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Uniplanar UWB-MIMO Antenna with High Isolation Based on a
Radiator-Ground Shared Structure
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Abstract—This letter presents a uniplanar two-port UWB-MIMO antenna with high isolation for
wireless communication applications. The designed antenna is composed of a single metal layer and
a thin substrate. The single metal layer acts as radiators and a ground plane. The radiator of each
element consists of a modified dual-L-shaped feeding structure and a defected rectangular patch, which is
shared by the ground plane. The modified dual-L-shaped feeding structure is introduced to broaden the
bandwidth. Furthermore, two fork-shaped slots and bent slots are embedded in the rectangular shared
structure for further improving the bandwidth and decreasing the mutual couplings without any other
additional decoupling structures. The experimental results show that the proposed antenna achieves
the ultra-wide impedance bandwidth (3.0–12.4 GHz), high isolation (> 20 dB at entire impedance
bandwidth), very small ECC (< 0.01), high multiplexing efficiency (> −1.9 dB), stable realized gain, and
radiation patterns. Therefore, the designed antenna is suitable for most wireless UWB communication
applications.

1. INTRODUCTION

Ultra-Wideband (UWB) is a carrier-free communication technology. It transmits data by using
nonsinusoidal narrow pulses at nanosecond to microsecond. In recent years, UWB communication
technology has attracted wide attention due to its outstanding advantages such as high transmission
rate, large channel capacity, good concealment, precise positioning, strong anti-multipath fading,
low hardware cost, and low power consumption [1–4]. Especially since the Federal Communications
Commission (FCC) approved the unlicensed allocation of the 3.1–10.6 GHz frequency band to
commercial UWB wireless communication systems in 2002, a wave of researches on ultra-wideband
communication technology has been triggered. However, FCC has strict restrictions on the radiated
power of UWB, which makes the communication distance of UWB wireless communication systems
shorter. In order to effectively increase the communication distance of the UWB system, it has been
suggested that UWB technology combines the Multiple-Input Multiple-Output (MIMO) technology to
form UWB-MIMO technology. Therefore, as a key component of UWB-MIMO systems for transmitting
and receiving signals, UWB-MIMO antenna has also gradually attracted attention [5–7].

In general, two most important problems in UWB-MIMO antenna design are how to broaden
the bandwidth and improve the isolation. In recent years, many methods or techniques have been
adopted for broadening the bandwidth such as many type monopole antennas [8–10], slot antennas
[11], gradual structure antennas [12], fractal antennas [13], and meander techniques [14]. On the other
hand, the methods or techniques of improving isolation mainly focus on the decoupling structures [15],
neutral line [16], orthogonal layout [17], defected ground structure (DGS) [18], electromagnetic band
gap (EBG),pattern diversity [19], etc. Most of the existing UWB-MIMO antennas have multiple
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layer structures, and their radiators and ground plane are independent and separate. However, the
compactness of modern wireless terminals or platforms requires the conformal design of antenna
structures. Especially, the enclosure or chassis of the terminal acts as not only radiators, but also
a ground plane [20]. Recently, this design method of the shared structure is mainly applied in mobile
communication terminals, which requires narrow bandwidth and low isolation compared with UWB
applications. Therefore, it is important that two key problems of the limited bandwidth and low
isolation need to be solved for extending this method to the UWB-MIMO antenna design.

In this letter, a uniplanar two-port UWB-MIMO antenna is designed by using a radiator-ground
shared structure. The designed antenna consists of a single rectangular metal layer and a thin substrate.
The radiator of each element consists of a modified dual-L-shaped feeding structure and a defected
rectangular patch, which is shared by the ground plane. The bandwidth potential of the designed
antenna is predicted by using characteristic mode analysis (CMA). The modified dual-L-shaped feeding
and loading structure is introduced to excite the desired characteristic modes (CMs) at some relevant
resonant frequencies, and thus the structure broadens the bandwidth. Furthermore, the fork-shaped
and bent slots are embedded in the rectangular shared structure for partially improving bandwidth and
decreasing the mutual couplings without any other additional decoupling structures.

2. ANTENNA DESIGN

Physical structure of the proposed antenna is illustrated in Figure 1. Similar to a coplanar waveguide
(CPW) fed antenna, the designed antenna also has a uniplanar structure. However, the CPW-fed
antenna requires that the ground plane and radiator must be separated and cannot be connected as a
whole. Furthermore, its structure design has some specified requirements, and its feed port usually uses
an SMA connector. The proposed antenna is a radiator-ground shared structure with a single metal
patch. The metal patch acts as radiators and a ground plane.

Figure 1. Physical structure of the proposed antenna.

The designed antenna consists of a rectangular metal patch and a Rogers3003 substrate (εr = 3.0,
tan δ = 0.001), and its thickness is 1.6 mm. The designed antenna is printed on the Rogers3003 substrate
and fed by two RF coaxial cables. The design procedure of the proposed antenna is described as follows,
which is also illustrated in Figure 2.

Firstly, for one element of the antenna, a small rectangular patch is slit from the long side of
the metal patch, which makes room for a feeding and loading structure. Based on the quarter-loop
structure reported in [19] and the half-loop structure reported in [20], a modified dual-L-shaped loading
and feeding structure is designed to excite the desired CMs and broaden the bandwidth. The feeding
structure consists of two smaller deformed L-shaped patches. One L-shaped patch is deformed as a
stepped patch, and the other is truncated and slit on the corner. The two smaller patches are connected
to each other, and one of them is also connected to the shared rectangular patch. Two elements of the
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Figure 2. Design procedure of the proposed antenna. (a) Antenna #1, (b) Antenna #2, (c)
Antenna #3.

(b)(a)

Figure 3. Predicted the six most relevant CMs at the UWB band. (a) Characteristic angles, (b) Modal
significances.

antenna are identical, and they are located on the opposite edges. This design process of the antenna
is called Antenna #1.

Then, we investigate the bandwidth potential of Antenna #1 based on its characteristic mode
analysis (CMA). As shown in Figure 3(a), the first six most relevant CMs of the antenna resonate
at 3.0 GHz, 3.4 GHz, 5.5 GHz, 6.0 GHz, 9.2 GHz, and 10.2 GHz, respectively. Furthermore, the
characteristic angles (CAs) of mode 1 and mode 2 are near 180 degrees at the entire UWB. It is
shown that the two modes have ultra-wide bandwidth potential. The CAs of the other CMs are all
near 180 degrees from its own resonant frequency to the higher frequency. It also shows that the other
CMs have broader bandwidth potentials. The corresponding predicted modal significances (MSs) of the
six CMs are shown in Figure 3(b), which further confirms the ultra-wide bandwidth potential of the
designed antenna.

Secondly, in order to improve the impedance bandwidth and isolation, two longer fork-shaped slots
are etched on the metal layer of Antenna #1. This design process of the antenna is called Antenna #2.

Finally, two bent slots are etched on Antenna #2 for further decreasing the mutual couplings
between the two elements at the lower frequency band (below 4.0 GHz). This design process of the
antenna is called Antenna #3.

To verify the design effectiveness of the proposed antenna, the S-parameters analysis is carried
out by CST STUDIO SUITE. The reflection coefficients (S11 or S22) of the three antennas are shown
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in Figure 4(a). It is observed that the impedance matching is not good for the frequency ranges of
3.8–4.6 GHz, 6.7–7.5 GHz, and 8.2–9.3 GHz in Antenna #1. However, it has improved with a further
modification from Antenna #1 to Antenna #2 and Antenna #3.

On the other hand, by etching fork-shaped slots, the isolations (S12 or S21) of the antenna are
improved at higher frequency band (7.5–11.0 GHz), and the isolations of the antenna at lower frequency
band (< 5.2 GHz) are improved evidently by etching the bent slots, which are shown in Figure 4(b).
Therefore, the S-parameters indicate that the proposed antenna has ultra-wide bandwidth and higher
isolation.

(b)(a)

Figure 4. S-parameters of three designed antenna. (a) S11 or S22, (b) S12 or S21.

3. RESULTS AND DISCUSSION

The optimized geometry parameters of the proposed antenna are shown in Table 1. The reflection
coefficient (S11 or S22) of the antenna is described in Figure 5(a), which shows that the measured values
are consistent with the simulated ones. The antenna has an ultra-wide bandwidth of 9.4 GHz (3.0–
12.4 GHz) and a fractional bandwidth of 124.2%. Therefore, the impedance bandwidth of the antenna
completely covers the UWB. Furthermore, the antenna resonates at multiple frequencies, which is
corresponding to the results of characteristic mode analysis.

Table 1. The optimized geometry parameters of the proposed antenna.

Parameter L L1 L2 L3 L4 L5 L6 W W1 L7
Value (mm) 45 16.8 23 6 12.6 5.5 1.0 40 10 9.8
Parameter W2 W3 W4 W5 a b c S1 S2 L8

Value (mm) 3.0 4.0 1.5 3.0 2.0 1.6 1.5 1 0.5 11

The isolation performance (S12 or S21) of the designed antenna is illustrated in Figure 5(b). It can
be observed that the isolation is larger than 20 dB at the frequency range from 2.0 GHz to 13.0 GHz.
Furthermore, the isolation is larger than 22 dB at most frequencies of the impedance bandwidth, and
the maximal isolation is larger than 48.0 dB. Therefore, the antenna achieves higher isolation or lower
mutual coupling at entire impedance bandwidth (3.0–12.4 GHz).
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Figure 5. The S-parameters of the proposed antenna. (a) S11 or S22, (b) S12 or S21.

Figure 6. The realized gain of the proposed antenna.

The simulated and measured results of the maximal realized gain are shown in Figure 6. It can
be observed that the proposed antenna has relatively stable gain. Furthermore, it varies from 2.4 dBi
to 5.8 dBi at the entire impedance bandwidth (3.0–12.4 GHz). Considering the ultra-wide bandwidth,
the variation of the realized gain is acceptable for most engineering applications. Figure 7 shows the
radiation patterns of the designed antenna at sample frequencies of 4.0 GHz, 7.0 GHz, and 10.0 GHz. It
shows that the antenna achieves a stable radiation performance.

The diversity gain and multiplexing efficiency of the proposed antenna are illustrated in Figure 8(a).
The diversity gain is near 10.0 dB at the entire impedance bandwidth, and it decreases from 9.95 dB to
8.2 dB at the lower frequency range (below 3.0 GHz). The multiplexing efficiency varies from −1.9 dB
to −0.1 dB at the entire impedance bandwidth, and it also decreases from −0.2 dB to −7.8 dB at the
lower frequency range (below 3.0 GHz). Therefore, the designed antenna achieves high diversity gain
and multiplexing efficiency at the entire impedance bandwidth.

The envelope correlation coefficient (ECC) of the designed antenna is described in Figure 8(b). It
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Figure 7. The radiation patterns of the proposed antenna. (a) E-plane, (b) H-plane.

is observed that the ECC value is less than 0.01 at the entire impedance bandwidth, and it increases at
the lower frequency range (below 2.8 GHz). Therefore, the antenna has very small ECC values.

Table 2 shows a comparison of some representative UWB-MIMO antennas and radiator-ground
shared structure antennas published in recent years. Although the comparison is not comprehensive, it
almost represents the current state-of-the-art of UWB-MIMO technology and radiator-ground shared
structure technology. Although the size of the proposed antenna is slightly larger than that of some
existing UWB-MIMO antennas with a monopole and DGS structure, the design method of the radiator-
ground shared structure is successfully extended to the UWB-MIMO antenna design. Furthermore,
compared with some existing UWB-MIMO antennas, the characteristics of the proposed antenna are
mainly reflected in the number of metal layers and conformal design. Therefore, the proposed antenna
achieves a good trade-off of the compactness, bandwidth, gain, radiation pattern, isolation, and ECC.

(b)(a)

Figure 8. The diversity characteristics of the proposed antenna. (a) The diversity gain and multiplexing
efficiency, (b) The ECC performance.
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Table 2. Performance comparison of several typical published literatures.

References
Size

(mm2)

Bandwidth

(GHz)

Gain

(dBi)

Isolation

(dB)
ECC Structure

Ref. [5] 23 × 40 2–11 2.0–6.0 > 17 < 0.15 Monopole and DGS

Ref. [7] 50 × 40 2.7–12.0 2.0–5.7 > 17 < 0.03 Monopole and DGS

Ref. [12] 34 × 18 2.93–20.0 0–7.0 > 22 < 0.01 Monopole and DGS

Ref. [13] 24 × 30 3–12.6 2–4.8 > 16.3 < 0.05 Fractal Monopole and DGS

Ref. [15] 40 × 40 3.1–11 1.3–4.0 > 20 < 0.01 Monopole and DGS

Ref. [17] 35 × 35 3.0–12.0 3.0 stable > 15 < 0.07 Monopole and DGS

Ref. [18] 19 × 30 3.1–10.6 1.2–2.91 > 18 < 0.03 Monopole and DGS

Ref. [19] 50 × 85 2–9.5 1.5–4.0 > 20 < 0.03 Partially shared

Ref. [20] 40 × 100 GSM-LTE bands NA > 20 NA Radiator-ground shared

This work 40 × 50 3.0–12.4 2.4–5.8 > 20 < 0.01 Radiator-ground shared

4. CONCLUSION

In this letter, we have designed and investigated a uniplanar UWB-MIMO antenna based on a shared
structure. The shared structure of the radiator and ground plane is introduced to meet the compact
and conformal design requirements of current wireless UWB communication applications. The modified
dual-L-shaped patches are etched on the shared structure for broadening the bandwidth. In order
to further partially improve the bandwidth and decrease the mutual couplings between two elements,
two fork-shaped and bent slots are also etched on the shared structure. The simulated and measured
results show that the designed antenna achieves a good trade-off, and it can satisfy the communication
requirements of the most UWB systems.
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