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MIMO Antenna Using Resonance of Ground Planes for 

4G Mobile Application  

Xing Zhao․Kyeol Kwon․Jeahoon Choi 

Abstract 

A MIMO antenna using the resonance of ground planes is proposed for 4G mobile application. A resonant mode 
is generated when the double ground planes (upper and lower) in the mobile terminal are excited as the radiator. By 
combining the resonant modes contributed from both the antenna element and the ground planes, the proposed MIMO 
antenna realizes a wideband property over LTE band 13. In addition, an inductive coil is employed to reduce the 
antenna volume. These approaches not only simplify antenna design but also effectively improve bandwidth and 
efficiency. The proposed MIMO antenna has an excellent ECC value of below 0.1 because of the nearly orthogonal 
radiation patterns of the two radiators. Moreover, an additional antenna is adopted to cover WiMAX, WLAN, and 
Bluetooth services simultaneously in frequency range from 2 GHz to 2.7 GHz.
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Ⅰ. Introduction

Fourth Generation (4G) mobile communications have 
received substantial attention, dominating the recent mo-
bile communication market. The Multi-input Multi-out-
put (MIMO) antenna is expected to be a key element in 
supporting 4G systems [1]～[3]. Because of the limi-
tation of volume in a mobile terminal, MIMO antennas 
usually have low efficiency and narrow bandwidth. As 
the biggest piece of conductor around the antenna in a 
mobile terminal, the ground plane has aroused much 
interest. It has been widely accepted that the utilization 
of a ground plane could substantially improve the per-
formance of small antennas [4]. In the MIMO system, the 
value of Envelope Correlation Coefficient (ECC) is a key 
parameter in evaluating the performance of an antenna. In 
general, a small ECC value guarantees a good isolation 
performance in a MIMO system. However, isolation is 
not directly related to the ECC in a MIMO system with 
small antenna elements because of the low efficiency. 
So some popular approaches to enhancing isolation per-
formance do not effectively improve ECC simulta-
neously [5]. The only valid method for improving ECC 
in a small MIMO system is to increase the pattern diver-
sity of different antenna elements. In a MIMO system 
with small antenna elements and quasi-omnidirectional 

radiation patterns, the most effective way to lower the 
ECC is to increase the separation angle between the dif-
ferent patterns.

In this paper, a MIMO antenna designed for 4G mo-
bile application is proposed. By utilizing the resonance 
of ground planes and an inductive coil, the proposed an-
tenna improves both bandwidth and efficiency proper-
ties. By modifying the radiation patterns orthogonally, 
the MIMO antenna obtains a low ECC of below 0.1. 
Moreover, an additional radiator is designed to cover 
WiMAX, WLAN, and Bluetooth bands with frequencies 
ranging from 2 GHz to 2.7 GHz.

Ⅱ. Antenna Design and Performance

The geometry of the proposed MIMO antenna is sh-
own in Fig. 1. 

The proposed MIMO antenna consists of three radiat-
ing elements: upper ground, lower ground, and FR4-sub-
strate (εr=4.4) with a dimension of 60 mm×105 mm× 
0.8 mm. Radiator #1 is located on the top edge of the 
substrate. Radiator #2 is placed on the left side of the 
substrate. Both elements are connected to the same up-
per ground with a total size of 55 mm×95 mm, which 
is printed on the top surface of the substrate. The addi-
tional Radiator #3 is connected to the lower ground,  
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(a) Perspective view
  

(b) Top view

(c) Front view

Fig. 1. Geometry of the proposed MIMO antenna.

  

 
which is placed on the bottom surface. Radiator #1 oc-
cupies a total volume of 22 mm×10 mm×5 mm with a 
strip width of 1 mm. An additional inductive coil is ma-
de of 0.5 mm diameter copper wire and has three turns 
with a 1 mm pitch gap, a diameter of 5 mm, and a hei-
ght of 3 mm. It is connected to the monopole-type radi-
ating strip in a cascade. With three turns, the coil has 
an inductance of about 35 nH [6]. Moreover, an im-
pedance-tuning strip is located just beside the feeding 
point and operates as a shunt capacitance to improve 
impedance matching. Radiator #2 has a long straight 
strip with a length of 74.5 mm and a width of 1 mm. 
Radiator #3 has an L-shaped strip with a total length of 
27 mm and a width of 1 mm.   

The return losses of Radiators #1 and #2 with respect 
to variations in the length of the ground plane (L) are 
shown in Fig. 2(a) and (b). The resonance frequency of 
the mode induced by the ground planes is determined by 
the length (L) of the ground planes, which is approx-
imately 0.5 λ (λ is the wavelength in FR-4 substrate). 
However, the frequencies of the modes induced by Ra-
diators #1 and #2 are not affected by the variations in 
the length of the ground planes.

The corresponding current distributions on the ground 
planes at the resonance frequency of the ground planes 
(0.752 GHz) are shown in Fig. 3. The currents on the 
ground planes excited by both Ports #1 and #2 flow 
mainly in the direction of the x-axis. The maximal st-

(a) Radiator #1           (b) Radiator #2

Fig. 2. The return losses of Radiators #1 and #2 with 
respect to a variation in the length of the ground 
plane (L).

  

 

(a) Port #1           (b) Port #2

Fig. 3. The current distributions on the ground planes at the
resonance frequency of the ground planes (0.752 
GHz).

  

 

 (a) Radiators #1 and #2 at   (b) Radiator #1, #2, and #3 
    lower LTE band 13         at higher band

Fig. 4. Measured return loss and isolation characteristics 
of the MIMO antenna.

rengths of both currents occur at the center of the gr-
ound planes. As the observation point moves from the 
center toward the edge of the ground planes, the streng- 
ths of the currents decrease. The quasi-TMz

100 modes are 
generated within the dielectric substrate between the gr-
ounds.

The measured return loss and isolation characteristics 
of the designed antenna are shown in Fig. 4 (a) and (b). 
The chart shown in Fig. 4 (a) confirms that Radiators #1  
and #2 achieve sufficient 6 dB bandwidths to cover the 
LTE band 13 (0.745～0.787 GHz). The proposed two 
radiators have isolation above 9 dB over the LTE band 
13. Fig. 4 (b) confirms that Radiator #3 achieves a 6 dB 
bandwidth from 2.0 GHz to 2.7 GHz, covering WiMAX, 
WLAN, and Bluetooth bands, simultaneously. Radiator 
#1 does not operate at a higher band. The 6 dB return 
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      (a) 0.746 GHz             (b) 0.787 GHz
         

      (c)  2.1 GHz             (d) 2.5 GHz

Fig. 5. Measured radiation patterns. 

  

loss bandwidth of Radiator #2 is narrower than that of 
Radiator #3 and would not be used at a higher band. 
Fig. 3 shows that the isolation between Radiator #2 and 
#3 is above 10 dB. 

The measured radiation patterns are shown in Fig. 5. 
According to the measured results, the peak gain of 
Radiator #1 is above —1.22 dBi, and the peak gain of 
Radiator #2 is above —2.89 dBi. The peak gain of Ra-
diator #3 is above 1.68 dBi. As expected, the total radi-
ation patterns of Radiators #1 and #2 have separation 
angles of around 90°, which lowers the ECC value.

The ECC is calculated using the measured radiation 
patterns, as shown in Fig. 6 [7]. The proposed MIMO 
antenna has an excellent ECC of below 0.1 over the 
LTE band 13 because of the nearly orthogonal separa-
tion angles. 

The radiation efficiencies of the proposed MIMO 
antenna are  shown in Fig. 7. As this figure shows, the  

 

Fig. 6. ECC of proposed MI- Fig. 7. Radiation efficiencies 
      MO antenna.              of proposed MIMO  

antenna.

  

radiation efficiency of Radiator #1 is above 50 %, and 
the radiation efficiency of Radiator #2 is above 33 %. 
The results confirm that the inductive coil in Radiator
#1 effectively improved the radiation efficiency. The ra-
diation efficiency of Radiator #2 is lower than that of 
Radiator #1 because of the stronger opposite-directional 
image current on the ground planes. Moreover, the radi-
ation efficiency of Radiator #3 is above 60 %.

Ⅲ. Conclusion

This paper proposed a MIMO antenna for 4G mobile 
applications. By utilizing the resonance of ground planes 
and an inductive coil, the proposed antenna achieves a 
simplified design in addition to improved bandwidth and 
efficiency. Moreover, the proposed MIMO antenna has 
an excellent ECC value of below 0.1 because of the 
nearly orthogonal radiation patterns of the two radiating 
elements. These properties make the proposed MIMO 
antenna a promising choice for 4G mobile applications. 
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