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Here, how to control isolation and correlation by adjusting the position
of capacitors in a resonance structure in a MIMO ground radiation an-
tenna is studied. The MIMO system consisting of two 7 mm × 7 mm
printed ground radiation antennas operating at WLAN on a 40 mm ×
40 mm ground plane was installed. If the positions of the capacitors
of the two antennas are equally on the top of the ground plane, S12 is
−5.2 dB and envelope correlation coefficient is 0.47. When the capac-
itors are orthogonal to each other, S12 is improved to −16.5 dB and
envelope correlation coefficient is improved to 0.12. The orthogonality
of the characteristic mode of the ground plane by the antennas is con-
firmed by the radiation patterns when the position of the capacitor is
orthogonal.

Introduction: The MIMO antenna basically requires high isolation and
low correlation performance. Physically, as the distance between the an-
tennas increases, the isolation performance improves. However, for low
correlation performance, it is necessary to adjust the radiation pattern
[1–3]. A paper [4] that controls the radiation pattern of a ground ra-
diation antenna is a good previous study for MIMO ground radiation
antenna design. However, it analysed only a single antenna. The ground
radiation antenna has a great advantage in implementing the MIMO an-
tenna because it can change the characteristic mode of the ground plane
by changing the position of the capacitor without changing the shape of
the antenna. In this letter, we have studied the influence of the position of
the capacitor in the resonance structure of the MIMO ground radiation
antennas for high isolation and low correlation in the WLAN band.

Antenna design: Figure 1a shows a 7 mm × 7 mm ground radiation
antenna located on the edge of a 40 mm × 40 mm ground plane on a 1-
mm-thick flame retardant 4-type (FR-4) dielectric. The distance between
the two antennas is 26 mm, which is approximately 0.21 λ at 2.45 GHz.
The distance between the two antennas was set to 0.25 λ or less to ob-
serve the proposed antenna isolation change fairly. Each ground radia-
tion antenna consists of a feed structure including capacitor CF to control
the input impedance and a resonance structure including capacitor CR to
control the resonance frequency [5–8]. There are three cases where the
positions of CR of antenna 1 and antenna 2 are different. In case 1, CR1

and CR2 are located on the top of the ground plane as shown in Figure 1b.
In case 2, CR1 is located on the left side of the ground plane, and CR2 is
located on the right side of the ground plane as shown in Figure 1c. In

Fig. 1 Geometries of the proposed antennas

Fig. 2 Simulated S-parameters of the two antennas

Fig. 3 Measured S-parameters of the two antennas

Fig. 4 Measured envelop correlation coefficient

case 3, CR1 is located on the top of the ground plane, and CR2 is located
on the right side of the ground plane as shown in Figure 1d.

imulation and measured results: Figure 2 shows simulated S-parameters
of the two antennas in all three cases. All antennas are set to centre fre-
quency of 2.45 GHz. The transmission coefficient (S12) at 2.45 GHz in
case 1 is −5.2 dB, in case 2 is −9.2 dB, and in case 3 is −16.5 dB. The
−10 dB impedance bandwidth of both antennas is 40 MHz in case 1,
60 MHz in case 2, and 100 MHz in case 3. The impedance bandwidth
for three cases are different because of the mutual coupling between
the antennas. Figure 3 shows measured S-parameters, which are in good
agreement with the simulation results. S12 of case 1 is −7 dB, S12 of case
2 is −10.8 dB, and case 3 is −15.8 dB.

Figure 4 shows the measured envelope correlation coefficient (ECC)
values using the 3D cellular telecommunications industry association
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Fig. 5 Measured total efficiency

Fig. 6 Radiation patterns of antenna 1 and antenna 2 at 2.45 GHz

(CTIA) over-the-air (OTA) chamber. The average of ECC of case 1 is
0.47, of case 2 is 0.34, and of case 3 is 0.12. Case 3 has the lowest ECC
values of less than 0.2 at all frequencies in the 2.4–2.5 GHz band and
has the best MIMO performance. Figure 5 shows the measured total ef-
ficiencies of the MIMO antennas for each case. The antennas of case
1 have an average efficiency of 35% in the 2.4–2.5 GHz band. The an-
tennas of case 2 have an average efficiency of 49% and case 3 have the
average efficiency of 64%. The antennas of case 3 have the highest effi-
ciency, and the antennas of case 1 have the lowest efficiency because of
isolation loss.

Figure 6 shows the radiation patterns of case 3 where the positions
of capacitor CR of antenna 1 and antenna 2 are different at 2.45 GHz.
Firstly, looking at the radiation patterns of antenna 1 where the capacitor
is located on the top of the ground. In the XY-plane, the theta polarization
of the electric field (Eθ ) is omnidirectional and is stronger than the phi
polarization of the electric field (Eϕ) shown as Figure 6a. In the YZ-plane,
the Eθ is about 15 dB stronger along the Y-axis direction than the Z-axis
direction as shown in Figure 6b. In the XZ-plane, the Eθ is about 20 dB

stronger along the X-axis direction than the Z-axis direction as shown in
Figure 6c. That is, antenna 1 of case 3 has the same radiation pattern as
a Z-axis dipole-type antenna.

Secondly, we observed the radiation patterns of the antenna 2 in case
3 having capacitor CR positioned on the right side of the ground plane. In
the XY-plane, the Eϕ is about 15 dB stronger along the X-axis direction
than Y-axis direction as shown in Figure 6d. In the YZ-plane, the elec-
tric field is about 5 dB stronger along the Z-axis direction than the Y-axis
direction as shown in Figure 6e. In the XZ-plane, the Eϕ is the omnidirec-
tional pattern as shown in Figure 6f. Therefore, antenna having capacitor
CR positioned on the side of ground plane has same radiation pattern as
a Y-axis dipole-type antenna.

Conclusion: The ground radiation antenna changes the characteristic
mode of the ground plane depending on the position of the capacitor
in the resonance structure. In this letter, we studied the isolation and
ECC of two ground radiation antennas depending on the position of the
capacitor. When the capacitor is located on the top of the ground plane,
the Z-axis dipole-type characteristic mode is mainly excited. When the
capacitor is located on the side of the ground plane, the Y-axis dipole-
type characteristic mode is mainly excited. Therefore, isolation and ECC
performances are best when the capacitor is in the orthogonal position.
All these results can be applied regardless of the size of the ground or the
position of the antennas, and can be applied to applications in different
frequency bands.
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