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Abstract: The demands of designing compact multi-band antennas to meet the growing requirements of integrating more
wireless services in the narrow space of the mobile terminals are increased continuously. In order to meet this need, a multiband multiple-input multiple-output (MIMO) antenna is proposed for various mobile terminals is this manuscript. The
configuration of the antenna element of the 2×2 MIMO design consists of a multi-mode loop radiator with a pair of coupled
parasitic structures placed at the upper edge of the smartphone printed circuit board (PCB). The loop antenna is a kind of selfbalance antenna can operate at multi frequency bands. The employed substrate is a low-cost FR-4 laminate with an overall size
of 75×150×1.6 mm3. Simple, compact and flexible structure of the antenna makes it easy to manufacture and installation. For
S11≤−10 dB, the antenna elements of the MIMO design operate at the frequency ranges of 0.87–0.93 GHz, 1.7–1.8 GHz, 2.05–
2.2 GHz, 3.5–6 GHz, and 6.7–7.3 GHz covering DCS, PCS, IMT, UMTS, LTE, and X operation bands. The designed MIMO
antenna provides good efficiencies and sufficient gains in different frequency bands. In addition, the calculated TARC, ECC,
and DG results of design are sufficient over the operation bands. The obtained results indicate that the proposed antenna can
meet the actual demands of future smartphones.
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1. Introduction
MIMO technology is the most promising technology to
reach the required transfer data rates of cellular
communications [1-3]. A MIMO mobile-phone system
needs a number of antenna elements which operate
concurrently to achieve system diversity gain [4-5]. For
smartphone applications, multiband antenna designs
covering various bands of mobile terminals such as
GSM/LTE, WiFi, GPS etc. are highly required [6-7].
However, designing multi-band antennas in the limited
space of the smartphone mainboard is a significant
challenge for antenna engineers. Among various MIMO
antennas, microstrip antennas such as planar inverted-F
antenna (PIFA), loop, slot, monopole and etc. are more
applicable to be used in handheld devices due to their
compact profile, low cost, easy integration, and
manufacturability [8-11].

While PIFA antennas are very popular due to their
features such as multi-band and compact size
characteristics. However, since PIFAs have high ground
plane surface current which makes them sensitive to user
interaction [12-14]. In this paper, we present a multiband
loop antenna covering different frequencies of the
mobile terminals. The proposed antenna in this paper is
more suitable for user interaction. The configuration of
the design is composed of two multi-band antenna
radiators located at top and bottom sides of smartphone
PCB. The antenna element consists of a loop radiator and
a pair of parasitic resonators. A CPW feeding technique
is employed for the antennas [15-16]. It is seen that the
proposed antenna occupies small area and depicts good
radiation characteristics which make it suitable for
wireless devices operating at digital communication
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system (DCS), personal communication system (PCS),
international
mobile
telecommunications
(IMT),
universal mobile telecommunications service (UMTS),
long-term evolution (LTE), wireless local area network
(WLAN), and X-band frequency spectrums. The antenna
operation bands cover the frequency bands of 0.87–0.93
GHz, 1.7–1.8 GHz, 2.05–2.2 GHz, 3.5–6 GHz, and 6.7–
7.3 GHz. The CST and Antenna Magus are used to
investigate the design properties [17-18]. The
characteristics of the design are described below.

2. Design Method of the Multi-Band
Antenna
The configuration and design parameters of the singleelement smartphone antenna are represented in Figure 1. As
can be observed, it contains a loop radiator with a height of 5
mm and a pair of L-shaped and rectangular parasitic structures.
The antenna is implemented in a cheap FR-4 with details of
permittivity=4.4, loss tangent=0.025, and thickness of 1.6 mm.

Figure 1. Transparent view and design details of the antenna.

As can be observed, the antenna provides sufficient
efficiencies over the three operation band. More than 85%
radiation efficiency and 75% total efficiency properties are
achieved for the antenna at different resonance frequencies.
The 3D radiation patterns for the design at different
frequencies are displayed in Figure 5.

Figure 2. Return loss (S11) characteristic of the designed antenna.

The antenna S11 result is plotted in Figure 2. As seen, the
antenna operation bands cover the frequency bands of 0.87–
0.93 GHz, 1.7–1.8 GHz, 2.05–2.2 GHz, 3.5–6 GHz, and
6.7–7.3 GHz. In order to justify the multi-band
characteristic of the design, the simulated current densities
of the loop antenna at different operation frequencies are
illustrated in Figure 3. It should be noted that the maximum
scaling for all figures is the same. It can be observed that
the Four of the antenna resonances (including 0.9, 1.9, 2.1,
and 4.5 GHz) are mainly due to the loop resonator itself and
the other two modes are from the employed parasitic
structures [19-20].
The radiation efficiency and total efficiency characteristics
of the proposed antenna design are represented in Figure 4.

Figure 3. Current distributions at (a) 0.9 GHz, (b) 1.9 GHz, (c) 2.1 GHz, (d)
4.5 GHz, (e) 5.5 GHz, and (f) 7 GHz.

International Journal of Electrical and Electronic Science 2020, pp. 1-6

3

It can be observed that the smartphone antenna design can
offer sufficient gain vale for each radiator. As illustrated, the
gain levels of the design vary from 2.5 to more than 5.5 dBi.
In addition, the antenna provides sufficient radiation
coverage at top and bottom sides of the smartphone
mainboard [21-24].

Figure 4. Radiation and total efficiencies of the design.

Figure 6. SAR study of the designed antenna at (a) 0.9 GHz, (b) 1.9 GHz, (c)
2.1 GHz, (d) 3.6 GHz, (e) 4 GHz, and (f) 5.5 GHz.

The Specific absorption rate (SAR) function of the multiband loop antenna element with user-head at different
operation frequencies is investigated and the obtained results
are illustrated in Figure 6. As can be observed, the proposed
smartphone antenna design exhibits sufficient SAR values at
different operation frequency bands [25-26]. The maximum
SAR value of the designed antenna is for upper frequencies
including 3.6 and 5.5 GHz.

3. Results and Discussion of 2×2
MIMO Design
Figure 5. Radiation patterns at (a) 0.9 GHz, (b) 1.9 GHz, (c) 2.1 GHz, (d)
3.6 GHz, (e) 4 GHz, and (f) 4.5 GHz, (h) 5.5 GHz, and (h) 7 GHz.

The configuration of the designed MIMO smartphone
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antenna is illustrated in Figure 7. As shown, it is composed of
two-loop radiators that have been deployed at top and bottom
sides of the mainboard. Figure 8 shows the S parameters
(including S11 and S21) of the designed smartphone antenna.
As illustrated, the antenna exhibits good S parameters at
operation bands covering the same spectrums of the singleelement antenna design described in Section II. In addition,
the proposed MIMO design provides sufficient mutual
coupling between tow antenna elements, especially at the
upper-frequency bands.

(a)

(b)
Figure 7. (a) Side and (b) top views of 2×2 MIMO smartphone design.

Figure 8. S-parameters of the 2×2 MIMO smartphone design.

The radiation patterns of the MIMO design for both
antenna elements at different frequencies are illustrated in
Figure 9. As shown, the MIMO antenna design can provide
good radiation patterns with sufficient gain vales for each
radiator. It is seen that 2.7 -5.7 dBi gain characteristic is
obtained for the antenna elements.
Figure 9. Radiation patterns of the MIMO design at (a) 0.9 GHz, (b) 1.9
GHz, (c) 2.1 GHz, (d) 4.6 GHz, (e) 5.5 GHz, and (f) 7 GHz.
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Total active reflection coefficient (TARC) and envelope
correlation coefficient (ECC) characteristics are two important
parameters to be considered in MIMO antennas [27-28]. The
ECC and TARC of two elements can be calculated from the Sparameters using the formula described as:
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In general, the human-hand has a negative impact on the
characteristics of the antenna design [29-30]. The efficiency
characteristics of the antenna for two user-hand scenarios for
top and back layers of the smartphone mainboard are studied,
as seen in Figure 13. As can be observed from the results in
Figure 14, the MIMO design and its radiation elements
provide sufficient efficiencies (25%-65%).

(2)
As evident from figures 10 and 11, the calculated ECC
results are very low entire the operation bands (less than
0.02). It can be also observed that the TARC value of the
design is less than -10 dB. Another important parameter for
MIMO performance of the MIMO antenna is diversity gain
(DG) which can be calculated using the following relation:
10

1

(3)

The diversity gain function of the designed antenna over
its operation band is illustrated in Figure 12. As can be
clearly seen, more than 9.85 dB over the operating frequency
bands is obtained for the MIMO design.

Figure 13. Antenna placements in data mode, (a) top and (b) bottom Layers.

(a)
Figure 10. ECC function of the MIMO design.

(b)

Figure 11. TARC characteristic of the MIMO design.

Figure 14. Efficiency results of the MIMO design for (a) top-layer and (b)
bottom-layer scenarios in data mode.

4. Conclusion

Figure 12. DG result of the MIMO design.

In this paper, a double smartphone antenna design is
introduced for various mobile communications. Its
configuration structure is composed of two-loop radiators
with pairs of parasitic structures. The antenna operates at
different frequency bands including 0.87–0.93 GHz, 1.7–1.8
GHz, 2.05–2.2 GHz, 3.5–6 GHz, and 6.7–7.3 GHz.
Fundamental radiation characteristics and
MIMO
performance of the antenna are discussed. The proposed
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MIMO antenna design offers sufficient characterizes and can
be used in handheld devices.
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