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Abstract – A new design of dual-band antenna array with
3D-coverage beam steering characteristic for millimeter-
wave (MM-Wave) communications is proposed in this
manuscript. The antenna covers frequency bands of 18
GHz and 28 GHz. Its configuration contains three subar-
rays of patch radiators along the edge area of the smart
phone printed circuit board (PCB). Each sub-array con-
tains eight elements of dual-band patch antennas with
C-shaped slots. The resonant frequencies of the single
element radiator can be adjusted by tuning the sizes of
the embedded C-shaped slot and the main patch radi-
ator. The beam-steerable antenna is designed on an
N9000 PTFE dielectric. In order to achieve high gain
beams and also for covering wider beam-steering area,
each sub-array is deployed in different top-sides of the
PCB with a dimension of 55×110 mm2. Using three
uniform linear eight element sub-arrays, hemispheri-
cal beam pattern coverages can be achieved. The pro-
posed antenna provides good performances in terms of
gain, radiation and total efficiencies, and beam steer-
ing properties which make it suitable for use in the fifth
generation (5G) mobile-phone platforms.

Index Terms – 5G networks, dual-band patch antenna,
hemispherical beam coverage, mobile terminals.

I. INTRODUCTION
In line with the abbreviations of the past and cur-

rent mobile communication standards (for instance 1G,
2G, 3G, and 4G), the term 5G, used here denotes the
next generation mobile communication systems [1]. One
key feature of 5G communications systems is using
the millimeter-wave (MM-Wave) spectrum along with
beam-steerable array antennas at the user equipment and
also the base stations [2, 3]. The use of MM-Wave spec-

trum leads to new challenges in the 5G antenna designs
for wireless communication systems [4]. To our knowl-
edge, little is known on the design of arrays for 5G
mobile terminals [5, 6]. We represent below how to
employ MM-Wave for 5G cellular communication sys-
tems using microstrip antenna arrays.

In this study, a dual-band array antenna design with
beam-steerable property in a standard PCB technology
for MM-Wave mobile communications is proposed. The
proposed antenna design contains three dual-band sub-
arrays located along the edge region of the handset PCB.
The array elements are divided into three sub-arrays,
and each sub-array is employed in different sides of
PCB edge region. S-parameters, realized gain, radiation
beams, directivity and beam steering properties of the 5G
antenna are studied. The antenna operates at the frequen-
cies of 18 GHz and 28 GHz which are suitable for the
5G mobile communications. This manuscript has been
organized as follows: The schematic of the single patch
antenna element and its radiation performances along
with the measured and simulated S11 characteristics are
presented in Section II. The performance of the proposed
dual-band 5G antenna with hemispherical beam pattern
coverage is described in Section III. The last Section is
the conclusion.

II. DUAL-BAND PATCH ANTENNA
Printed patch antennas with different feeding types

are increasing popularity for use in narrow and band
microwave wireless links. They are also often employed
in MM-Wave communications as well. A simple
microstrip patch antenna configuration is basically com-
posed of a printed conductor on top layer of dielectric
with a full metal plane on the back side. The fundamen-
tal radiation mechanism from the patch antenna is the
same as the small electric dipole [7]. The energization
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of the patch will establish a charge pushing the charges
from the bottom to the top region of the radiator. Due
to this charge-movement, the currents can flow on the
upper and lower surfaces of the patch as well as on the
surface of the ground plane [8]. In this paper, the 50 Ohm
coaxial feeding type has been employed for the antenna
elements where the inner-conductor of the coaxial cable
is contacting the radiation patch and the outer-conductor
is connected to the ground plan. In order to achieve good
matching as well as lowest input impedance, we have
used a 50 Ohm probe feeding with diameters of 0.5 and
1.72 for inner and outer conductors, respectively. The
proposed dual-band patch antenna is designed on N9000
PTFE substrate with thickness, loss tangent, and dielec-
tric constant of 0.787 mm, 0.0018, and 2.2, respectively.
The configuration of the antenna is shown in Figure 1.
The parameter values of the proposed antenna layout are
specified in Table 1.

The essential parameters for designing a probe-fed
printed patch antenna are: operation frequency (f0),
thickness, and dielectric constant of the employed sub-
strate [9]. The selected resonant frequency for the
proposed antenna design is 18 GHz (lower resonance
frequency). Hence, the essential parameters of the dual-
band patch antenna design are: f0 = 18 GHz, εr = 2.2
and h = 0.787 mm. The width of the patch can be
given by:

Wsub =
C

2 f0

√
(εr+1)

2

, (1)

where C, εr, and f0 are the speed of light, the
dielectric constant (permittivity) of the substrate,
and the desired resonant frequency, respectively.
For a rectangular microstrip antenna, the value of
the effective permittivity (εre f f ) can be calculated
using:

εreff =
(εr +1)

2
+

(εr−1)
2

[
1+12

hsub

Wsub

]− 1
2
. (2)

The overall size of the radiation patch along its
length is extended on each end by a distance ∆L, which

Fig. 1. Transparent schematic of the antenna.

Table 1: Parameter values of the antenna
Parameter Wsub Lsub hsub WP LP
Value (mm) 55 110 0.787 4.32 2.5
Parameter WP1 LP1 W L W1
Value (mm) 4.32 2.5 4 1.5 3
Parameter L1 W2 W3 L3 d
Value (mm) 2.25 4 3 2 0.8
Parameter dr d1 dr1 d2 dS
Value (mm) 1.72 4 0.5 1.7 4

can be given by:

∆L = 0.421hsub

(εeff + 0.3)
(

Wsub
hsub

+ 0.264
)

(εeff − 0.258)
(

Wsub
hsub

+ 0.8
) , (3)

where hsub is the substrate height and Wsub is the sub-
strate width. For the resonant, the effective length is:

Leff =
C

2 f
√

εreff
, (4)

Then, the length of the patch resonator can be calculated
as follows:

Leff =
C

2 f
√

εreff
. (5)

The final step of the dual-band patch antenna design is
choosing the length of the second resonator element. By
cutting a C-shaped slot at the antenna radiating patch,
the second resonance at the higher frequencies (28 GHz)
is generated. In the proposed design, the optimized
length Lresonance is set to resonate at 0.25λresonance, where
Lresonance = L1+W1−0.5(L1−L). λresonance corresponds
to the second resonance frequency (28 GHz). The S11
result of the proposed antenna simulated using CST soft-
ware [10] is illustrated in Figure 2(a), (b). As illustrated,
using the proposed design, a good dual-band function
with improved bandwidth has been achieved.

The simulated S11 curves of the proposed dual-band
patch antenna for different values of radiation patch
length (WP) are plotted in Figure 3 (a). As seen, when
the length of the radiation patch (main radiator) increases

Fig. 2. Simulated S11 of the dual-band patch antenna.
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Fig. 3. Simulated S11 for values of (a) WP and (b) W1.

from 3.5 to 4.5 mm, the center of the first resonance
decreases from 21 to 16 GHz. Based on this result we
can conclude that the first resonance can be adjusted by
changing the length of the main radiator (patch). Another
important parameter of the proposed dual-band design
is the C-shaped slot. The main effect of this structure
occurs on the second resonance. In the proposed struc-
ture, the length of W1 is the critical parameter to control
the upper operation band. Figure 3 (b) shows the simu-
lated S11 results of the dual-band antenna with different
lengths of W1. As the width of the C-shaped slot changes
from 1.5 to 2.5 mm, the operation frequency of the sec-
ond resonance is varied from 25 to 32 GHz. Therefore,
the operation frequency of second-resonance is tunable
by changing the size of the embedded C-shaped slot.

In order to realize the phenomenon for the dual-band
performance of the antenna, the current distributions of
the dual-band antenna at 18 and 28 GHz are depicted
in Figure 4. As seen, at the first frequency (18 GHz),
the current is concentrated on the edge regions of the
rectangular radiating patch. Therefore, due to the res-
onant characteristics of the rectangular patch length, the
impedance of the antenna can be tuned at this frequency
[10]. As illustrated in Figure 4 (b), at the upper res-
onance frequency (28 GHz), the currents flow mainly
around the modified C-shaped slot structure and justify
the impact of the embedded slot on the generation of the

Fig. 4. Current densities at (a) 18 GHz and (b) 28 GHz.

Fig. 5. 3D radiations at (a) 18 GHz and (b) 28 GHz.

second resonance. The simulated radiation patterns at 18
and 28 GHz are represented in Figure 5. As can be seen,
the antenna provides a good radiation behavior in both
of the operation frequencies. In addition, sufficient real-
ized gains (more than 6 dB) are obtained for the designed
dual-band antenna at the operation bands. The antenna
element is fabricated and its return loss characteristics
are measured. Figure 6 (a) illustrates the fabricated pro-
totype. The measured and simulated S11 characteristic
of the antenna are illustrated in Figure 6 (b). As seen,
the antenna provides a dual-band performance around 18
and 28 GHz.

Figure 7 (a), (b) depicts polar views of the antenna
radiation patterns including both, the co-polarized and
cross-polarized, x-z plane (E-plane) and y-z plane (H-
plane), respectively. As illustrated, the antenna has good
radiation performance with stable co-polarization and
low-level cross polarization. Furthermore, as can be
seen, the effect of the probe feeding on the field pat-
tern shapes at different operation frequencies is insignif-
icant.

The dual-band patch antenna maximum gain, and
its efficiencies (radiation and total) over the operation
frequency range are shown in Figure 8. In theory, the
antenna efficiencies are related according to:

e = erecd , (6)
and the gain of the radiator can be calculated using the
total efficiency and the directivity as follows:

G0(dB) = 10log(e0D0), (7)
where e0 is the total efficiency of the antenna, er is the
reflection efficiency = (1−|Γ|2), ecd is the radiation effi-
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Fig. 6. (a) Top view of the fabricated antenna elements 
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Fig. 6. (a) Top view of the fabricated antenna elements
and (b) measured/simulated S11 of the single antenna.

Fig. 7. Simulated 2D radiation patterns of the dual-band
antenna, (a) co-polarization, (b) cross-polarization.

ciency, and D0 is the antenna directivity [11]. As can be
seen from Figure 8, the antenna has desirable radiation
properties with more than 6 and 7 dBi maximum gains
at lower and upper operation frequencies, respectively.
Furthermore, the antenna has a high-efficiency function
at the frequencies of the antenna operation bands.

III. PROPERTIES OF THE 5G MOBILE
PHONE PHASED ARRAY ANTENNA
The schematic of the presented 5G array antenna is

illustrated in Figure 9. The design is composed of three

Fig. 8. Simulated efficiencies and maximum gains of the
antenna at, (a) lower and (b) upper operation bands.

dual-band patch antenna sub-arrays deployed at differ-
ent edge regions of smartphone PCB. Eight elements of
dual-band microstrip patch antennas are used for each
sub-array. For the proposed design λ is the guided wave-
length at the middle frequency (23 GHz). As can be
observed in Figure 9 (a), the compact antenna package
(Fig. 9 (b)) is deployed at the edge side of the PCB. The
proposed mobile-phone 5G antenna has a full ground
plane. The antenna design has an overall dimension of
Wsub×Lsub=55×110 mm2.

The simulated S-parameter of a single sub-array
is illustrated in Figure 10 (a). As shown, the pro-
posed phased array dual-band antenna provides good S-
parameters with low mutual-couplings between antenna
elements.

Figure 10 (b) illustrates couplings among the
antenna elements. The maximum mutual couplings
between radiation elements of the design are occurred
among “Antenna A1-Antenna A2,” “Antenna A1-
Antenna B1,” and “Antenna A1-Antenna C1.” As
illustrated, all of the mutual couplings are less than –25
dB, –13 dB, and –24 dB, respectively. It can be seen

Fig. 9. (a) Side view of the proposed mobile phone
antenna, (b) antenna package configuration, (c) top and
(d) bottom layers of each sub-array.
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Fig. 10. Simulated (a) S-parameters and (b) mutual-
couplings of a sub-array.

that the coupling between sub-array A elements and
sub-array B elements are higher than the other couplings
which occurred mainly because of the distance between
two sub-array elements. As seen, the proposed antenna
has good S-parameters and also it is not sensitive to the
mutual coupling of the radiation elements.

Based on re-simulated results of the proposed
design, it should be noted that the mutual coupling on an
element within a sub-array when it is scanned and also
the coupling between sub-arrays when one sub-array is
scanned while monitoring coupling on an adjacent sub-
array element have been investigated. According to the
results, the antenna provides sufficient and low coupling
between the elements and adjacent sub-arrays and its
effects in the final conformal array is not significant to
lead to a potential multi-path problem [12].

Figure 11 shows the simulated directivity character-
istics of the dual-band design for sub-arrays at the main
scanning angle (0o). As illustrated, the antenna provides
a good directivity property for all of the sub-arrays at
0◦. The antenna directivities for different sub-arrays are
greater than 13.5 and 15.5 dBi at 18 and 28 GHz, respec-
tively. The efficiencies (radiation and total) of the mobile
phone antenna are illustrated in Figure 12. As shown,
the antenna efficiencies are greater than –0.3 and –0.7
dB for radiation efficiency and total efficiency, respec-
tively. From these results, it can be seen that the antenna
provides good efficiencies at 18 and 28 GHz.

Fig. 11. Directivities of the antenna at 0◦ for (a) 18 GHz,
and (b) 28 GHz of operation bands.

The 3D radiation beams of the proposed dual-band
antenna array at 18 and 28 GHz for each sub-array are
depicted in Figure 13 (a), (b), respectively. As seen, the
proposed 3D beam coverage antenna package with the
compact dual-band sub-arrays is highly effective to pro-
vide the required beam coverage for 5G handsets.

Figure 14 shows the 3D radiation beams of the dual-
band antenna array at 18 and 28 GHz, respectively. As
can be seen, the proposed dual-band antenna array pro-
vides a wide-scan beam steering function with the high
gains for the scanning angles of 0, 30, and 60 degree.
In the range of 0 to 30 degrees, the gain values are

Fig. 12. Simulated efficiencies of the different sub-arrays
at 0◦ scanning angle.
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Fig. 13. Radiation beams of each dual-band sub-arrays
for different angles, (a) 18 GHz and (b) 28 GHz.

almost stable with the values of 13 dB at 18 GHz and
15 dB at 28 GHz. As shown, the sub-arrays possess rel-
atively low side-lobe levels at the lower frequency (18
GHz). As illustrated, the side-lobe levels in the scan-
ning range of 0◦ to 60◦ is less than 0 dB. However, as
illustrated in Figure 14 at 28 GHz, the sub-arrays beams
provided relatively high side lobes at the scanning degree
<400 which is mainly because of the distance of the ele-
ments.

In general, the radiation-element distance should be
chosen as λ /2 of the operation frequency [13, 14]. How-
ever, as the antenna provides dual-band function, it is
difficult to achieve wide-scanning property at both oper-
ation frequencies. Therefore, high side-lobe levels will
be appeared, especially at higher scanning angles of the
lower frequency band.

Fig. 14. Simulated realized gains for, (a) sub-array A at
18, (b) sub-array B at 18, (c) sub-array C at 18, (d) sub-
array A at 28, (e) sub-array B at 28, and (f) sub-array C
at 28 GHz.

IV. CONCLUSION
The design and characteristics of a dual-band

microstrip antenna array for 5G cellular communication
systems is introduced in this paper. Three uniform lin-
ear eight-element dual-band patch antenna sub-arrays are
used to achieve hemispherical radiation beams with 3D
beam-coverage. The simulated result analysis of the pro-
posed 5G antenna gives good fundamental properties in
terms of impedance bandwidth, antenna gain/directivity,
radiation pattern, and steering of the radiation beams.
The obtained results show that the presented dual-
band 5G antenna array could be used in the future
5G cellular communication systems. The proposed
mobile phone phased array antenna is strongly effec-
tive to cover the required beam-coverage for 5G smart
phones.
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