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Abstract—A filtering magnetoelectronic dipole antenna (MEDA) with 

quasi-elliptic gain response and wide operating band is investigated. 

Different from the conventional MEDA, the antenna studied here is fed by 

fork-shaped microstrip line aperture-coupled excitation. The intrinsic 

radiation null of the MEDA at the lower passband edge is utilized, and a 

mathematical model is firstly put forward to demonstrate its working 

mechanism. Four driven stubs connected to the shorted walls of MEDA are 

used to excite the planar dipole arms. The parasitic inductor and the 

coupling capacitor introduced by driven stubs form an equivalent low-pass 

filter network, leading to a radiation null at higher frequency. 

Furthermore, a third radiation null is generated by introducing two 

quarter-wavelength U-shaped shorted stubs to improve the out-of-band 

suppression. Besides, due to the introduction of multiple coupling structure, 

including the fork-shaped microstrip line coupling slot and driven stubs, a 

wide operating band can be realized while maintains a low profile of 0.15 

wavelength.  Experimental results show that an impedance bandwidth of 

53.5% (2.95 to 5.1 GHz) is achieved and an out-of-band suppression level 

higher than 17.9 dB is obtained. What’s more, an average gain of 8 dBi and 

good radiation patterns are realized over the whole operating band. 

 

Index Terms—broadband antenna; filtering antenna; 

magnetoelectronic dipole antenna (MEDA); quasi-elliptic gain response. 

I. INTRODUCTION 

ast three decades have witnessed the significant development of 

modern wireless communication. As a limited resource, the 

spectrum is getting more and more crowded, which may lead to serious 

interference between adjacent frequency bands. To address this issue, 

filtering antennas are widely studied due to their advantages of 

improved in-band selectivity, enhanced out-of-band suppression, and 

integrated filtering performance [1, 2]. To realize a filtering antenna, 

various approaches have been investigated. A common method is to 

integrate a bandpass filter and an antenna radiator into a single module 

[3–9]. Although a good filtering characteristic can be obtained, the 

multi-stage resonators used in this method may introduce insertion loss 

and degrade gain performance. To address this issue, filtering antennas 

without extra filtering circuits have been widely studied [10–19]. In 

[10–15], filtering responses were realized by introducing resonant 

structures into feeding networks or antenna radiators, making energy 

captured by the resonant structures and not effectively radiated in band 

of interest. Different resonant structures have been designed, such as 

/2 open-circuited lines [10, 11], /4 short-circuited lines [12, 13], and 

slots [14, 15]. Apart from using resonant structures, cross coupling 

theory is also applied to design filtering antennas. Many methods are 

used to create the cross-coupling path in [16–17]. As proposed in [17], 

by introducing two additional probes, two cross-coupling paths were 
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(a) 
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(c) 

Fig. 1. Geometry of the proposed filtering antenna. (a) 3D view. (b) Side view. 
(c) Top view (left) and feeding structure (right). (Parameters: Ls = 39, Le = 33, 

Ld = 15, Lb = 55, Lg = 150, L1 = 19, L2= 11, L3 = 10, L4 = 12, L5 = 3, W1 = 2.5, 

W2= 1.7, W3 = 2.7, W4 = 1.5, W5 = 3, Ws = 0.7, Wd = 5, We = 15, D = 4, R1 = 0.7, 

R2 = 3, h = 10.5, h1 = 1.5, h2 = 1. Unit: mm) 

built up, which generated two radiation nulls at both passband edges.  

The principle of null-generation methods above is that the energy 

cannot be transmitted to antenna radiator. Different from these designs, 

filtering antennas are also achieved based on radiation cancellation 

principle [19–22]. In [19, 20], the currents on the radiation patch and 

the parasitic patch were same in amplitude but opposite in phase, 

leading to a radiation cancellation in far field. In [21], the currents on 

the driven stubs became disordered due to the introduction of three 

shorting pins, which generated a radiation null at the lower passband 

edge. The authors in [22] introduced a strip and three posts into a 

dielectric resonator antenna (DRA) to compose a dual-loop structure. 

Owing to the radiation cancellation of opposite currents of the dual-

loop, the filtering performance was obtained.  

Magnetoelectronic dipole antenna (MEDA), since firstly proposed 

by Luk et al. [23, 24], has attracted much attention due to its 

advantages of wide operation band, stable antenna gain, low back 
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radiation and symmetric E- and H-plane radiation patterns. In the past 

few years, extensive studies on MEDA have been carried out, 

including wideband MEDA [25–26], circular polarized MEDA [27], 

reconfigurable MEDA [28], mm-wave MEDA [29] and so on. Till now, 

main studies focus on the radiation performance within the operating 

band, while the out-of-band characteristic has not been paid much 

attention. In [30], the magnetoelectronic dipole filtering antenna was 

studied by introducing slot structures to the conventional MEDA, in 

which the intrinsic radiation null at the lower stopband was also 

utilized. In [32], the filtering frequency response was realized by 

symmetrically inserting four slots on the patches and elaborately 

design the feeding lines. Besides, by using a feeding network with a 

hook-shaped self-coupled line [33], a radiation null at the upper band 

edge and a high out-of-band radiation suppression were obtained.  

In this paper, a broadband magnetoelectronic dipole filtering 

antenna with quasi-elliptic gain response is investigated. Inspired by 

the design in [25], the antenna is fed by fork-shaped microstrip line 

aperture-coupled excitation and the radiation patches are excited by 

four driven stubs via coupling. Three radiation nulls can be obtained at 

the passband edges based on different principles. The intrinsic 

radiation null of the MEDA at the lower passband edge is utilized, 

which can significantly reduce the complexity of filtering antenna. An 

equivalent mathematical model is built up and analyzed to better 

understand the principle of the intrinsic radiation null’s generation. In 

addition, four driven stubs are introduced to obtain a radiation null at 

the upper passband edge. Moreover, to further improve the out-of-band 

radiation suppression level at the lower stopband, two quarter-

wavelength U-shaped short-circuited stubs are employed to obtain the 

third radiation null. By introducing the multiple coupling structure 
including the fork-shaped microstrip line coupling slot and driven 

stubs, a good impedance can be obtained while maintains a low profile. 

Measured results show that a wide impedance bandwidth from 2.95 to 

5.1 GHz for VSWR < 1.5 is realized. An average gain of 8 dBi and 

good radiation patterns are obtained across the whole operating band. 

What’s more, enhanced roll-off rates at the passband edges and a high 

out-of-band suppression level better than 17.9 dB are achieved. To 

validate the synthesis and design, the proposed filtering antenna is 

fabricated and tested. The measured results are in good accordance 

with the simulated ones. 

II. ANTENNA CONFIGURATION AND DESIGN 

A. Configuration 

Figure 1 depicts the configuration of the proposed wideband 

filtering antenna. It mainly consists of radiation patches, driven stubs, 

shorted walls, a feeding network and a ground plane. The radiation 

patches (Le × We) are printed on the top layer of a substrate with a 

thickness of h1. Four symmetrical driven stubs are printed on the 

bottom surface of the substrate and each stub has a size of Ld × Wd. The 

shorted walls with a height of h are vertically oriented underneath the 

substrate, which are directly connected to the driven stubs. The shorted 

walls are printed on two 0.5-mm-thick substrates and the separation 

between them is D. The feeding network and the ground plane are 

etched on a square printed circuit board with a thickness of h2 and a 

length of Lg. The metal printed on the top surface of the substrate acts 

as the ground plane of the antenna. A slot with a width Ws and a length 

Ls is located at the center position of the ground plane. The bottom 

layer of square substrate is the fork-shaped microstrip power divider, 

whose two microstrip branches are extended perpendicularly cross the 

slot on the top surface. To provide a better impedance matching, its 

two output ports are terminated by two circular-shaped patches with a 

 

 
Fig. 2. Evolution of the proposed filtering antenna. (a) Antenna-A. (b) Antenna-

B. (c) Antenna-C. (d) Pro. Antenna. 

radius of R2. Besides, two identical U-shaped shorted stubs are 

introduced, as depicted in Fig. 1(c). All substrates are fabricated with 

F4B with relative permittivity of 2.65 and loss tangent of 0.002. 

B. Evolution 

To better present the design process, three reference antennas, 

denoted as Antenna-A, Antenna-B, and Antenna-C, are shown in Fig. 

2 to compare with the proposed filtering antenna (Pro. antenna). As 

shown in Fig. 2(a), Antenna-A is a typical slot-fed magnetoelectronic 

dipole antenna with two identical voltage sources. The simulated 

VSWR and realized gain of Antenna-A are depicted in Fig. 3(a). With 

reference to the figure, it can be seen that a radiation null occurs at the 

lower passband edge, marked as Null 1, while a flat gain of 8 dBi is 

realized in its operating frequency band. A radiation suppression level 

of 13 dB is realized at the lower stopband. However, at the higher 

stopband, the VSWR slowly deteriorates and the corresponding gain 

slightly decreases with frequency increasing, indicating no filtering 

performance.  

For physical realization, the two ideal voltage sources in Antenna-

A are substituted by a fork-shaped power divider in Antenna-B as slot-

coupled excitation. To improve the matching, the power divider has its 

two microstrip branches attached with two circular discs at the ends. 

The simulated VSWR and realized gain of Antenna-B are also 

exhibited in Fig. 3(a). Comparing to Antenna-A, an upsurge of VSWR 

occurs at the higher stopband of Antenna-B and the realized gain of 

the Antenna-B obviously decreases.  

To improve the suppression level at higher stopband, the direct 

connection between the radiation patches and shorted walls is replaced 

by capacitive coupling, which is realized with two pairs of driven stubs 

connected to shorted walls. The new antenna is referred as Antenna-C, 

as illustrated in Fig. 2(c). As can be seen from the figure, the driven 

stubs are horizontally arranged beneath the radiation patches. Figure 

3(b) shows the simulated VSWR and realized gain of Antenna-C. 

Comparing to Antenna-B, it is clearly found that a new radiation null 

(Null 2) is generated at the higher passband edge and a high 

suppression level as high as 22 dB at the higher stopband is obtained. 

Besides, the impedance bandwidth is also distinctly enhanced. Despite 

two radiation nulls are obtained, the filtering response of the antenna 

can be further enhanced. Two U-shaped shorted stubs are introduced 

into the antenna-C, obtaining the proposed antenna, as depicted in Fig. 

2(d). a comparison of the simulated VSWRs and realized gains  
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(a)                                                                                    (b)                                                                                 (c) 

Fig. 3. VSWRs and realized gains comparisons. (a) Between Antenna-A and -B. (b) Between Antenna-B and -C. (c) Between Antenna-C and Pro. Antenna. 

 

 
(e) 

Fig.4. (a) A magnetoelectronic dipole antenna. (b) A parallel-plate transmission 

line. (c) A planar dipole. (d) A mathematic model. (e) Simulated and calculated 

input impedances of the antenna. 

between antenna-C and Pro. antenna is given in Fig. 3(c). a third 

radiation null (Null 3) can be observed. an out-of-band radiation 

suppression level better than 18 dB is obtained at the lower stopband. 

By far, the final structure of the proposed filtering antenna is 

determined and a good filtering performance with three radiation nulls 

is realized. 

III. WORKING PRINCIPLE 

A. Analysis of Null 1 

To illustrate the principle of Null 1 at 2.44 GHz, an approximate 

mathematical model based on the transmission line model is proposed. 

To reveal the intrinsic characteristic of MEDA, no specific feeding 

structure is included. The structure of MEDA and its equivalent model 

are depicted in Fig. 4. As shown in Fig. 4, the antenna can be divided 

into a planar electric dipole and shorted walls. To determine the input 

impedance of MEDA, the modeling process involves the following 

three steps. The first step is to consider the dipole as a lossy 

transmission line [34], and its input impedance can be obtained as 

follows: 

sinh 2 sin 2 sinh 2 sin 2

cosh 2 cos 2 cosh 2 cos 2
A a a

l l l l

Z Z jZ
l l l l

 
   

 

   

− +

= −
− −

  (1) 

In this expression, Za = 120[ln(2l/a) – 1], is the average characteristic 

impedance of the dipole, where l is the length of the dipole, a is the 

effective width of the dipole,  = R/(2 × Za), is the effective decay 

constant of the dipole, where R is the radiation resistance [34],  =  

 
Fig. 5. Current vector distribution of the proposed antenna. (a) At passband (4 

GHz) (b) At Null 1 (2.44 GHz). (c) At Null 2 (5.8 GHz). (d) At Null 3 (1.84 

GHz). 

 

Fig. 6. Equivalent circuit of the proposed antenna. 

2π/λes, is the phase constant of the dipole, where λes = λ0/√𝜀𝑒𝑠  and εes 

is the effective dielectric constant of the dipole. 

The second step is to model the shorted walls as a parallel-plate 

transmission line, and its characteristic impedance is 

 
p

d
Z

W


=  (2) 

where 𝜂 = 120π Ω is the wave impedance of free space, d and W denote 

the spacing and width of the parallel-plate transmission line, 

respectively.  

The third step is to transform the input impedance of the dipole 

along the parallel-plate transmission line. By using the impedance 

transformation formula [35], the input impedance of a lossless 

transmission line terminated by an arbitrary load 𝑍𝐿 can be obtained: 

 0
0

0

tan( )

tan( )

L
in

L

Z jZ l
Z Z

Z jZ l





+
=

+

 (3) 

Putting (1) and (2) substitute into (3), the input impedance of MEDA 

is obtained. Figure 4(e) shows the simulated input impedances 

obtained with full-wave simulation and theatrically calculation. As 

shown in Fig. 4(e), the input resistance becomes extremely high while 

the input reactance equals to zero at around 2.44 GHz, which indicates 
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        (a)                                                                                   (b)                                                                                    (c) 

Fig. 7. Simulated realized gains of the proposed antenna (a) with different We. (b) with different h1. (c) with different L4. 

a parallel resonance occurs. In this case, the antenna is equivalent to 

open circuit condition, leading to the serious impedance mismatching. 

Nearly all the energy in the feeding network is fully reflected back and 

no energy is radiated by antenna, resulting in Null 1. The current 

distribution at 2.44 GHz is depicted in Fig. 5(b). As observed, 

comparing to the current distribution at passband, the current on 

radiation patch is fairly weak, indicating little energy can be 

transmitted to the radiation patch. It confirms the validity of the theory. 

B. Analysis of Null 2 

To explain the principle of Null 2, an equivalent circuit model of the 

antenna is depicted in Fig. 6. For simplicity, only the equivalent circuit 

for driven stubs and radiation patches is shown. The electric dipole is 

replaced by a series resonant circuit Le Ce Re. The driven stubs can be 

replaced by the series inductor Ld, whose value mainly depends on the 

length of the driven stubs. The narrow gap between the driven stubs 

and the radiation patches provides a capacitive coupling. It can be 

modeled as a π -type network with a series capacitor Cg and two 

identical parallel capacitors Cs, whose value is determined by the width 

of the coupled-gap. 

The equivalent inductor and capacitor compose a one-order lowpass 

filter. Its cutoff frequency can be adjusted by modifying the length of 

the driven stubs and the height of the gap. In this design, the cut-off 

frequency is fixed at the frequency where Null 2 occurs. When 

operating at the passband, the driven stubs have no effect on the power 

transmission and energy can be smoothly transmitted to the radiation 

patches. While operating at the stopband, the energy would be cut off 

by the driven stubs and cannot be transmitted to the radiation patches, 

which leads to the radiation null at 5.8 GHz. The current distribution 

on the radiation patch is shown in Fig. 5(c). With reference to the 

figure, unlike the current distribution at passband, it mainly 

concentrates on the area over the driven stubs. Observing other area on 

the patch, the current is very weak, which gives a hint that energy 

resonates between the driven stubs and the patch and little energy can 

be radiated, leading to the radiation null at 5.8 GHz. Another point 

worthy mentioning is that the radiation null at upper passband edge can 

also be obtained by utilizing one or three pairs of driven stubs. This is 

because the equivalent circuit is similar. Since the proposed antenna is 

easier to obtain a good impedance match than that with one pair of 

stubs and is simpler in structure than that with three pairs of stubs, thus 

two pairs of driven stubs are finally selected.  

C. Analysis of Null 3 

To further improve the out-of-band radiation suppression level, two 

U-shaped shorted stubs are added at both sides of the slot. According 

to [35], a quarter-wavelength short-circuited stub is equivalent to a 

parallel resonator, and the relation between resonant frequency and 

total length can be expressed as: 

 

4 r

c
f

l 
=

 (4) 

where, f is the resonant frequency of the shorted stubs, c is the velocity 

of light in free space, εr is the effective dielectric constant of the 

substrate, and l = 2L4 + L5 is the total length of the shorted stubs. By 

appropriately tuning the total length l of the shorted stub, the resonant 

frequency can be shifted to a desired band. When it resonates, the 

power transmitted to antenna would be absorbed by the shorted stubs 

and dissipated in the form of heat. This makes the energy not 

transmitted to the antenna, thus generating radiation Null 3. Besides, 

another point worthy mentioning is that if two driven stubs with 

different lengths are utilized, two different radiation nulls would be 

obtained. For simplicity, two identical stubs are selected. 

IV. PARAMETER STUDY 

Some key parameters affecting the location of radiation nulls are 

analyzed. Figure 7(a) shows the effect of the parameter We on the 

realized gain. It can be seen that Null 1 and Null 2 simultaneously 

move toward the higher frequency band as We decreaes. This is 

because the current path length becomes shorter. We can also see that 

the location of Null 3 remains unchanged, which indicates that the 

length of dipole We has little effect on Null 3.  

The effect of the parameter h1 on the realized gain is displayed in 

Fig. 7(b). As observed in Fig. 7(b), Null 1 and Null 3 are nearly 

unchanged, while Null 2 moves toward lower frequency band as h1 

decreases. According to the above-mentioned analysis, the driven 

stubs and the coupled gap are composed of a lowpass filter. As the 

separation h1 decreases, the value of the equivalent capacitor becomes 

larger while that of the equivalent inductor remains unchanged, the 

resonant frequency of the equivalent lowpass filter moves downwards. 

As a consequence, Null 2 moves toward lower frequency band.  

The dimension (L4) of the U-shaped shorted stubs is analyzed.As 

shown in Fig. 7(c), Null 3 shifts to lower frequency band as L4 

increases. This is mainly because the U-shaped shorted stub works as 

a series resonant circuit. As L4 increases, the current path length 

becomes longer, thus Null 3 moves toward lower frequency band. 

V. ANTENNA IMPLEMENT 

A. Design Guideline 

Based on the above-mentioned analysis, a design guideline for the 

designed filtering antenna is summarized. The design procedure 

involves the following four steps: 

1) Determine the sizes of the radiation patch (Le × We) according to 

the desired center frequency. The resonant frequency of the radiation 

patch is mainly controlled by its lengths Le. Since the end effects at the 

two edges of the radiation patch would extend the resonant length, thus 

the initial length Le = 0.2λ0 (λ0 is the wavelength corresponding to 

center frequency) is selected. For wideband operation, the initial width  
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                     (a)                                                           (b) 

Fig. 8 Photographs of the proposed antenna. (a) Prototype. (b) Measurement. 

 
(a)                                                                  (b) 

Fig. 9 (a) Simulated and measured VSWRs and realized gains. (b) Simulated 

and measured efficiencies. 

We = 0.44λ0 is selected. Adjust the length Le of the radiation patch to 

tune the intrinsic radiation null to the desired lower passband edge 

frequency. 

2) Introduce driven stubs to the antenna to generate a radiation null 

at the higher passband edge. For ease of installation, the driven stubs 

can be printed on the bottom layer of the top substrate. The spacing 

h1between the driven stubs and the radiation patch is an important 

parameter. By appropriately adjusting the spacing h1, the radiation null 

can be shifted to the desired higher passband edge frequency. 

3) Add two identical U-shaped stubs terminated with shorting pins 

to further improve the radiation suppression level at the lower stopband. 

Resonant frequency of the U-shaped stubs mainly depends on the 

length (L4 × 2 + L5). Tune the length to adjust Null 3 to the desired 

frequency band, the out-of-band radiation would be effectively 

suppressed. 

4) Finally, refine each parameter to optimize the design for a good 

filtering performance and a required bandwidth. 

B. Experiment 

A prototype of the proposed filtering antenna is fabricated and tested 

for validation. The photographs of the designed antenna are shown in 

Fig. 8. The voltage standing wave ratio (VSWR) is measured using a 

vector network analyzer AV3672B. A SATIMO near-field 

measurement system is used to measure the radiation characteristics of 

the antenna. The simulated and measured VSWRs and realized gains 

are illustrated in Fig. 9(a). Referring to the figure, it can be seen that 

the proposed antenna achieves a relative impedance bandwidth of 53.5% 

(2.95 to 5.1 GHz). And a flat realized gain around 8 dBi is obtained in 

the operating band. Besides, the gain response exhibits sharp roll-off 

rates at the desired stopband. 

The simulated and measured radiation efficiency and patterns are 

shown in Fig. 9(b) and Fig. 10, respectively. With reference to the Fig. 

9(b), it can be found that the measured radiation efficiency is about 90% 

in the passband while 10% in the stopband, which gives a hint that a 

high frequency selectivity is realized. Besides, the measured efficiency 

in passband is a little less than the simulated one, which may be caused 

by the loss of the feeding network, fabrication tolerance and effect of 

test surroundings. Referring to the Fig. 10, symmetrical radiation 

patterns can be observed both in E- and H-plane. A wide beamwidth 

and a low cross-polarization are obtained over the whole operating 

band. 

 
Fig. 10 Simulated and measured radiation patterns. (a) 3 GHz. (b) 4 GHz. (c) 5 

GHz. 

TABLE I 

COMPARISON OF THE PROPOSED AND REFERENCE ANTENNAS 

Ref. Bandwidth VSWR Profile 
Gain 

(dBi) 

Out-of-band 

suppression (dB) 

[1] 16.3% < 2 / 2.41 / 

[12] 46.1% < 2 0.009 𝜆g 5 13 

[15] 20.3% < 2 0.1 𝜆g 9.05 25 

[19] 8.3%  < 2 / 6.83 12 

[30] 55.4%  < 1.5 0.22 𝜆g 7.8 17 

[31] 17.6% < 2 0.04 𝜆g 8 17 

[32] 27.6% < 1.5 0.10 𝜆g 8.2 20 

[33] 24.7% < 2 0.20 𝜆g 7.6 15 

Pro. 53.5%  < 1.5 0.15 𝜆g 8 17.9 
 

Note: 𝜆g denotes the wavelength corresponding to the center frequency 

C. Comparison 

In this section, a comparison between other filtering antennas in the 

published literatures and the presented antenna here is shown in Table 

I. With reference to the table, the proposed filtering antenna achieves a 

wider bandwidth of 53.5% for VSWR < 1.5 than all the mentioned 

references except [30]. Comparing to [30], due to the introduction of 

multiple coupling structure including the fork-shaped microstrip line 
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coupling slot and driven stubs, a lower profile height can be obtained 

while maintains a wide impedance bandwidth. Meanwhile, the 

proposed filtering antenna also achieves a high gain, a high out-of-band 

radiation suppression level and stable radiation patterns. 

VI. CONCLUSION 

In this paper, a broadband magnetoelectronic filtering antenna with 

quasi-elliptic gain response is presented. By introducing the fork-

shaped microstrip line aperture-coupled excitation and four driven 

stubs, two radiation nulls are obtained at the passband edges, 

exhibiting a good filtering performance. To understand the principle of 

the radiation nulls, a mathematical model and an equivalent circuit are 

proposed. In addition, to further improve the out-of-band radiation 

suppression level at the lower stopband, two quarter-wavelength U- 

shaped shorted stubs are employed to obtain the third radiation null. 

Parameter studies are provided to analyze the effect of various 

parameters. To validate the design, a prototype antenna operating at 

center frequency of 4 GHz is fabricated and measured. The simulated 

and measured results show a wide impedance bandwidth of 53.5% for 

VSWR < 1.5 (from 2.95 to 5.1 GHz) is realized. An average gain of 8 

dBi and a stable radiation pattern are achieved within the whole 

operating band. What’s more, an out-of-band suppression level better 

than 17.9 dB is achieved. 
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