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ABSTRACT A dual-band wideband composite patch antenna constructed from a modified circular primary
patch and secondary parasitic patch element is presented in this work. A microstrip feed line is employed
to inset-feed the primary patch. The secondary patch is fed indirectly through edge coupling with the main
patch. The composite antenna is printed on Rogers Ro3003™ with ¢, = 3 and thickness 0.25 mm. The
antenna design stages are presented in detail. A MIMO antenna system is constructed from two elements
of the proposed composite patch with two different configurations. A prototype is fabricated for the single
element and the two-port MIMO antenna configurations. Numerical and experimental results are presented
showing good performance regarding impedance matching at the operating bands 28 and 38 GHz, bandwidth,
radiation patterns, and gain. The impedance matching bandwidths are 1.23 GHz at 28 GHz and about
1.06 GHz at 38 GHz. The minimum value of the reflection coefficient for 28 GHz 28 GHz band is
—34.5 and is —27.3 dB for 38 GHz. The gain of the radiation pattern has a peak of 6.6 dBi at 28 GHz
and 5.86 dBi at 38 GHz. For both bands, the radiation patterns are balloon-like omnidirectional. The antenna
total dimensions are 7.5 x 8.8 x 0.25 excluding the transmission line. The MIMO system with two-ports
for both proposed configurations has appropriate values for ECC and the DG which are calculated through

electromagnetic simulations.

INDEX TERMS Fifth generation, MIMO, printed patch.

I. INTRODUCTION

During the last decade, progress in wireless mobile communi-
cations with higher bandwidths and data rates is reported. The
hunger for endless users joining the network with high rates of
information being sent and received has been the driving force
behind the boom of the auspicious Fifth-Generation (5G)
technology. The data rates have massively exploded to reach
100 times nowadays and as expected, 1000 times by 2030 [1].
The 30-300 GHz Millimeter-wave spectrum is anticipated
to be dominant because of its high rate of data transmis-
sion to fulfill the needs of the proliferation of 5G applica-
tions [2]-[5]. The frequency bands of interest for the fifth
generation are 28 GHz, 38 GHz, 60 GHz, and 73 GHz [6].The
Federal Communications Commission (FCC) has allocated
unlicensed bands in the range 59-64 GHz for high speed
communications and short range communication [7]. The
International Telecommunications Union (ITU) has allocated
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certain bands for mobile communication in the fifth genera-
tion at 28, 38, 60, and 73 GHz [8].

Antenna design in the mm-wave range poses a set of chal-
lenges to the antenna community. Bandwidth augmentation
and size reduction are dominant design attentions for the
applied utilization of printed antennas. For new RF designs
the antenna elements should have low profile, dual or multiple
bands of operations, low cost, modest planar design, and
squeezed size [9]. Mobile phones are restricted by a very
limited space which necessitates the designers to reduce the
antenna size with good performance.

Recently, a lot of antennas designed to be employed in
mobile phones for fifth generation are provided. Several
planar mm-wave antennas with single band are reported
in [10]-[13]. Printed mm-wave antennas with dual-band are
reported in [14]-[16]. In [14] the designed dual-band antenna
achieves a bandwidth of 3% at 28 GHz and 1.9% at 38 GHz.
A reconfigurable dual band antenna with ideal switching
concept is introduced in [15] but it was not suitable for prac-
tical implementation. In [16], narrow bandwidth dual-band
antenna at 37.5/47.8 GHz is proposed. In the work of [17],
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a tri-band mm-wave antenna at 28/38/48 GHz is presented to
be used in the base stations. In the work of [18], four-band
MIMO antenna system operating at 28, 43, 52, and 57 GHz
is proposed.

The composite microstrip patch antenna proposed in this
work uses the 28/38 GHz mm-wave bands in a single antenna
with compact size and light weight for the fifth generation
mobile handsets. The proposed single-element patch is used
to construct a two-port MIMO antenna system. The pro-
posed antenna can also be used to construct compact antenna
arrays to be used in beam forming and direction of arrival
detection as the adjacent elements have very weak coupling
coefficients. The designed composite antenna is fabricated for
experimental validation of the simulation results.

Il. THE PROPOSED DUAL-BAND MICROSTRIP PATCH
DESIGN

The composite patch antenna structure with dual-band opera-
tion proposed in this work is shown in Fig. 1. It is constructed
from two patches; the primary patch is fed through a direct
microstrip line with an inset feed, while the secondary one
is edge coupled to the primary patch which acts as indirect
feeder to it. First, a primary circular patch is designed to res-
onate at 28 GHz. The patch is then modified by removing the
parts with insignificant current density then its dimensions
are modified so that it still resonates at 28 GHz. A secondary
parasitic patch is capacitively coupled to the primary patch
to match the impedance at another resonance 38 GHz. The
secondary patch dimensions are selected such that the two
patches together have another resonance at 38 GHz. At the
first resonance at 28 GHz, the radiated field pattern is pro-
duced mainly due to the primary patch. The radiation pat-
tern is omnidirectional and directed to the upper half-space.
At 38 GHz, the two patches contribute to the radiation pattern
through the first and the higher order modes which results
in undesired side lobes and nulls in the radiation pattern.
The cuts made in the primary patch along with the addition
of the secondary parasitic patch have the role of modifying
the current distributions on the patch surface and the electric
fields within the slots, thereby, enhance the first order mode
radiation and diminish the higher order mode radiations. The
geometry of the composite patch antenna designed in this
work is illustrated in Fig. 1 with the dimensional parame-
ters shown on the figure. The substrate used in the design
is Ro3003 with ¢, = 3.0 and height 0.25 mm and loss
tangent 0.001. The final dimensions of the printed antenna
structure are 7.5mm x 8.8mm x 0.25 mm. A defect is made
in the ground as shown in Fig.1 as dotted red line to increase
the antenna bandwidth. The dimensional parameters of the
design are listed in Table 1.

Ill. MIMO ANTENNA SYSTEM CONFIGURATIONS

The proposed composite patch antenna is used to construct
a MIMO system for mobile handset for the fifth generation.
The MIMO is constructed of two elements placed either
side-by-side or front-to-front as shown in Fig. 2a and 2b,
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FIGURE 1. Composite geometry of the proposed patch antenna with the
dimensional parameters.

!
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FIGURE 2. MIMO antenna System Configurations (a) side-by-side,
(b) front-to-front.

respectively. The two configurations allow for good spatial
diversity with high performance due to low mutual coupling
coefficients. The two MIMO systems performance are stud-
ied regarding the envelope correlation coefficient and the
diversity gain over the two operating bands 28 and 38 GHz.

IV. RESULTS AND DISCUSSIONS

The performance of the designed dual-band patch antenna
is investigated in this section. The development stages of
the proposed microstrip patch design process are illustrated.
The numerical results using electromagnetic simulation and
experimental measurements for the single element reflec-
tion coefficient and the radiation pattern is presented and
discussed.

A. DEVELOPMENT STAGES OF THE DUAL-BAND PATCH
ANTENNA DESIGN

In this section the design stages of the proposed antenna is
demonstrated showing the steps for designing the primary and
secondary patches to achieve the dual band operation of the
composite antenna structure.
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FIGURE 3. The return loss, |Sy; | for circular patch antenna with inset feed
designed to operate at 28 GHz.

1) DESIGN STAGE 1: CIRCULAR PATCH ANTENNA WITH
INSET FEED

Preliminarily, a circular patch antenna as that shown in
Fig. 3 is designed to resonate at 28 GHz. The frequency
dependence of the reflection coefficient |S;|, is shown in
Fig. 3. As the patch antenna is matched to 502 feeding line
at 28 GHz, a surface current of significant magnitude is dis-
tributed over a wide area of the patch as can be seen in Fig. 4a.
The corresponding gain pattern at 28 GHz has an appropriate
(balloon-like) shape as shown in Fig. 4b showing maximum
gain of about 8 dB in the forward direction (¢ = 0°). The cur-
rent distribution and the gain pattern at 38 GHz are presented
in Fig. 5a and 5b, respectively. As the antenna impedance
has not yet been matched at 38 GHz, the surface current
distribution is concentrated in a very narrow area at the feed
position as presented in Fig. 5a when compared to the current
distribution at 28 GHz shown in Fig. 4a. Consequently, the
gain pattern resulting at 38 GHz shows a wide beam with very
low gain of about —2.2 dBi in the forward direction (6 = 0°).
The areas on the patch with significant current magnitude are
designated as the active region and this region contribute to
the radiation in the far zone. By comparison between Fig. 4a
and 5a, it can be shown that the active region of the patch
at 28 GHz is much wider than the active region at 38 GHz.
This results in wider beam radiation pattern at 38 GHz than
at 28 GHz as shown in Fig. 4b and 5b. The radiation pattern
obtained at 38 GHz is not appropriate for most of the intended
applications in 5G mobile handsets due to the wide beam and
low gain in the forward direction 6 = 0°.

2) DESIGN STAGE 2: MODIFYING THE GEOMETRY OF THE
CIRCULAR PATCH

In order to get the antenna matched at 38 GHz, and to
improve the corresponding radiation pattern, the geometry of
the circular patch described in section A. A.l. is modified
as shown in Fig. 6. The geometry modification should keep
the impedance matching at 28 GHz. In consequence, the idea
behind the suggested geometrical modification is to reduce
the patch area so as to get another resonance at the higher
frequency (38 GHz) by removing the part of the patch that
carries relatively weak current at the first resonance (28 GHz)
so as not to significantly disturb the current distribution at
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FIGURE 4. (a) Distribution of the magnitude and directions of the surface
current at 28 GHz, and (b) The corresponding gain pattern, for a circular
patch antenna with inset feed.

(b)

FIGURE 5. (a) Distribution of the magnitude and directions of the surface
current at 38 GHz, and (b) The corresponding gain pattern, for a circular
patch antenna with inset feed.

this resonance. The cuts made in the patch aim to modify the
distribution of the surface current at 38 GHz so as to increase
the antenna gain in the direction & = 0°. The return loss, |S11],
over a wide frequency band is shown in Fig. 6. It is clear in
the figure that the modified patch has matched impedance at
36.5 GHz which needs to be shifted to the desired frequency
of operation at 38 GHz.

Unfortunately, the geometrical modification leads to shift
the first resonance frequency to about 27 GHz. Furthermore,
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FIGURE 6. The reflection coefficient,
modified circular patch antenna.
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FIGURE 7. (a) Distribution of the magnitude and directions of the surface
current at 27.02 GHz, and (b) The corresponding Gain pattern.

the modification of the patch geometry leads to some
widening of the radiation pattern at this resonance and
consequently, to a slight reduction of the gain in the for-
ward direction to be about 6.7 dBi. This can be attributed
to reducing the area of the active region of the patch due
to the geometry modification. The current distribution over
the surface and the corresponding gain pattern at 27.02 and
35.86 GHz are shown in Fig. 7 and 8, respectively.

It may be useful to compare the surface distribution pre-
sented in Fig. 8a to that presented in Fig. 5a. It is clear that the
unidirectional x-oriented component of the surface current
at 38 GHz is increased relative to the y-oriented component
which has opposite directions on the upper and lower half of
the modified patch. This improvement of the surface current
leads to narrowing the beam and increasing the gain in the
forward direction at 38 GHz to be about 2.9 dBi, which is
shown by comparison between Figure 8b and 5b. It is worth
noting from Figure 7b that the radiation pattern at 28 GHz
is not much affected by the modifications performed to the
geometry of the patch.
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FIGURE 8. (a) Distribution of the magnitude and directions of the surface
current at 35.86 GHz, and (b) The corresponding Gain pattern.
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FIGURE 9. Reflection coefficient, |S;; |, with frequency for the modified
circular patch antenna with the parasitic element.

3) DESIGN STAGE 3: ADDING PARASITIC ELEMENT TO THE
MODIFIED CIRCULAR PATCH
Modifications of the patch geometry are still required to get
the resonance frequencies at 28 and 38 GHz and to increase
the gain in the forward direction at 38 GHz. This can be
achieved by adding a secondary patch of circular shape to the
main patch through capacitive coupling as shown Fig. 9. The
return loss, |S11], is shown in the same figure. It is shown that
the resonance frequencies are at 28.02 and 38.26 GHz which
are much closer to the required frequencies of operation.
The surface current distribution at 28.02 GHz and the
corresponding gain pattern are presented in Fig.10. It is clear
that the geometrical modifications performed so far keeps
the shape of the gain pattern at 28 GHz acceptable for the
intended applications commonly required in 5G mobile com-
munications. On the other hand, the current distribution over
the patch surface and the resulting gain pattern at 38.26 GHz

VOLUME 10, 2022
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FIGURE 10. (a) Distribution of the magnitude and directions of the
surface current at 28.02 GHz, (b) The corresponding Gain pattern.

are presented in Fig. 11. The radiation pattern shows low gain
of about —0.76 dBi in the direction 6 = 0°. In view of the
surface current distribution at 38 GHz shown in Fig. 11a, the
reduction of the gain due to the last geometrical modification
can be attributed to the current generated on the secondary
patch having opposite direction to the current on the primary
patch, which causes the gain to be reduced in the direction
0 =0°.

4) DESIGN STAGE 4: MODIFYING THE SHAPE OF THE
PARASITIC ELEMENT

According to the above discussion and in order to reduce the
current of the opposite direction generated on the secondary
patch, it is suggested to laterally increase the area of the
parasitic patch so as to act as a reflector as shown in Fig. 12.
The lower and upper resonances are located exactly at the
required locations (28 and 38 GHz). A defect in the ground
is added to widen the impedance bandwidth. The current
distributions over the patch surface and the radiation patterns
at28 and 38 GHz are presented in Fig. 13 and 14, respectively.
As expected, the current on the parasitic patch is almost
diminished at 38 GHz leading to increase the gain in the
direction & = 0° to about 5.2 dBi as shown in Fig. 14b. The
final design parameters are listed in Table 1.

The radiation efficiency of the proposed antenna is 87.5%
and 91.3% at 28 and 38 GHz, respectively. The antenna is
linearly polarized with cross polarization ratio of about —60
and —75 dB at 28 and 38 GHz.

B. EFFECT OF THE SEPARATION DISTANCE OF THE
CAPACITIVE PATCH

The distance between the capacitive patch and the antenna
affects the impedance matching. This effect is depicted in
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FIGURE 11. (a) Distribution of the magnitude and directions of the
surface current at 38.26 GHz, (b) The corresponding Gain pattern.
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FIGURE 12. The return loss, |S;; |, with frequency over a wide band for
the final design of the proposed patch antenna indicated.

TABLE 1. Final dimensions (mm) of the proposed composite patch
antenna.

L 0.5 W, 0.633
L, 15 R, 1.9
Ly 0.8 R, 1.5
L, 247 R, 1.0
L; 14 R 12
L, 13.4 R 15
W, 03 R, 3.0

Fig. 15 for different coupling distances d. The rest of the
dimensions are as listed in Table 1. It is clear from the
figure that the minimum of the impedance matching locations
change with the coupling distance as the added parasitic
element acts as a capacitive load to the primary patch.

C. EFFECT OF THE HUMAN SKIN AND THE MIOBILE
CHASSIS ON THE ANTENNA PERFORMANCE

Since the proposed antenna design is intended to be placed
inside a mobile handset, the effect of the human hand during
usage should be studied. The human hand is considered a very
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(b)
FIGURE 13. (a) Distribution of the magnitude and directions of the
surface current of the final patch design at 28 GHz, (b) The corresponding
Gain pattern.

(b)

FIGURE 14. (a) Distribution of the magnitude and directions of the
surface current of the final patch design at 38 GHz, (b) The corresponding
Gain pattern.

huge, electrically large object in the millimetric frequency
range. This makes the electromagnetic simulation of the hand
effect requires a very large memory which is beyond the
capabilities of the computing machine. Also, the penetration
depth of the electromagnetic wave is very shallow in the
millimetric range. Because of these two reasons, the effect of
placing the antenna on a mobile chassis close to the human
hand is approximated by placing the antenna over two layers;
A 1 mm thick skin layer with electric parameters €, = 10.7,
o = 7.32s/m at 28 GHz and ¢, = 10.05, 0 = 10.25s/m
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FIGURE 15. Effect of the coupling distance between the parasitic element
and the patch antenna.
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FIGURE 16. Reflection coefficient of the proposed antenna when placed
over a simplified model of the mobile chassis and adherent skin.

at 38 GHz [19]; and a 1 mm layer of polypropylene with €, =
2.25 and tan§ = 0.0001 [20]. The extension of the layers
model beneath the antenna is 40 mm x 40 mm. The resulting
reflection coefficient is shown in Figure 16. The radiation
patterns of the proposed antenna placed over the simplified
model of skin and mobile chassis at 28 and 38 GHz are
shown in Figure 17. It is clear from Figure 16 and 17 that the
radiation pattern at 28 GHz is much affected than the 38 GHz
band by placing the antenna near to a human skin.

D. GAIN AND EFFICIENCY OF THE PROPOSED ANTENNA
The maximum gain of the proposed antenna is calculated
over a wide frequency range and plotted in Figure 18. The
radiation efficiency is also calculated numerically using the
CST taking into consideration the metal and dielectric losses
over the frequency band 25-45 GHz. The results are shown
in Figure 19. It can be seen that the antenna has 80 and 85%
radiation efficiency at the two operating band 28 and 38 GHz,
respectively.

E. TWO-PORT MIMO ANTENNA SYSTEM PERFORMANCE
Numerical simulation is performed in this section to assess
the performance of the two elements MIMO system. The
results of the S-parameters, gain pattern, and diversity param-
eters are presented and discussed.

1) SIDE-BY-SIDE MIMO ANTENNA SYSTEM CONFIGURATION
The two-port MIMO antenna configuration shown in Fig. 2a
is constructed with separation distance Dy = 23 mm.

VOLUME 10, 2022
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FIGURE 17. Radiation pattern of the proposed antenna placed over a

simplified model of the mobile chassis and adherent skin at, (a) 28 GHz,
(b) 38 GHz.
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FIGURE 18. Maximum gain versus fr
antenna.

y of the proposed dual-band

q

The dimensions of a constructing patch are as listed in
Table 1. The total dimension is 13 mm x 23 mm. The reflec-
tion and transmission coefficients are shown in Fig. 20. It can
be seen that the reflection coefficient is almost the same for
all ports. The two antennas are matched at both operating
frequency bands. Also the coupling coefficients are very
low <—28 dB at both bands. Due to the symmetry in the
configuration, the gain pattern of one patch antenna at 28 and
38 GHz is shown in Fig. 21a and 21b, respectively. It can
be shown from Fig. 21 that the gain pattern of one patch
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FIGURE 19. Radiation efficiency of the proposed antenna over the
frequency band 25-45 GHz.
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FIGURE 20. Simulated frequency response of the self and mutual
coupling coefficients of the side-by-side two-port MIMO antenna system.

antenna in this configuration is almost not affected by the
other element. The envelope correlation coefficient and the
diversity gain as a measure of the MIMO system performance
are calculated and plotted in Fig. 22 showing excellent perfor-
mance of the proposed side-by-side MIMO antenna system
configuration.

2) FONT-TO-FRONT MIMO ANTENNA SYSTEM
CONFIGURATION

The two-port MIMO antenna configuration shown in Fig. 2b
is constructed with D, = 13 mm. Fig. 20 shows the reflection
and the coupling coefficients of the front-to front MIMO
antenna system configuration. It is clear that the two antennas
have good impedance matching at 28 and38 GHz. The gain
pattern of one patch antenna at 28 and 38 GHz is shown
in Fig. 23a and 23b, respectively. It can be shown from
Fig. 23 that the gain pattern of one patch antenna in this
configuration is almost not affected by the other element. The
ECC and DG are evaluated and plotted in Fig. 24 showing
excellent performance of the proposed MIMO antenna sys-
tem configuration.

F. FABRICATION AND PRACTICAL MEASUREMENTS

A prototype for the proposed antenna is fabricated for the
purpose of assessment of the patch performance and shown
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FIGURE 21. Gain patterns of the proposed patch antenna for the 2-port
MIMO antenna system in the side-by-side configuration at (a) 28 GHz,
(b) 38 GHz.

in Figure 25a. The fabrication process is performed through
photolithography.

1) MEASUREMENTS OF THE REFLECTION COEFFICIENT

The vector network analyzer (VNA) Rhode and Schwartz
model ZVA67 is used for measuring the frequency response
of the reflection coefficient Sy;. In order to connect the fabri-
cated prototype to the VNA, an end-launch connector 2.4 mm
from Southwest Microwave Inc. is used for this purpose.
The connection and the experimental setup are shown in
Figure 25b. A calibration process is performed at the VNA
ports in the frequency range 25-45 GHz before measuring the
reflection coefficient.

The frequency response of the reflection coefficient S|
is presented in Figure 26 as measured by the ZVAG67.
The simulation and measurement results for the frequency
dependencies of |S11| are compared and presented in the
same figure showing good agreement. The upper and lower
measured operation frequencies are centered at 27.9 GHz
and 38 GHz, respectively. The impedance matching band-
widths (for |S11] < —10 dB) obtained through measurements
are about 3% at 28 GHz and about 3.2% at 38 GHz. It is worth
noting that the impedance matching bandwidth obtained from
the simulated |S;1| is 5% and 3.5% at 28 GHz and 38 GHz,
respectively.

2) MEASUREMENTS OF THE RADIATION PATTERNS
The radiation patterns and the maximum gain of the proposed
antenna are measured at 28 and 38 GHz. The experimental
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FIGURE 22. Frequency dependence of the ECC and DG of the side-by-side
MIMO antenna proposed in the present work.

180

(b)
FIGURE 23. Gain patterns of the proposed patch antenna for the 2-port
MIMO antenna system in the front-to-front configuration at (a) 28 GHz,
(b) 38 GHz.

setup is presented in Figure 27. The VNA Rhode and
Schwartz model ZVAG67 is set to operate in the two-port mea-
surement mode for the purpose of measuring the transmission
coefficient |S71| through the antenna under test (port 1) and
the reference-gain antenna (port 2). LB-018400 is the refer-
ence gain linearly-polarized horn employed in the measure-
ments. The separation between the two antennas is 30 cm.

VOLUME 10, 2022
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FIGURE 24. Frequency dependence of the ECC and DG of the
front-to-front MIMO antenna proposed in the present work.

(b)

prototype with the mounted 2.4 mm end-launch connector,
(b) experimental setup with the antenna connected to the VNA ZVA67.

The radiation patterns in the elevation planes ¢ = 0°
and ¢ = 90° corresponding to the E-plane and H-plane,
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FIGURE 26. Measured frequency responses of the reflection coefficient
|S11| of the proposed antenna.

FIGURE 27. Experimental setup for measuring the radiation pattern and
gain of the proposed dual-band patch antenna.

respectively, are measured for the proposed patch antenna,
and presented in Figure 28 and Figure 29 at the frequencies
28 GHz and 38 GHz, respectively. It is clear from the two
figures that the measured and simulated radiation patterns are
close to each other and show good agreement. The measured
maximum gain for the proposed patch antenna are 6.2 dBi
and 5.3 dBi at 28 GHz and 38 GHz, respectively, which are
close to the simulated values (6.6 dBi and 5.86 dBi at 28 GHz
and 38 GHz, respectively).

3) MEASUREMENT OF THE PERFORMANCE OF THE
PROPOSED MIMO SYSTEM CONFIGURATIONS

In this section, the proposed dual-band antenna is employed
to construct a two-port MIMO antenna system for a mobile
phone handset in the two different configurations shown in
Figure 2. The fabricated prototypes for the side-by-side and
front-to-front MIMO system configurations are shown in
Figure 30a, and 30b, respectively. The frequency response of
the reflection and transmission coefficients for each configu-
ration is measured using the VNA Rhode & Schwartz model
ZVAG67T and plotted in Figure 31. It is evident that the MIMO
antenna system exhibits good impedance matching at both
of the operating frequencies 28 and 38GHz. The measured
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(a) E-plane (¢ = 0°) FIGURE 30. Fabricated prototype for the two-port, (_a) side-by-side,
(b) front-to-front, MIMO antenna system configurations.
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proposed dual-band microstrip patch antenna at 28 GHz in the two 25
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FIGURE 31. Measured frequency response of the self and mutual
coupling coefficient of the proposed two-port (a) side-by-side,
(b) front-to-front, MIMO antenna system.

G. COMPARISON WITH SIMILAR PUBLISHED WORK

The proposed antenna is compared to other published mm-
wave antennas intended for future 5G applications. The patch
antenna of this work combines the compactness in size, multi-

180
(b) H-plane (¢ = 90°)
FIGURE 29. Measured radiation and simulated radiation patterns of the

proposed dual-band microstrip patch antenna at 38 GHz in the two band operation, and ease of integration. All these traits are
principle planes. required for the future 5G portable devices. Table 2 compares

the proposed antenna with similar antenna found in literature
mutual coupling coefficients has very low value <—20 dB from the point of view of the frequency of operation, size, and
over the entire frequency range for both configurations. impedance matching.
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TABLE 2. Comparison with published work.

Reference Frequency of Size (mm®) Impedance
Operation Matching (dB)
(GHz)
[17] 28/38/48 34.8 x 34.8 x 0.508 -20/-25/-30
[15] 28/38 11 x9x0.135 -35/-32
[21] 28/38 14 x12x0.38 -22/-16
[2] 28/38 21.6 20 x0.25 -31/-36
Present Work 28/38 7.5 x8.8x0.25 -24/-20

V. CONCLUSION

In this work, a compact dual-frequency band (28/38 GHz)
microstrip patch antenna design for 5G mobile handsets
is presented. The proposed antenna is composed of two
patches, primary feeding patch and secondary parasitic patch.
The development stages of the antenna design are presented
showing the complicated radiation mechanisms involved.
A prototype is fabricated and measured. Numerical and
experimental results are compared showing good perfor-
mance regarding reflection coefficient, bandwidth, radiation
patterns, and gain. The impedance matching bandwidths are
about 5% at 28 GHz and about 3.5% at 38 GHz. The mini-
mum value of the reflection coefficient for 28 GHz band is
—34.5 dB and is —27.3 for 38 GHz. The measured radia-
tion patterns are have a peak gain of 6.6 dBi and 5.86 dBi
at 28 GHz and 38 GHz, respectively. For both bands, the radi-
ation patterns are omnidirectional, which makes the proposed
patch antenna an excellent candidate for 5G MIMO systems.
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