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Abstract 

Bandwidth enhancement of microstrip magnetic monopole antenna is 

proposed in this paper. The antenna element consists of two rectangular 

patches on both sides of a substrate with two edges opened and other edges 

shorted. Cavity model is used to analyze the proposed antenna, which is 

working as a “Magnetic Monopole Antenna”. The magnetic current features 

quarter cycle sinusoidal variation on the open sides which generates a tilted 

monopole like radiation pattern. The bandwidth and directivity of the antenna 

is increased by increasing the substrate width. The proposed antenna has very 

low profile (3 mm) provide vertical polarization. The antenna has a bandwidth 

from 2.4 to 2.48 GHz ISM band and a peak gain of 4.8 dBi. 

Keywords: Bandwidth enhancement, ISM Band, Magnetic antenna, 

microstrip antenna, monopole antenna 

 

1. INTRODUCTION 

Monopole antenna is very attractive [1] because of its simple structure and provides a 

vertical polarization. Magnetic monopole antenna would provide a vertical 

polarization while conventional monopole antenna provides a horizontal polarization, 

when the radiating element of the monopole antenna is parallel to the horizontal 

plane. Radiation patterns of magnetic antennas are similar to electric antennas but 

with different polarization.  

Several microstrip magnetic antennas [3]–[7] with a very low profile can provide 

vertical polarization. Magnetic loop antennas [3], [4] with profiles as low as 0.03 
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wavelengths have been successfully fabricated to get dipole-like radiation patterns. In 

effort to achieve endfire vertical polarization microstrip magnetic dipoles with a low 

profile have also been studied and used in endfire arrays [5]–[7]. To provide endfire 

circular polarization by integrating a magnetic loop and a slot [9] antenna or by 

combining a magnetic dipole and an electric dipole [10] microstrip monopole antenna 

have also been used. All these endfire antenna arrays placed horizontally above the 

ground can be considered magnetic dipoles, which have maximum radiation direction 

to tilt 20º ~ 40º to broadside due to the finite ground diffraction effect. Microstrip 

magnetic monopole endfire array antenna with vertical polarization [11] with four 

elements has maximum radiation in endfire direction. Single element magnetic 

monopole antenna has maximum radiation with small gain 2.7 dBi for narrow 

bandwidth 2.43 GHz to 2.47 GHz with 5º tilt. 

In this paper we proposes a microstrip magnetic monopole antenna with enhanced 

bandwidth increased about 80% which covers ISM band 2.4 GHz to 2.48GHz and 

peak gain 4.8 dBi. The antenna is printed both side of the rectangular substrate with 

two adjacent edges shorted and other edges opened. The antenna can work as 

“magnetic monopole antenna” when length to width ratio of rectangular patch is very 

large [11]. A portion is cut out from the front patch which increases the gain and 

bandwidth of the antenna. The proposed antenna work in the ISM band and a single 

element is cover the whole ISM band(2.4GHz to 2.48GHz) with vertical polarization 

which is smaller in size than those of the four element microstrip magnetic monopole 

endfire array[11].The magnetic monopole antenna is similar to conventional 

rectangular patch antenna. The magnetic monopole antenna can be considered as 

quarter of the conventional rectangular patch antenna in the TM11 mode [11]. The 

electric field density on the side walls of the magnetic monopole antenna thus has 

only quarter-cycle sinusoidal variation. The magnetic surface current on the vertical 

walls of the open sides can thus be considered two “magnetic monopole antennas” 

placed orthogonally. 

 

2.ANTENNA DESIGN 

The geometry of the proposed antenna is shown in fig.1. The proposed antenna 

comprises two rectangular patches on both side of the substrate. The size of ground 

patch is equal in size of the rectangular substrate of length L=80mm and width 

W=29mm and length of the front patch is also L while the width of the front patch is 

d =19.5mm, which is smaller than that of the substrate. Substrate is of thickness h = 3 

mm with a relative permittivity ℰr = 2.55, a dielectric loss tangent of 0.0012. The two 

edges of the rectangular patch is shorted via shorting vias with a diameter of 0.5 mm. 

Two adjacent shorting vias are at a distance of a = 3 mm. The proposed antenna fed at 

the open edge with coaxial feeding, and feeding point is positioned at a distance of 
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b=5.4mm from the shorted edge. 

We first designed a magnetic monopole antenna of length L=80mm and width 20mm 

with a resonant frequency of 2.44 GHz [11]. Then we have increases the width of the 

antenna from W=20mm to W=30mm which results in downward shifting of resonant 

frequency at 1.6 GHz according to (1). A portion of front patch from the open edge of 

width d and length L is cut out, which results in upward shifting of resonant frequency 

and bandwidth and gain of the antenna also increases. As well as the width of the 

front patch decreases the resonant frequency shifted towards higher frequency as 

shown in fig.2 the frequency of the proposed antenna can be easily controlled by the 

width of the front patch. 
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Fig.1. Configuration of Microstrip magnetic monopole antenna with enhanced 

bandwidth for ISM band (a).Top view (b). Bottom view (c) side view from shorted 

edge (along length) 

 

3. CAVITY MODEL ANALYSIS 

Assume the substrate thickness h is very small in comparison to the wavelength λ0 in 

the free space. Cavity model analysis [12],[13] can be used for the analysis of 
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magnetic monopole antenna. The cavity is bounded by electric walls on the top, 

bottom and two shorted edges and magnetic walls on the open edges. The 

fundamental resonant frequency [11] is  

 

f = 𝑐

4√ℰ𝑟
√

1

𝐿2 +
1

𝑑2 = 
𝑐

4𝑑√ℰ𝑟

√
𝑑2

𝐿2 + 1                                                  (1) 

Thus electric field density has only quarter-cycle sinusoidal variation on the side walls 

of the magnetic monopole antenna [11]. The magnetic surface current on the vertical 

walls of the open sides can thus be considered two “magnetic monopole antennas” 

placed orthogonally. The magnetic surface current densities on the vertical walls of 

the open sides are related to electric field. The proposed antenna has simpler radiation 

pattern in comparison to quarter wave microstrip patch, which has two magnetic walls 

and provides radiation patterns very similar to that of the conventional monopole. 

Because of its easier analysis and control on the radiation characteristics of the 

antenna makes its best solution to forming endfire antenna array. 

 

4.SIMULATION AND RESULT 

We use the simulation software computer simulation tools-microwave studio (CST-

MWS) to simulate magnetic monopole antenna with the same Length L = 80 mm but 

different widths of the front patch, in effort to estimate the effect of varying widths. 

Fig. 2 shows where simulated resonant frequency increases when the widths of the 

front patchdecreases. 

Fig.2 Simulated reflection coefficient of the magnetic monopole antenna with length 

L = 80 mm for different front patch width d 



Bandwidth Enhancement and Analysis of Microstrip Magnetic Monopole Antenna 1459 

The proposed antenna with front patch of length L= 80mm and width d=19.5mm 

resonates at frequency 2.44 GHz cover bandwidth from 2.40 GHz to 2.48 GHz with 

peak gain 4.8 dBi. The simulated reflection coefficient of proposed antenna is shown 

in fig.3.

 

Fig.3. Simulated reflection coefficient of the proposed antenna of length L=80mm 

and front patch width d=19.5 mm 

 

Magnetic monopole antenna is very similar to the conventional monopole antenna 

from the point of view. Feeding position influence the impedance matching as shown 

infig.4but the changes in resonant frequency is very small due to the changes in 

feeding position 

 

 

Fig.4 Simulated reflection coefficients of the magnetic monopole antenna with a 

length of     L= 80 mm and a width of front patch d= 19.5 mm for different feeding 

positions. 
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When thickness of the substrate increases the fringing fields at the radiating edge 

grew significantly which increase the effective size of the patch which results 

decrease in resonant frequency as shown in fig. 5 and bandwidth increases as 

thickness increases. 

 

Fig.5. Simulated reflection coefficient of the proposed antenna with a length of L = 

80 mm and width of d = 19.5 mm for different substrate thickness 

 

Simulated radiation patterns of the proposed antenna in the x-y plane and x-z plane 

are shown fig.6 

 

 

(a) y-z plane pattern 
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(b) x-y plane pattern 

 

Fig.8. Simulated radiation patterns of the magnetic monopole antenna at 2.44 GHz 

 

5. COMPARISON 

Table I shows the comparison of magnetic monopole antenna with enhanced 

bandwidth (proposed antenna) and previously developed magnetic monopole antenna 

and its array[11].  

Table I 

 Proposed 

Antenna 

Magnetic 

Monopole 

Antenna 

2- Element 

Magnetic 

Monopole Array 

4- Element Magnetic 

Monopole Array 

Size 0.24λ × 0.7𝜆  0.16λ × 0.7𝜆 0.7λ × 0.1.3𝜆 0.9λ × 2.3𝜆 

Band- 

width 

2.4 – 2.48 GHz 2.43 – 2.47 GHz 2.42 – 2.48GHz 2.4 – 2.48 GHz 

 

Single element of the proposed antenna covers bandwidth of range from 2.4 – 2.48 

GHz which comparable to the bandwidth covers by 4-element magnetic monopole 

array antenna. Area covered by the proposed antenna is 80% less than from 4-element 

magnetic monopole array antenna. 

 

6. CONCLUSION 

In this paper we have analysed and simulated vertically polarized magnetic monopole 

antenna with enhanced bandwidth and peak gain.  The proposed antenna has a very 

low profile (3 mm) and bandwidth from 2.4GHz to 2.48GHz with 4.7 dBi peak gain. 
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A single element covers whole ISM band. The bandwidth of the proposed antenna 

increases by increasing the substrate width. The bandwidth of the proposed antenna is 

80% wider than that of previously developed single element of microstrip magnetic 

monopole antenna. The bandwidth of the proposed antenna element is comparable to 

the four element microstrip magnetic monopole endfire array antenna. 
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