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Four-Element Dual-Band MIMO Antenna System for Mobile Phones

Lingsheng Yang”, Hongling Xu, Jianping Fang, and Tao Li

Abstract—A dual-band multiple-input-multiple-output (MIMO) antenna system for LTE 700/2300/2500,
UMTS2100, GSM 1800/1900 mobile phone applications is presented. The whole system consists of four
identical 3-D IFAs (inverted F antenna) loaded with lumped inductors and folded on FR4 cuboids.
Without any special designed decoupling structures, the measured isolation among antenna elements is
higher than 13 dB. Return loss characteristics, correlation coefficient, gain and radiation performance
are also presented.

1. INTRODUCTION

With the rapid development of wireless communications systems, the fourth long-term evolution (LTE)
communication system has been widely applied, and MIMO becomes a key technology since it can
increase the channel capacity without extra radiation power and spectrum bandwidth. According
to [1], the channel capacity can increase directly proportional to the number of transmitter and receiver
antennas within a multipath environment. However, for mobile phones, when the number of elements
increases, the valuable size becomes a major limitation. The designed antenna should be small in size
and can cover more operating bands, such as GSM1800,/1900 (1710-1880 MHz/1850-1990 MHz) used for
second generation wireless communication, UMTS2100 (1920-2170 MHz) for third generation and the
new operational bands LTE700/2300/2500 (758-798 MHz/2305-2400 MHz/2500-2690 MHz) for fourth
long-term evolution (LTE) communication system. 3-D IFAs are good candidates and were used in [2-4]
due to their lower Q and wide bandwidth characteristics. Considering the relatively long wavelength
for frequency lower than GHz, lumped inductors were loaded with antenna element to obtain 0.25-
wavelength resonant mode with a smaller size [5, 6].

Besides the need of wide operating bandwidth and small size, for MIMO system design, how to
maintain a high isolation among antenna elements is another big challenge, since in most instances the
space between antenna elements is smaller than a half wavelength. In [2], by carefully designing the
length, width and insert position of a suspended neutralization line, isolation in the LTE13 band and
2.61-2.84 GHz band can be improved. Inverted-L branches and a rectangular slot etched on the ground
plane were used in [7,8], and in order to obtain sufficient decoupling effect, the slots are longer than
40 mm. In [9], T-shaped common radiator acted as the decoupling element to obtain high isolation
(> 17dB) for LTE 13 (746-787) band. In [10], besides T-shaped ground branch, the antenna elements
were arranged orthogonally to achieve high isolation in both lower than GHz and higher than GHz
band.

In this paper, we present a compact four-element MIMO antenna system. By using lumped inductor
loaded 3-D folded IFA as the element, the whole system has two measured —6 dB impedance bands of
70 MHz (740-810 MHz) and 1010 MHz (1.69-2.70 GHz) with a size of 140mm x 70mm X 6 mm. The
proposed four-antenna system does not need any special designed decoupling structures, while higher
than 13 dB isolation in both operating bands can be obtained. In the LTE700 band higher than 20 dB,
measured isolation can be achieved.
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2. MIMO ANTENNA DESIGN

The proposed four-element MIMO antenna system is shown in Fig. 1. Four 3-D IFAs are mounted on
the top layer of a 140mm x 70mm x 1 mm FR4 substrate, with relative permittivity of 4.4 and loss
tangent of 0.02. The bottom layer of the substrate is copper and works as the common ground plane
while the four corners are with 15mm x 19mm cut respectively. Four L-shaped stubs are connected
with the ground plane just under the IFAs. The comparison between the proposed system and recently
published papers for size and bandwidth is listed in Table 1. By comparison, the proposed antenna has
a compact size and acceptable bandwidth performances.

The geometry of the dual-band antenna element is shown in Figs. 2(a) and (b). HFSS (ver.15) was
used to optimize the topology of the antenna. The IFA is loaded with two lumped inductors (red 2.4 nH,
green 9.1nH) and is designed to have an electrical length approximately equal to 0.25-wavelength at
the center of the frequency bands as LTE14 (770 MHz), GSM1900 (1.9 GHz), and LTE2500 (2.58 GHz)
with a compact antenna size 15mm X 15mm x 5mm. In the simulation, we only use a simple inductor
to simulate the real inductors. The inductor is loaded on the strip where the strongest current intensity

ground point

(a) (b)

Figure 1. (a) Geometry of the 4-element MIMO antenna system, (b) bottom layer of the substrate.

Table 1. Comparison between the proposed antenna element and the recently published antennas.

Antennas Size Bands (MHz)
proposed 15x15 x5 740-810, 16902700
2] 15 x 15.2 x 7.2 | 748-785, 2610-2840
[5] 15 x 40 x 4 698-960, 1710-2690
[9] 60 x 15 x 5 746787
[14] 25 x10x 5 700-960

Unit:mm

(b)

Figure 2. Configuration of the tri-band antenna, (a) element#1, (b) unfolded figure of element#1.
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occurs. The final locations are the optimized results of the simulation. The yellow rectangular is the
lumped port used in simulation connecting the radiation element and the ground through the substrate.

The simulated reflection coefficient characteristics of the antenna are plotted in Figs. 3(a) and (b).
The input impedance on the Smith Chart in the second band is shown in Fig. 3(c). In the wide band
(1.5-2.7 GHz), the antenna is well matched, and the VSWR is less than 3. For frequency at around
2.42 GHz, the input impedance is nearly 50 ohm, while for frequency at around 2.36 GHz, the impedance
is not well matched compared with other frequencies.

The design process of the antenna is analyzed. As shown in Fig. 4(a), without strip #a, the
resonance frequency at around 760 MHz disappears. Only with strip #£b, resonance frequency can be
obtained at around 1.1 GHz, and the strip #a can prolong strip #b and shift the 1.1 GHz resonance
frequency to 760 MHz. When strip #-c is added to strip #a, another resonance frequency at 790 MHz can
be fulfilled. The two adjacent resonance frequencies form a wider than 40 MHz bandwidth. Meanwhile,
strip #a, #b and #c can form a second band about 1.51-2.4 GHz. When L-shaped strip is added,
the second bandwidth can be widened to 2.75 GHz, and the reflection coefficients can also be improved
in the first band. The antenna bandwidth with the change of the L-shaped strip is further shown in
Fig. 4(b). For the first band, the influence mainly occurs in the middle of the band, while for the second
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Figure 3. Simulated antenna reflection coefficient characteristics (a) lower band, (b) higher band, (c)
simulated input impedance on Smith Chart in the frequency range of 1.5-2.7 GHz.
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Figure 4. (a) Comparison between the simulated reflection coefficient of the prototype antenna and
three antennas for reference, (b) reflection coefficient characteristics of the antenna with the change of
the length of the L-shaped strip.

band, higher than 2.4 GHz band is mainly affected.

The surface current distributions on the antenna element can further explain the functions of
different parts of the antenna element. In Fig. 5(a), the current flows on strip #a and strip #b,
together with the 2.4nH inductor, and a resonance of 760 MHz can be obtained. On the other hand, in
Fig. 5(b), the current distributes on strip #c, with the 9.1 nH inductor, a resonance of 790 MHz can be
achieved. The two aforementioned current paths together form the first band. As shown in Fig. 5(c),
the current length on strip #ta is around 24 mm, 0.25-wavelength at 1.9 GHz, while the higher than
2 GHz part of the second band is a joint action of all three strips (Fig. 4(a)). Also can be seen in Fig. 5,
currents distribute on the L-shaped strip too, which explains that the L-shaped strip couples with the
antenna and affects the bandwidth performances.

The current distributions on the whole PCB board is plotted in Fig. 5(e), at the lower band
frequency, the surface current is distributed mainly in the vicinity of the antenna element. On the
other hand, at the lower frequency part of the higher band (around 1.7-2.4 GHz), the currents spread
to other elements. When the frequency becomes higher (about 2.4-2.7 GHz), the currents concentrate
on the antenna element again. These current distribution performances coincide with the isolation
performances of the MIMO system.

When the number of elements increases, size becomes a major limitation, and the conventional
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Figure 5. Surface current distributions at (a) 760 MHz and (b) 790 MHz, (c) 1.9 GHz and (d) 2.58 GHz,
(e) surface current distributions on the whole PCB board.

methods such as applying decoupling structures between antenna elements and arranging the antenna
elements at different positions of the mobile handset to improve the isolation become invalid. Since
the antenna element proposed in this paper has a 3D structure and can be rotated freely, we can use
different orientations of the antenna to change the radiation characteristics of the antenna element hence
improve the isolation between antenna elements.

In order to obtain a high isolation among antenna elements, the strongest radiation of the element
should not be oriented to the nearest element or other two elements, or the strongest radiation should
be oriented to the null radiation of another antenna elements. Taking the strip connected to the feed
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Figure 6. Simulated isolation (a) lower band, (b) higher band (to this end see Fig. 1(a)).

point (yellow part in Fig. 2(a)) as the needle, the elements in Fig. 1 can be seen as orthogonal to each
other. The simulated isolation of the MIMO system is shown in Fig. 6, higher than 15dB isolation in
the first band, and no less than 13 dB isolation in the second band can be obtained.

3. RESULTS AND DISCUSSION

3.1. Measured Results

A photograph of the fabricated MIMO antenna system is shown in Fig. 7. The system was measured
by using Agilent 85058E vector network analyzer.

Figure 7. Photograph of the fabricated antenna (top and bottom).

Figure 8 shows the measured and simulated return loss characteristics of element#1. Other
antennas are not shown here for the sake of clarity. The antenna has two simulated bands 750—
799 MHz (49 MHz), and 1.51-2.75 GHz (1240 MHz). On the other hand, the measured 6dB return
loss bands are 740-810 MHz (70 MHz) and 1.69-2.70 GHz (1010 MHz). The differences between the
measured and simulated values are probably caused by the size errors during fabrication and the change
of performances of the lumped inductors in the higher than GHz band.

The measured isolation among antenna elements is shown in Fig. 9. Higher than 13 dB isolation

can be obtained in both the working bands, while higher than 20 dB isolation is achieved at the LTE700
band.
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Figure 8. Reflection coefficients of the MIMO antenna system (a) lower band, (b) higher band.
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The correlation coefficient can be used to evaluate the diversity capability of the MIMO system. By
using the measured S parameters and the method introduced in [11], the correlation coefficient between
the antenna elements can be calculated and is shown in Fig. 10. The maximum value of the correlation
coefficient was smaller than the recommended value (0.5) set for 4G standards [12, 13].
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Figure 11. Gain of the proposed antenna.
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Figure 12. Measured radiation patterns of the proposed antenna: (a) 77 MHz, (b) 1.9 GHz, (c)
2.58 GHz.

The gain versus frequency is plotted in Fig. 11. The gain varies from 0.23-0.64 dBi in the lower
band and 1.19-3.79 dBi in the higher band. The simulated antenna efficiency in the lower and higher
bands are, respectively, about 38-42% and 65-77%.

The measured radiation patterns of antenna element #1 in xz- and yz-planes at 770 MHz, 1.9 GHz
and 2.58 GHz are shown in Fig. 12, and the radiation patterns of element #1 were measured while the
other three antenna elements were terminated with a 50 ohm load.

The 3D radiation patterns of element#1 and #2 are shown in Fig. 13. In consideration of the
orientation and the symmetry among antenna elements, radiation patterns of element#3 and #4 are
not shown here. For all the frequencies, the maximum radiation of element#2 is not directly point
to element#1 (the maximum radiation nearly points to the null radiation of the other element). This
agrees with the aforementioned design principle.
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Figure 13. 3D radiation patterns of the proposed antenna: (a) element#1, (b) element#2.
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4. CONCLUSION

A dual-band four-element MIMO antenna system for mobile phone application is proposed. By loading
the lumped inductor with the antenna elements, the antenna system can cover the GSM1800/1900,
UTMS2100 and LTE700/2300/2500 bands with a total size of 140mm x 70mm x 6 mm. Without
using any specially designed decoupling structures, the measured isolation among antenna elements is
higher than 13 dB. Compact size and acceptable performance make it competitive for nowadays handset
applications.
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