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Abstract-This paper presented a single mushroom-liking load-

ing to enhance the isolation between two closely packed substrate 

integrated waveguide cavity-backed slot (SICBS) antennas. The 
mushroom inserted between two SICBS antennas blocks and 
concentrates part of the spaced-fields radiation from one antenna 

element, so that an inter-between isolation enhancement is 
achieved. The two-element parallel directed SICBS antennas 
(side-to-side) with the mushroom structure, wherein the height of 

mushroom is 0.04 λ0 (λ0 is the free-space wavelength at the cen-
tral operating frequency), enhances the inter-between isolation 
by 8 dB over the operating band (|S11|<-10 dB) of 2.375 

GHz2.415 GHz. 

I. INTRODUCTION 

Within complex multipath environment, the performance of 

the wireless communication system, in terms of channel ca-

pacity and data transfer rate, can be greatly improved by the 

multiple-input-multiple-output (MIMO) technology [1]. How-

ever, within limited size, the closely placed multiple antenna 

elements lead to a reducing inter-element isolation, which 

deteriorates the performance of the MIMO system [2]. There-

fore, it is a challenge to enhance the isolation for a compact 

MIMO system.  

Numerous isolation-enhanced methods of multiple antenna 

elements have been reported. They can be summarized as the 

adoption of decoupling matching networks (DMNs) [3], the 

usage of current cancelling branches [4], as well as the utiliza-

tion of the metamaterials, such as DGS [5], EBG [6], SRRs [7], 

and mushroom structure [8]. 

Substrate integrated cavity-backed slot (SICBS) antenna is 

suitable for the modern wireless MIMO system because of the 

advantages of stable far-filed patterns, low profile, and easy 

integration [9], [10]. In particularly, the surface-wave coupling 

of the SICBS antenna system is reduced due to the adoption of 

the metallic vias array.  

Owing to the ban-gap characteristics (associated with a 

stopband for surface-wave propagation), the mushroom struc-

tures can be applied to improve the performance of the MIMO 

system by suppressing the surface-wave coupling between 

multiple elements [8]. However, it isn’t suitable to increase 

the inter-between isolation of the MIMO antenna system when 

the spaced-field coupling is the dominant over the surface-

wave one. Especially, the planer mushroom structures inserted 

between two antennas increase the design complexity and the 

size of the antenna system [8]. Therefore, it is necessary to 

develop a simple structure to reduce the spaced-field coupling 

between closely-spaced SICBS antenna elements for enhanc-

ing MIMO system performances.   

In this paper, a single mushroom structure is loaded be-

tween two closely-spaced MIMO SICBS antennas to enhance 

the inter-element isolation. A metallic patch is connected 

through by a post, which is then downward extends to the 

ground plane of the two-element SICBS antennas. Part of 

spaced fields are blocked and concentrated around the mush-

room loading, so that the inter-between isolation of the two-

element MIMO antennas can be increased.  

II. TWO-ELEMENT SICBS ANTENNA SYSTEM LOADED WITH A 

SINGLE MUSHROOM STRUCTURE 

Mushroom

loading

Two-element 
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Figure 1. The perspective view of the SICBS antenna pair loaded with mush-
room structure. 
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The geometry of the parallel directed SICBS antenna pair 

(side-to-side) with a simple single-mushroom loading is 

shown in Fig. 1, wherein the mushroom structure comprises a 

metallic patch and a grounded post. The post connects the 

patch and extends to the ground plane of the two-element 

SICBS antennas, which are separately fed by the coaxial 

probes, respectively. The mushroom is inserted inter-between 

the two antennas.  

The two-element SICBS antennas are implemented on a 

substrate of Rogers RO4003C with ɛr of 3.38, tan of 0.0027, 

and a thickness of 1.524 mm in this paper. The dimension of 

the two-element SICBS antennas loaded with a single-

mushroom structure is illustrated in Fig. 2.  

It can be seen that the mushroom comprises a metallic cir-

cular patch with a radius of 28 mm (0.23λ0, λ0 is the free-

space wavelength at the central operating frequency) and a 

post with a radius of 1 mm and a height of 5 mm (0.04λ0). 

Two identical SICBS antennas with a size of 50 mm × 50 mm 

are parallel directed (side-to-side) with an edge-to-edge dis-

tance of 3 mm (0.024λ0). The overall size of the two SICBS 

antennas loaded with a single mushroom is 130 mm × 80 mm 

× 6.5 mm. 
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(b)  Top view  
  

Figure 2. The dimension of the proposed two-element SICBS antennas loaded 
with mushroom structure. (Unit: mm) 

 

When Ant.1 is excited, the E-field distribution along xy-

plane is exhibited in Fig. 3. Because of the adoption of the 

mushroom loading, the majority of spaced-fields are blocked, 

and part of the fields is trapped around the mushroom, and 

thus very little field is coupled to other one. Therefore, the 

mushroom loading changes the distribution of the near field, 

which leads to an isolation enhancement of two closely spaced 

SICBS antennas. The two-element SICBS antennas with 

mushroom loading are optimized and simulated using the 

software CST [11]. 
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Figure 3. The simulated E-filed magnitude distribution along xy-plane at 

2.37GHz, 2.38GHz, 2.39GHz, and 2.4GHz (excited by Ant. 1, z=1.525 mm). 

 

III. RESULTS 

 

Figure 4. The photo of the fabricated two-element SICBS antennas with 
mushroom loading  

 

The photo of the two-element SICBS antennas with mush-

room loading is illustrated in Fig. 4. The simulated and meas-

ured |S11| of the two-element SICBS antennas with/without 

mushroom are sketched in Fig. 5.  
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Figure 5. The simulated and measured |S11| of the two-element SICBS anten-
nas with/without mushroom as well as the simulated realized gain of that with 

mushroom. 
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Figure 6. The simulated and measured |S21| of the two-element SICBS anten-
nas with/without mushroom. 

 

The measured |S11| is less than -10 dB from 2.375 GHz to 

2.415 GHz. The measured maximum |S21|s of the two antennas 

with/without mushroom-liking loading are -16 dB and -24 dB 

within the operating band (|S11| <-10 dB), respectively. There-

fore, keeping the reflection coefficient unchanged, the isola-

tion between the two antennas is increased by 8 dB, which 

validates the mushroom loading can enhance the isolation of 

the antennas. Additionally, the maximum gain of 5.2 dBi can 

be achieved within the operating band. 
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Fig. 7. Simulated radiation patterns (2.4 GHz). 

The simulated far-field radiation pattern of Ant. 1 with the 

mushroom structure at 2.4 GHz is shown in Fig. 7. In both E- 

and H-planes, the front-to-back ratio is larger than 18 dB rang-

ing from 2.375 to 2.415 GHz. It can be seen there is a small 

beam squint of 15
o
 in the E-plane patter due to the blocking by 

the mushroom loading along the E plane.  

IV. CONCLUSION 

A single mushroom has been loaded to increase the isola-

tion of two-element SICBS antennas for MIMO applications. 

The spaced-field radiation from one antenna is blocked, and 

its distribution is changed by the mushroom loading. Thus, an 

inter-element isolation enhancement of 8dB has been achieved. 

Due to the simple design and easy optimization, this isolation-

enhanced method can be developed and implemented to the 

MIMO system required more antenna elements.  
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