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Abstract— A shorting-wall loaded metamaterial mushroom 

array antenna is proposed for bandwidth enhancement and 
compact design. Owing to the shorting-wall loading, the lower 
frequency region of the right-handed branch of the composite 
right/left-handed (CRLH) mushroom structure is exploited. 
The operating modes of the antenna are investigated. The an-
tenna prototype at 5-GHz band exhibits 26% impedance 
bandwidth (|S11|<−10 dB) with a compact size of 0.65λ0  0.61λ0 
 0.06λ0 (λ0 is the center operating wavelength in free space). 

Index Terms— Wideband antenna, metamaterial antenna, 
metamaterials, CRLH mushroom, shorted boundary, low profile, 
compact antenna. 

I.  INTRODUCTION 

To overcome the inherent narrow operating bandwidth of 
the conventional microstrip patch antenna, numerous tech-
niques have been proposed with an improved impedance 
bandwidth reaching 30%. The bandwidth expansion tech-
niques include the utilization of capacitive probe feed, U/E-
slotted patch, L-probe feed, aperture coupling, and stacked 
patches [1][6]. However, all the aforementioned techniques 
require a low-permittivity antenna substrate with a thickness 
of about 0.1 λ0 (λ0 is the operating wavelength in free space). 

We have developed a broadband low-profile antenna de-
sign methodology by employing a composite right/left-
handed (CRLH) mushroom structure, which enables the use 
of a relatively high permittivity substrate with a small height 
of less than 0.06λ0 while maintaining 30% operating band-
width [7][9]. The broadband radiation is attributed to the 
simultaneously excited TM10 mode and antiphase TM20 
mode in the mushroom cells with open boundary. Further-
more, its intrinsic ability of surface wave suppression has 
been demonstrated in the 60-GHz metamaterial mushroom 
array design [9]. 

In this paper, we present a compact wideband mushroom 
antenna wherein two metal-topped vias arrays are positioned 
close to the outer radiating edges of the mushroom structure. 
Different operating modes are excited at the lowest part of 
the right-handed branch of dispersion relation of the mush-
room unit cell, leading to a miniaturized configuration. 

II. ANTENNA DESIGN 

The geometry and detailed dimensions of the compact 
shorting-wall loaded mushroom array antenna is shown in 
Fig. 1. The mushroom unit cell is formed by a square patch 
and a center shorted via. The mushroom cells are two-
dimensionally distributed with a period p and a gap width g 
in between. The shorting metal-topped via-walls are posi-
tioned near the radiating edges of the 4 × 4 mushroom cells. 
The space between the top metal strip of the shorting-wall 
and the radiating edges of the mushroom cells is g/2. The 
antenna is with an aperture coupled feeding structure where a 
slot is cut on the common ground plane of 35.6 × 33 mm2 
and the microstrip line is etched on the bottom layer of the 
substrate. The antenna is implemented on the Rogers 
RO4003C substrate (  = 3.55, tan  = 0.0027) with a con-
ductor thickness of 0.034 mm. 

Fig. 2(a) shows the propagation constant βu of the mush-
room unit cell extracted from the S-parameters by full-wave 
simulation. For the mushroom antennas with open boundary, 
the +1st and +2nd resonances are utilized for directive radia-
tion. The shorting-wall loaded mushroom antenna achieves 
broadband operation by combining the zeroth order and +1st 
resonances. For the shorting-wall loaded antenna comprising 
4 × 4 mushroom cells, the series zeroth order and +1st reso-
nances occur at 5.10 and 6.06 GHz respectively from the 
dispersion relation in Fig. 2 (a). 

Fig. 2(b) illustrates the simulated E-field distributions at 
the two resonance frequencies. The shorting-wall loaded 
antenna exhibits a series zeroth order resonance (ZOR) oper-
ating mode at 5.10 GHz, whereas a unique antiphase TM10 
mode is excited at 6.06 GHz. When operating at the anti-
phase TM10 mode, the directions of the E-field at the oppo-
site sides of the central region are antiparallel because of the 
slot-excitation on the ground plane and the central mush-
room gap. Incorporated with the shorting-wall loading, the 
in-phase radiation field distributions along the mushroom 
gaps are excited. 

The broadband antenna performance is achieved by the 
closely-spaced dual operating modes, together with reduced 
quality factor because of the occurrence of the cell gaps. As 
shown in Fig. 2(c), the antenna gain varies from 6.1 dBi to 
7.8 dBi over the −10 dB impedance bandwidth of 4.73–6.28 The work was partially supported by Agency for Science, Technology 

and Research (A*STAR), Singapore, Metamaterials Program under Grant 
#092 154 0097. 
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III. EXPERIMENTAL RESULTS  

Fig. 3(a) shows the photograph of the antenna prototype. 
The four corners are implemented to screw the radiator and 
the feeding substrates together. All the dimensions are the 
same as those shown in Fig. 1, except the change of w = 1 
mm because of the PCB process limit. 

 

As shown in Fig. 3(b), the proposed antenna exhibits a 
measured bandwidth of 4.91–6.37 GHz (26%) for |S11| less 
than −10 dB. Over the measured impedance bandwidth, a 
measured gain of 6.0–7.6 dBi is achieved, as depicted in Fig. 
3(c). The slight discrepancy of the simulated and measured 
bandwidth may come from the variation of the substrate 
permittivity and the fabrication tolerance of the shorting-wall 
loaded mushroom structure. 

 

Fig. 4 plots the simulated and measured radiation patterns 
of the antenna prototype at 5.0, 5.5, and 6.0 GHz. Good 
agreement between the simulated and measured results has 
been obtained. The measured cross-polarization levels are 
less than −20 dB in both E- and H-planes, while the simulat-
ed ones are less than −38 dB. The reasonable measured 
cross-polarization deterioration is mainly attributed to the 
SMA connector and the measurement environment. 

IV. CONCLUTION 

The metamaterial-based shorting-wall loaded mushroom 
structure has been presented for low-profile broadband an-
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Fig. 3.  Shorting-wall loaded mushroom array antenna prototype: (a) photo,
(b) |S11|, and (c) gain. 
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Fig. 4.  Radiation patterns at 5.0, 5.5, and 6.0 GHz. 



tenna design. The distinguished operating series ZOR mode 
and antiphase TM10 mode have been discussed. Compared 
with the mushroom antenna counterpart with open boundary 
[7], the size of the proposed shorting-wall loaded mushroom 
array antenna is further reduced. Desired performance has 
been validated by an antenna prototype at 5-GHz band. 
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