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Abstract—In this paper, an eight-port antenna array operating in the 2.6 GHz band (2550–2650 MHz)
for a multi-input multi-output (MIMO) mobile terminal is presented. The conﬁguration of the design
is composed of four pairs of low-proﬁle dual-polarized slot antennas that are symmetrically placed at
the corners of a mobile-phone mainboard. Each antenna pair consists of miniaturized petal-shaped
slot resonators fed by two independent microstrip-feeding lines, thus facilitating radiation pattern and
polarization diversity: when acting together, they facilitate multi-channel MIMO operation. The design
oﬀers good isolation, dualpolarization and full radiation coverage in a smartphone sized package. A lowcost FR-4 dielectric (ε = 4.4, δ = 0.02, and h = 0.8 mm) with a dimension of 75 × 150 mm2 is used as
the PCB substrate. The characteristics of the smartphone antenna are examined using both simulations
and measurements.

1. INTRODUCTION
MIMO systems with multiple-antenna units at both transmitter and receiver sides can take advantage
of multipath components suﬃciently to enhance the performance of wireless systems [1]. As MIMO
technology can signiﬁcantly enhance the capacity of the system and resist multipath fading, it has
become a hot spot in the ﬁeld of wireless communication [2, 3]. MIMO technology requires that all
antenna radiators work simultaneously. It has been employed in current handheld mobile devices and
become a promising technology to be used in future user equipment [4, 5].
The standard MIMO technology employs two or four elements. However, in order to achieve a
better MIMO performance, higher data rate, and more stable signal quality, a high number of antenna
radiators are required to be implemented in ﬁfth-generation (5G) equipment [6]. Due to the available RF
circuit and test system of 2.6 GHz communication, long-term evolution (LTE) technology is becoming
the default for future cellular communications, and it has drawn many interests recently [7, 8]. To
realize MIMO operation for smartphones, multi-antenna design can be used for having polarization and
pattern diversity for reliable communication with suﬃcient mutual coupling [9, 10]. In this study, an
eight-element MIMO array is proposed for possible 5G smartphones.
Low proﬁle and wideband MIMO antennas with suﬃcient isolation are suitable to be used in mobile
applications [11, 12]. Among various MIMO antennas, printed antennas such as monopole, slot, and
planar inverted F-Antenna (PIFA) antennas are more suitable due to their compact proﬁle, low cost,
easy integration, and manufacturability [13–15]. Recently, several MIMO antenna designs have been
reported for smartphones at sub 6 GHz operation band [16–19]. However, these smartphone antennas
either use single-fed/single-polarized radiators or employ uniplanar structures occupying large spaces of
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PCB leading to increasing the system complexity. We introduce here a design of four-element/Eightport MIMO smartphone antenna with low-proﬁle antenna elements providing polarization and pattern
diversity function. The designed antenna operates at 2.6 GHz, a frequency band of cellular networks.
The conﬁguration of the designed antenna array comprises four pairs of dual-polarized petal-shaped
slot antenna radiators placed at diﬀerent corners of the mainboard. In order to reduce the size of
radiation elements, petal-ring slot antenna elements have been employed in the conﬁguration of the
presented MIMO antenna design. By exciting the antenna elements from two microstrip feed lines,
two orthogonally polarized waves are generated. The proposed MIMO antenna is designed on an FR4 dielectric with properties of ε = 4.4, δ = 0.02, and h = 0.8 mm. The design not only generates
dual-polarizations but also provides the required full radiation coverage. A prototype of the proposed
design is fabricated, and its S-parameters are measured. The CST Microwave Studio software is used
to investigate the characteristics and performance of the MIMO design [20].
2. PERFORMANCE OF THE DOUBLE-PORT PETAL-SHAPED SLOT ANTENNA
Figure 1(a) depicts the schematic of the designed antenna. As shown, the design is composed of a
petal-ring slot radiator diﬀerently fed by a pair of 50-Ohm rectangular microstrip-lines. It is designed
on a 0.8 mm FR4 dielectric and operates at 2.6 GHz. The parameter values of the designs are speciﬁed
in Table 1.
Figure 1(b) illustrates the S-parameter results of the dual-port designed petal-ring slot antenna. As
shown, the antenna element exhibits good reﬂection coeﬃcient (S11 /S22 ) in the frequency band of 2.5–
2.7 GHz. In addition, the antenna oﬀers a suﬃcient transmission coeﬃcient (S21 /S12 ) function, better
than −10 dB, without additional decoupling structure. Figure 2 illustrates the antenna S11 characteristic
of varying design parameters of the petal-ring slot resonator including L (size of the slot-ring), L2 (width

(a)

(b)

Figure 1. (a) Proposed antenna conﬁguration and (b) its simulated S-parameters.
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Table 1. The optimized values of the design parameters.
Parameter
Value (mm)
Parameter
Value (mm)

(a)

(c)

Wsub
22
W1
2.25

Lsub
22
L
11.5

hsub = hx
0.8
L1
9.9

Wf
1.5
L2
2.25

Lf
6.25
WX
150

W
11.5
LX
75

(b)

(d)

Figure 2. S11 results for the diﬀerent values of (a) L, (b) L2 , (c) x, and (d) hx .
of the petal arm), (c)x (width of the ring), and (d) hx (thickness of the substrate). As can be observed,
the antenna frequency response is very ﬂexible to be tuned to lower or upper frequencies [21, 22]. Its
impedance matching can also be aﬀected by changing the parameter values.
Apart from the petal-ring slot, the dimension of the feed-lines in the top layer could also aﬀect the
operation frequency and impedance bandwidth of the antenna. Figures 3(a) and (b) plot the S11 results
of the antenna for diﬀerent sizes of Wf (width of feed-line) and Lf (length of the feed-line). As can
be observed, changing the width and length of the microstrip feed-line not only aﬀects the impedance
matching of the antenna but also can tune the operation frequency of the design [23, 24].
Figure 4 depicts the current densities in the back and top surface layers of the petal-shaped slot
antenna at the resonance frequency of 2.6 GHz for diﬀerent feeding ports. It can be observed that the
maximum current distributions are more concentrated around the petal-ring slot radiators. In other
words, the employed slot ring appears very active with high current densities. In addition, due to the
dual-polarization function of the design, for diﬀerent feeding ports, the currents ﬂow in the opposite
directions [25]. Furthermore, as shown, in the top layer, the current ﬂows are mainly distributed around
the employed rectangular feed-lines.
3D radiation patterns at 2.6 GHz for diﬀerent polarizations are illustrated in Figure 5. It can be
seen that the antenna provides good dual-polarization characteristics with a 90◦ diﬀerence and similar
radiation pattern performances with 3.15 dB IEEE gain. A prototype sample of the design is fabricated,
as illustrated in Figure 6.
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(a)

(b)

Figure 3. S11 results for the diﬀerent values of (a) Wf and (b) Lf .

(a)

(b)

Figure 4. Variation of surface currents in the top and bottom layers at 2.6 GHz from feeding port (a)
1 and (b) 2.
Figure 7 shows the measured and simulated S-parameters (S11 & S21 ) of the design. It is found that
the prototype works properly, and a good agreement with the simulation is observed for the presented
antenna. As shown, an impedance bandwidth (S11 ≤ −10 dB) of 2.55–2.66 GHz is achieved, although for
S11 ≤ −6 dB, the antenna impedance bandwidth is more. In addition, as shown, the mutual-coupling
function (S21 /S12 ) of the design is less than −10 dB which makes it suitable for dual-polarization
applications.
3. CHARACTERISTICS OF THE 8 × 8 MIMO SMARTPHONE ANTENNA
Figure 8 illustrates the conﬁguration of the designed MIMO smartphone antenna. As shown, it comprises
four pairs of dual-polarized loop radiators placed at diﬀerent corners of the mainboard. It is designed
on FR-4 material with a thickness of hx = 0.8 mm. As can be observed, the 50-Ohm microstrip feeding
technique feeds the antenna elements. The proposed MIMO antenna array is implemented on a low-cost
FR4 with dimension of 75 × 150 mm2 and a standard size of the smartphone mainboard.
Figure 9 depicts the S parameters of the designed smartphone antenna. As shown, the antenna
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(b)

Figure 5. Transparent radiation patterns at 2.6 GHz from feeding port (a) 1 and (b) 2.

Figure 6. Fabricated dual-polarized petal-shaped antenna.

Figure 7. Measured and simulated results of the antenna S-parameters.
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(a)

(b)

Figure 8. (a) Side and (b) top views of the design.

(a)

(b)

Figure 9. Simulated (a) Snn and (b) Snm results.
exhibits good S parameters with more than 100 MHz bandwidth and suﬃcient isolations (better than
−10 dB). Employing the petal-ring slots not only improves the impedance-matching and bandwidth of
the radiators but also improves the radiation coverage of the main design to cover diﬀerent regions of the
main board [26]. Figure 10 depicts the 3D radiation patterns for the adjacent antenna elements (Ant. 1
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(b)

Figure 10. Radiation patterns from (a) port 1 and (b) port at 2.6 GHz.

Figure 11. Simulated radiation patterns with directivity value at 2.6 GHz.
and Ant. 2). As shown, each petal-shaped slot-ring radiation element provides symmetric radiations
covering the sides of the mainboard and improving the radiation coverage of the MIMO smartphone
array.
The radiation patterns of the smartphone antenna array at 2.6 GHz are displayed in Figure 11.
As can be observed, the 8-element MIMO antenna provides diﬀerently polarized radiation patterns for
each region of pattern coverage. In other words, the proposed antenna not only can cover the required
radiation pattern coverage but also provides diﬀerent polarizations (horizontal/vertical) for each region
of the PCB [27, 28]. Furthermore, the antenna elements provide suﬃcient gain levels at the resonance
frequency (2.6 GHz).
The MIMO design has been fabricated, and its characteristics are examined. The front view of
the prototype sample is depicted in Figure 12. Due to a similar performance of the antenna pairs,
S-parameter results and 2D-polar patterns of the adjacent antenna elements (Ant. 1 and Ant. 2) are
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measured and compared with simulations. It is evident from Figure 13 that the fabricated prototype
provides good S-parameter around 2.6 GHz with suﬃcient frequency bandwidth and acceptable
agreements with simulated design. In addition, it is seen from Figure 14 that the design exhibits good

Figure 12. Fabricated smartphone antenna PCB.

(a)

(b)

Figure 13. Measured and simulated (a) Snn and (b) Snm of the fabricated MIMO design.

(a)

(b)

Figure 14. Measured and simulated radiation patterns for (a) ﬁrst and (b) second elements.
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radiation patterns with quasi-omnidirectional radiation mode supporting the top and bottom sides of
the substrate. Moreover, suﬃcient IEEE gain levels have been achieved for the antenna elements at the
resonance frequency of 2.6 GHz. A slight variation in the measured S-parameters is conﬁrmed which
can be due to possible errors in fabrication and feeding.
In order to validate the capability of a MIMO antenna design, ECC and TARC properties are
investigated [29, 30]. The ECC and TARC characteristics of MIMO antenna can be calculated using
the formula below
2
∗ S
∗
|Smm
mn + Snm Snn |

∗
ECC = 
1 − |Smm |2 − |Smn |2 1 − |Snm |2 − |Snn |2

(Smm + Smn )2 + (Snm + Snn )2
T ARC = −
2

(1)

(2)

As plotted in Figure 15(a), the calculated ECC characteristics of the MIMO design are less than
0.005. Moreover, as shown in Figure 15(b), the TARC result is less than −16 dB over the entire operation
band of the antenna and less than 25 dB at 2.6 GHz (the resonance frequency).

(a)

(b)

Figure 15. Measured and simulated (a) ECC and (b) TARC results.
In order to ease manufacturing and measurement, the antenna elements are fed and excited by
coaxial SMA connectors from diﬀerent edges of the smartphone mainboard. However, due to the
symmetrical conﬁguration and corner placement of the dual-polarized elements, it is possible to feed
the antenna from inside the smartphone mainboard. Figure 16(a) illustrates a new arrangement of
the proposed smartphone array where the main radiators are fed from inside of the PCB using the
microstrip-line discrete-feeding technique. As can be seen from Figure 16(b), the smartphone antenna
array provides suﬃcient Snn results similar to the proposed array with SMA connectors with better
isolation.

(a)
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(b)

Figure 16. (a) Conﬁguration and (b) Snn results of the design with a diﬀerent feeding arrangement.

4. CONCLUSIONS
A new design of a smartphone antenna with eight radiators is introduced for 2.6 GHz mobile terminal.
The conﬁguration of the design consists of four petal-ring slot antennas placed at the corners of
the smartphone board. Each petal-ring resonator is fed a pair of microstrip feeding lines and
generates dual-polarized function. The MIMO system provides good radiation patterns coverage with
polarization diversity function at diﬀerent sides of the mainboard. Fundamental characteristics and
MIMO performance of the presented design are investigated, and good results are obtained. It oﬀers
good characteristics in terms of bandwidth, isolation, and radiation pattern. A prototype sample of the
design has been fabricated and examined. The proposed MIMO antenna oﬀers good features in terms
of S-parameter, antenna gain, and eﬃciency. It also has a planar structure and is suitable for future
smartphones.
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