBW), Gain, radiation pattern, radiation 

efficiency, and overall dimension of the substrate [12]. In the 

microstrip patch antenna, the most widely used shapes of the 

patch are circular, square, rectangular, elliptical, ring 

triangular, etc. The different shapes of the antenna helps in the 

compactness and miniaturization of antenna size [13]. For 
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wireless recent advanced applications, some other types of slot 

antennas are designed and developed.  

Fath Elrahman et al., have designed and investigated a U-

slot antenna for dual-band applications to achieve wider 

bandwidth and high gain of 6.2 dB at 2.4GHz and 5.0438 dB 

at 4.6 GHz [14]. The L-shaped corner slots are used at 

diagonally opposite corners to achieve compactness for 

circular polarization (CP) operation with an axial ratio of 3dB 

bandwidth and 6.4 dBi gain at a frequency of 8.1GHz [15]. S. 

Thakur et al., have presented a low profile, two L-shaped 

slotted rectangular patch antennae for C-band satellite 

applications [16]. R. Ahmed and Md. F. Islam have been 

presented with an electrically small W-slotted multiband 

microstrip antenna for wireless communication systems, 

especially for military spectrum (X band). Resonant 

frequencies occur in C, X, and Ku bands with an average gain 

of 4.5 dBi [17]. The novelties in the structure of the patch were 

reported in the literature [18, 19, and 20]. Recently researchers 

have shown much interest in developing fractal-shaped patch 

antennas because the fractals have two common properties: 

space-filling and self-similarity which help to achieve wide 

and multiband antennas with reduced size [21, 22]. Initially, 

these geometries were used to construct monopole and loop 

antennas which came into existence during the 1990s [23, 24]. 

The size of the ground plane in the fractal antenna influences 

the antenna to work at different frequencies [25, 26]. The 

planar monopole antenna is designed using CPW feed to 

achieve ultra-wide bandwidth [27]. The basic geometries used 

for fractal antennas are Sierpinski gasket, Minkowski Island, 

Sierpinski carpet, Koch Snowflake, and Hilbert. The Hilbert 

curve slot is used to design the antenna where four times 

bandwidth enhancement is obtained by increasing the number 

of iterations at the frequency of 2.4GHz [28, 29]. 

In the literature, it is clear that the researcher developed 

the design by introducing the simple slots or single/dual 

combinations of Minkowski, Koch, etc curves and their 

replications. In this work, a hybrid slot is applied within the 

patch to achieve multiband behavior. The work is important as 

it is designed to cover the complete microwave band from L-

band to Ku-band functioning. The proposed antenna is 

designed for penta-narrow band antenna based on the new 

hybrid fractal slots for various wireless PCS, wireless rail 

mobile, Sub-6GHz, Wi-Fi5, X-band, and Ku-bands 

applications. The main aim of this work is to design an antenna 

using space-filling techniques that can be tuned from lower 

frequencies to higher frequencies without external fractals. 

Another objective of this work is to design a slotted antenna 

based on fractal geometrical combinations. The proposed 

slotted fractal antenna is based on Beta Omega (βΩ) space-

filling curve [30]. The article sub-sections describe the 

antenna design analysis at operating frequency 3.1GHz, its 

development, fabrication, and measurements. The proposed 

antenna is developed in three iterations which have U-shaped 

geometry and are derived from the way the curve passes the 

quadrant of size 4X4.   

 
II. ANTENNA DESIGN 

Initially, a line segment of length “L” is available as shown in 

FIGURE 1(a). Then it is bent into three equal parts by dividing 

the length L by 3. Thus, each side length of the U-shape curve 

is formed. The Ω-shape curve is formed by bending the two 

corner (3rd and 4th quadrant) arms of the U-shape again in U-

shape with each side length dimension equal to ((L/3)/3) i.e., 

L/9. Ω-shape is further bent with side length L/9 at the middle 

of the 1st and 2nd quadrants to form a Hilbert curve. The β-

shape curve is also the result of the bending of the U-shaped 

curve in four folds as shown in FIGURE 1(b) with the same 

L/9 length side dimension in all four quadrants. 

The basic fractal elements are shown in FIGURE 1(a). 

Primarily these include line segments, U-shaped curves, Ω-

shaped curves, Hilbert curves, β-shaped curves, etc. The basic 

geometry generations of β-shaped and Ω-shaped curves from 

U-shaped curves are shown in FIGURE 1(b).  The red color 

circle represents the initial and termination of points and the 

black color dots represent the movement of the line segment 

direction. 

 

 
(a) 

 
(b) 

FIGURE1.  (a) Fundamental Fractal curves (b) Fundamental β and Ω-
curves Generator 
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FIGURE2. The basic unit of Hybrid βΩ space-filling curves 

 

The proposed antenna geometry is developed from the 

hybrid combination of the basic unit of β-shape and Ω shape 

combination curves as shown in FIGURE 2 [30, 33]. The dash 

box curves are added together to form the basic unit of hybrid 

βΩ-space filling curves. That is not exactly but it is much 

closer to Hilbert curves space-filling fractal geometry [30, 33]. 

A.  ANTENNA GEOMETRY AND DIMENSIONS 

 
FIGURE3.  Antenna Geometry with all dimensions (in mm) (a) Front View 
(b) Bottom view and (c) Antenna Excitation Port 

 

The proposed antenna is designed on an FR4 substrate 

having a relative permittivity of 4.4 and a thickness of 1.6mm. 

The overall size of the antenna is 0.4035λ0 × 0.33325λ0 

(39.05mm × 32.25mm). The antenna is designed at a 

frequency of 3.1GHz. The length and width of the rectangular 

patch are computed with the standard design equations [12, 

29]. The basic unit of hybrid βΩ-space filling curves is a 

mirror image across the vertical axis, then added together and 

finally subtracted from the standard rectangular patch 

(32.25mm X 39.05mm) to get the desired slotted fractal 

geometry. The proposed slotted fractal antenna patch and 

ground design geometries are shown in FIGURE 3 (a-b) with 

all dimensions. All dimensions are measured in mm. The RF 

excitation source position is shown in FIGURE 3 (c).  

III. ANTENNA DESIGN DEVELOPMENT AND 
OPTIMIZATION 

A.  HYBRID ΒΩ SPACE-FILLING FRACTAL ANTENNA 
DESIGN DEVELOPMENT 

 

 
(i)                    (ii)                                (iii)  

 
                (iv)                                  (v)                                (vi) 

FIGURE4. Iterations of patch development of βΩ-fractal antenna  

 

The antenna design development from a basic rectangular 

patch antenna at operating frequency 3.1GHz (Iteration 0) to 

iteration 5 are shown in FIGURE 4. All the five iteration 

steps from iteration 1 to iteration 5 of βΩ-indexing based 

space-filling fractal slotted antenna on a basic rectangular 

patch of iteration 0 are displayed in FIGURE 5 and their 

corresponding reflection coefficient plots are also 

represented as comparative study cases with 50% reduced 

ground length i.e., 19.525mm. It is noticed that in all cases 

the behavior of the slotted fractal antenna is multi-narrow 

band type. The comparisons of all iterations in terms of 

simulated antenna parameters are depicted in Table I. It is 

observed that as the slotted fractal in the rectangular patch of 

iteration becomes dense with βΩ-curves, the antenna peak 

gain and maximum radiation efficiency of the antenna 

becomes down from 81.18% (iteration1) to 57.23% 

(iteration5) at operating frequency 3.1GHz. The final βΩ-

indexed space-filling fractal slotted antenna resonates at five 

different resonance frequencies with narrow bandwidths 

1.91GHz (1.86-1.93GHz), 3.12GHz (3.03-3.21GHz), 

5.56GHz (5.50-5.60GHz), 10.75GHz (10.55-11.20GHz) and 

13.94GHz (13.72-14.17GHz). 
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FIGURE 5. Effect of intermediate space filling iterations 

 

TABLE 1 

Effect of intermediate space filling iterations 

I N fr 

(GHz) 

BW 

 (GHz) 

G  

(dBi)  

at f0 

D 

(dBi) 

at f0 

η at  

f0 (%) 

0 04 4.31 

5.86 

7.55 

13.28 

4.20-4.35 

5.78-5.95 

7.39-7.69 

13.03-13.47 

4.45 5.96 70.6 

1 04 4.57 

6.37 

7.48 

14.15 

4.52-4.69 

6.22-6.58 

7.42-7.55 

13.03-14.96 

3.72 4.628 81.18 

2 04 2.08 

3.40 

6.78 

13.34 

2.03-2.14 

3.27-3.50 

6.10-6.91 

12.71-14.45 

4.25 5.65 72.46 

3 04 3.26 

5.82 

6.76 

13.42 

3.11-3.30 

5.73-5.90 

6.54-6.93 

13.10-15.12 

3.68 

 

5.56 64.96 

4 03 1.93 

3.18 

6.48 

1.86-1.97 

3.07-3.27 

6.31-6.62 

3.45 5.522 62.13 

5 05 1.91 

3.12 

5.56 

10.75 

13.94 

1.86-1.93 

3.03-3.21 

5.50-5.60 

10.55-11.20 

13.72-14.17 

2.94 5.36 57.23 

*I= Iteration no., N=no. of Bands, fr=resonance frequency, BW=-10dB 

Bandwidth, G=Gain, D=Directivity, η=radiation efficiency, f0=Design 

Frequency 

B.  GROUND LENGTH OPTIMIZATION 

The effect of ground length with a 100% length of 39.05mm 

and 50% reduced length of 19.525mm are displayed in terms 

of their simulated antenna parameters in Table II and their 

corresponding reflection coefficients S11 plots are displayed 

in FIGURE 6. It is observed that the effect of a 50% 

reduction in ground length is that the radiation efficiency is 

greatly improved from 2.67% to 57.23%. The main purpose 

of the reduction of ground length is to improve the gain and 

directivity values. Finally, the gain and directivity become 

positive and highly improved with reduced ground length. 

 
TABLE 2 

 Ground Length Variation 

Ground 

length 

(mm) 

N fr (GHz) BW (GHz) G  

(dBi) 

at f0 

D  

(dBi) 

at f0 

η at f0 

(%) 

39.05 

(100%) 

06 1.72 

3.04 

5.28 

5.92 

10.76 

13.23 

1.65-1.80 

2.96-3.08 

5.16-5.32 

5.75-6.01 

10.55-11.13 

13.09-13.27 

-16.1 -0.34 2.67 

19.525 

(50%) 

05 1.91 

3.12 

5.56 

10.75 

13.94 

1.86-1.93 

3.03-3.21 

5.50-5.60 

10.55-11.20 

13.72-14.17 

2.94 5.36 57.23 

 

 

FIGURE6. Effect of ground length variation 

C.  EFFECT OF INSET FEED 

The main purpose of feeding techniques is to achieve better 

impedance matching. Initially, the antenna is edge-fed with a 

50Ω feed line length of 4.8mm and a feed line width of  3 mm. 

It will resonate at six resonant frequencies 3.05GHz, 5.50GHz, 

8.5 and 9.97GHz, 12.15GHz and 13.97 GHz below -10dB 

reflection coefficient values within four narrow and one 

wideband (8.16-10.7GHz). The inset-fed antenna resonates at 

five resonant frequencies within five narrow bands below -

10dB S11 values as displayed in FIGURE 7 and represented in 

Table III. It is noticed from Table that the antenna parameters 

gain, directivity, and radiation efficiency are decreased by a 

very tiny amount nevertheless not much advantage in terms of 

antenna parameters has been observed by inset feeding except 

that space-filling area and better impedance matching at 

design frequency 3.1GHz. The antenna impedance in inset 

feed is (50.69-j4.50) Ω and that in the case of edge feed is 

(37.04-j1.03) Ω at 3.12GHz. In inset feeding the antenna 

impedance is closer to 50 Ω port impedance and therefore high 

impedance matching is achieved with inset feed. Because of 
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that in the proposed design inset feeding is the best suitable 

choice.  

 
TABLE 3 

Effect of Feed Position 

Feed 

length 

(mm) 

Band

s 

fr 

(GHz)  
-10 dB BW 

(GHz) 

G  

(dBi) 

at f0 

D 

(dBi) 

at f0 

η at f0 

(%) 

4.8 

(Edge 

feed) 

05 3.05 

5.50 

8.5,9.97 

12.15 

13.97 

2.97-3.15 

5.42-5.57 

8.16-10.7 

11.87-12.32 

13.78-14.19 

3.077 5.49 57.35 

7.8 

(Inset 

feed) 

05 1.91 

3.12 

5.56 

10.75 

13.94 

1.86-1.93 

3.03-3.21 

5.50-5.60 

10.55-11.20 

13.72-14.17 

2.94 5.36 57.23 

 
 

 

 

 

 

 

 

 

 

 

 

 

   

 

 

 

FIGURE7.  Effect of feed line (a) Edge feed    (b) Inset feed 

IV. ANTENNA PROTOTYPE 

The hybrid βΩ-space filling fractal antenna prototype is 

fabricated using a photolithography process and chemical 

etching technology. The front views of the carpet-like patch 

structure and 50% reduced ground bottom view with a 50Ω 

connector soldered for excitation of microwave RF signal are  

depicted in FIGURE 8. This may introduce some compulsory 

fabrication and soldering losses. 

 

 

 

 

 

 

 

 

 

 
 

(a)                                         (b) 
FIGURE 8. Prototype of Antenna Top and Bottom view 

 

V. RESULTS  
The fabricated hybrid βΩ-space filling fractal antenna is 

experimentally verified with the measurement in the 

laboratory through a vector network analyzer (VNA: Agilent 

N5247A) and Electric and Magnetic radiation patterns are 

measured in an anechoic chamber using 10° step rotation of 

steppers motor. The reflection coefficient, S11 on VNA, and 

radiation pattern and gain measurement setup in an anechoic 

chamber are depicted in FIGURE 9.  

 

 

 

 

 

 

 

 

 

 

 

 

      (a)                                                   (b) 
FIGURE 9. Measurement setup (a) reflection coefficient, S11 on VNA  (left) 
(b) Gain measurement in an anechoic chamber (right) 
 
 

A.  REFLECTION COEFFICIENTS (S11) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

FIGURE 10.  Measured and simulated Reflection Coefficient Curves 

 

The simulated and measured reflection coefficient 

curves are observed and plotted on the same curve as 

displayed in FIGURE 10. The four narrow band reflection 

coefficients are observed below -10dB in the simulated 

reflection coefficient curve at resonance frequencies 1.91 

GHz (1.86-1.93 GHz), 3.12 GHz (3.03-3.21 GHz), 10.75 

GHz (10.55-11.20 GHz) and 13.94 GHz (13.72-14.17 GHz). 

It is observed that both measured and simulated reflection 

coefficients are identical at first, second, and fourth 

resonance frequencies with very tiny shifts in resonance 

frequencies. At the second resonance frequency of 3.12GHz 

in the simulated S11 plot, two shifted new frequency bands at 
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9.528 GHz (9.22-9.82 GHz) and 12.22 GHz (11.85-12.45 

GHz) have been observed in the measured S11 plot, and one 

additional resonance is observed at resonance frequency 6.68 

GHz (6.45-6.90 GHz). This deficiency in multi-narrowband 

behavior between measured and simulated reflection 

coefficient curves is because of the soldering, fabrication, 

and measuring equipment errors. 
 
B. RADIATION PATTERNS 

The E-plane and H-plane radiation patterns are measured in an 

anechoic chamber using a reference horn antenna with a step 

size of 10° rotation at four resonance frequencies 1.91 GHz, 

3.1 GHz, 10.75 GHz, and 13.94 GHz. Both radiation patterns 

in E-plane and H-plane patterns are found in concord. It is 

noticed that the radiations of the antenna are maximum in 

normal to its patch and ground surfaces at all four resonant 

frequencies. The simulated and measured E-plane and H-plane 

gain radiation patterns are represented in FIGURE 11.  

      

 
(a)E-Plane @1.91GHz 

 

 
(b)E-Plane @3.1GHz 

 

 
(c)E-Plane @10.75GHz 

 
(d)E-Plane @13.94GHz 

 
(e)H-Plane @1.91GHz 

 
(f)H-Plane @3.1GHz 
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(g)H-Plane @10.75GHz 

 

 
(h)H-Plane @13.94GHz 

 

FIGURE11. E-plane and H-Plane Radiation Patterns of the antenna at four 

resonance frequencies 

C. GAIN PLOT 

As the 3D-radiation pattern of the βΩ-curve slotted fractal 

antenna is Omni-directional at the design frequency, the dBi 

gain plot against the frequency sweep from 1.5GHz to 15 

GHz is plotted as represented in FIGURE 12. The gain is 

found positive over the full frequency span. At five 

resonance frequencies, the gain is found 0.5dBi, 4.32dBi, 

14.9dBi, 22.49dBi, and 4.51dBi respectively. 

 
 

 

 

 

 

 

 

 

 

 

 

 

(a) 

 

 

 

 

 

 

 

 

 

 

 

 

 

(b) 

FIGURE 12.  (a) 3D-radiation pattern (left) and (b) Gain plot of the βΩ-

fractal antenna (right) 

VI. DISCUSSION 
The proposed Hybrid Beta omega (βΩ) curve fractal antenna 

is economical as it is fabricated on a low-cost FR-4 substrate 

and compact with a size of 32.2 mm × 39.05mm. It exhibits 

five narrow bands in microwave 1 GHz to 15 GHz frequency 

band with five resonant frequencies. It exhibits an 

omnidirectional radiation pattern in the H-Plane and a Figure 

of Eight-like structure in the E-Plane. The antenna is an 

excellent candidate where high gain is desired. Since it 

exhibits the highest gain as compared to literature existing 

antennas. A gain of 16.2 dBi at a frequency of 5.56 GHz and 

a gain of 21.1 dBi at a frequency of 10.75 GHz. It exhibits an 

excellent impedance match at the designed frequency of 3.1 

GHz. As the bottom side has reduced ground more numbers 

of passive components can be added to this surface. This 

antenna can easily be converted into a frequency/ pattern/ 

polarization reconfigurable antenna by just adding a few 

numbers of switching PIN/varactor diodes at suitable 

locations. 

    The main weakness of the proposed antenna is that the 

structure looks as complex as a snake shape of a continuous 

combination of the beta-omega space-filling slot to increase 

the electrical length of the simple patch. Another limitation of 

this work is that the connectorsoldered is of the value up to 6 

GHz therefore the measured results are in excellent matched 

with the simulated results up to this frequency range. Beyond 

6 GHz the measured results show shifting of the higher bands 

from 6 GHz to 15 GHz. This problem could be resolved by the 

use of the correct 15 GHz SMA connector. 

L. Singh and M. Kaur have reviewed several kinds of 

fractal antennae and compared their resultant parameters [28]. 

The proposed work is compared with the previously existing 

similar antennas in terms of their performance parameters like 

type of curve used for fractal, antenna size, number of bands 

and their nature, resonance frequency, bandwidth, and gain. 

These results are tabulated in Table IV. Sierpinski Gasket 

Fractal has the minimum size for only dual bands and good 

gain nevertheless proposed antenna is tuned for penta-narrow 

bands with little large antenna size with excellent gain and 

stable radiation characteristics. It has been observed from the 
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comparison of previous similar antennas table that the 

proposed antenna has the smallest antenna size, and highest 

gain as compared to all existing reference antennas 

[27,29,31,32,]. The present antenna possesses the five-

resonance band. All five bands have narrow bandwidths 

(TABLE 4). 

 

TABLE 4 

Comparison of Proposed Antenna with the Previously Similar Existing 

Antennas 

Ref. Used Curve 

Type 

Ant.           

Size 

Band fr 

(GHz) 

BW (GHz) G 

(LxW)  

(in mm2) 

(dBi) 

[34] 

2016 

H-tree 

fractal 

Geometry 

55 x 50 single Wide 

Band Dual 

Tuned 

3.0 & 

5.2 

1.5-6.32 5.18 

[35] 

2015 

Sierpinski 

Gasket 

Fractal 

17.89 x 

21.45 

Dual Narrow-

band 

5.51 

9.65 

5.4-5.71 

9.4-9.82 

5.918 

11.83 

[36] 

2016 

Hexagonal 

patch 

45 x 

44.92 

Quad- 

narrowband 

3.55  

5.94  

8.50  

9.47 

3.57-3.58 

5.9-6.05 

8.41-8.59 

9.2-10.50 

4.25 

5.05 

5.77 

8.55 

[37] 

2016 

Triangular 

fractal 

techniques 

NA Multi-

narrow 

band 

3.0 

4.8 

5.24 

8.1 

8.6 

9.07 

Narrow  

bands 

----- 

----- 

7.39 

8.26 

----- 

9.74 

[38] 

2016  

Half 

rectangular 

fractal 

40×30 Quad 

narrow 

band 

3.25 

4.04 

5.34 

6.02 

3.19-3.29 

3.98-4.09 

5.4-5.46 

5.97-6.06 

4.27 

6.487 

9.94 

5.062 

[29] 

2018 

Koch-

Minkowski 

slot 

Koch-Koch 

slot   

38.92×45 Dual tune 

wide 

band 

2.41&8.

34 

2.68&8.

38 

6.67-10 

 

6.76-10 

7.88 

8.30 

3.72 

7.77 

[27] 

2013 

Four 

iterative 

Concentric  

Nano-arm 

fractal 

antenna 

63.5×65 Multi tuned 

Ultra-Wide 

band 

2.875, 

5.45 

8.05 

10.35 

2.55-11.84 5 

[31] 

2021 

Tri-arms 

fan-shaped 

(outer 

fractal) 

66.4x66.4 Dual narrow 

band 

1.68 

2.5 

1.62-1.73 

1.81-3.0 

4.08 

[32] 

2022 

Dodecagon

-shaped tri 

delta loaded 

(outer 

fractal) 

transformer 

fed  

52×59 Tri-wide 

band 

3.1 

5.6& 

8.98 

10.94 

1.79–3.73 

5.27–6.10 

 

6.48-11.47 

4.12 

  

This 

work 

Hybrid 

Beta omega 

(βΩ) curve 

32.2 × 

39.05 

Penta 

narrow 

band 

1.91 

3.12 

5.56 

10.75 

13.94 

1.86-1.93 

3.03-3.21 

5.50-5.60 

10.55-11.20 

13.72-14.17 

0.5 

4.32 

16.2 

21.1 

4.91 

VIII. CONCLUSION 

The gain of the simulated antenna is 4.32 dBi at 3.1GHz and 

4.91 dBi at 13.94GHz. The Proposed multi-band antenna 

exhibits stable gain radiation characteristics in the E-plane and 

H-plane and also provides a good reflection coefficient at five 

resonant frequencies within the specified frequency sweep 

from 1 GHz to 15 GHz. All five bands have narrow -10 dB 

impedance fractional bandwidths 3.68% (1.86-1.93GHz), 

5.8% (3.03-3.21 GHz), 1.83% (5.50-5.60 GHz), 6.04% 

(10.55-11.20 GHz) and 3.23% (13.72-14.17 GHz). Therefore, 

the antenna is the best suitable choice for GSM, WCDMA, 

mobile radio (1.86-1.93 GHz), Maritime, Radar (3.03-3.21 

GHz), Wi-MAX (5.50-5.60 GHz), Radio Location and ITU 

band applications (10.55-11.20 GHz), and aircraft, spacecraft, 

satellite-based communication systems (13.72-14.17 GHz).  

The variation in the fabricated results from the simulated 

results can be minimized by proper soldering, careful 

fabrication, and measurement. In the future, the antenna can 

be converted into frequency reconfigurable by using 

PIN/varactor diodes and bandwidth and gain can be enhanced 

by the use of metamaterial SRR, superstrate, EBG, and PBG 

structures.  
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microstrip to waveguide transitions, ring resonators, microwave filters, 

planar antennas, metamaterial, and fractal structures, RLC Electrical 

Equivalent circuit’s generation of any microwave 2D/3D components, 

frequency and pattern reconfigurable antennas, etc. 
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