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ABSTRACT In this paper, a magneto-electric (ME) dipole antenna excited by two slots through a printed
ridge gap waveguide (PRGW) is presented. This antenna, which operates in the Ka-band, is considered as a
dual complementary source (DCS), and exhibits a higher gain and a wider impedance bandwidth, compared
to conventional ME dipoles. The proposed antenna has an impedance matching bandwidth with |S11| < −10
dB from 24.5 to 40 GHz with a stable gain of 10±1 dBi over the 25-35 GHz band. Moreover, by integrating
horizontally three layers, each with an array of 4 × 10 split-ring resonator (SRR) unit cells on top of the
DCS-ME dipole antenna, the realized gain is increased while maintaining the impedance bandwidth of the
antenna. The antennawas fabricated andmeasured to confirm the simulation results. The fabricated prototype
has a size of 1.1×1×0.58 λ3 (at 30 GHz) and exhibits a measured impedance bandwidth in excess of 50%,
from 24 to 40 GHz, a maximum measured gain of 14.2 dBi at 35 GHz, and a measured radiation efficiency
of 93% at 30 GHz.

INDEX TERMS 5G wireless networks, high gain magneto-electric dipole antenna, millimeter-wave
antennas, printed ridge gap waveguide (PRGW), split-ring resonator (SRR).

I. INTRODUCTION
Recently, millimeter-wave (mm-wave) frequencies have
attracted worldwide attention due to the demand for wide
operating bandwidths (BW), necessary for fifth generation
(5G) mobile communications. 5G will bring mobility to
mm-wave communications as the next generation wireless
network. Compared to current cellular networks, it will serve
more people, reduce latency, increase capacity and provide
ubiquitous mobile services at much higher speeds than con-
ventional base stations. The Ka-band at 26.5 – 40 GHz is one
of the promising frequency bands in 5G for video streaming
and internet-of-things (IoT) applications [1]–[3]. However,
the propagation loss due to atmospheric absorption at these
frequencies is large compared to lower frequencies with
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larger wavelengths. To address this issue, antenna designers
have focused on designing high-gain antennas. The proposed
antenna is assumed to be embedded in portable wireless
systems, such as handset devices. Therefore, such antennas
should be designed with high efficiencies, high gain and a
wide bandwidth. Different approaches have formerly been
reported to design high-gain and wide bandwidth anten-
nas operating at millimeter-wave frequency bands [4]. For
instance, the authors in [5] have integrated a perforated
dielectric superstrate over a 2 × 2 dense square dielectric
patch antenna with a maximum gain of 16 dBi. However,
the impedance bandwidth is only 15.4% in the frequency
range of 26.5-30.8 GHz, which is not suitable for 5G applica-
tions. Loading the antenna with a frequency-selective surface
(FSS) superstrate [6] or a high refractive-index metamate-
rial [7] are two other methods recently introduced. How-
ever, the aforementioned techniques have narrow impedance
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and gain bandwidths, in the range of 10% at 28 GHz and
60 GHz, respectively. An aperture-coupled patch antenna
with a superstrate layer has been designed at 60 GHz to
achieve a maximum gain of 14.6 dBi [8]. Nevertheless,
the impedance bandwidth corresponds to only 6.8%. Most
importantly, a microstrip line has been used for feeding
the antenna at millimeter-wave bands, which incurs more
losses. To circumvent this issue and obtain a higher efficiency,
a corrugated Vivaldi antenna fed by a substrate-integrated
waveguide (SIW) line operating in the Ka-band has been pro-
posed in [9], whose maximum gain corresponds to 13.2 dBi
at 34 GHz. However, the antenna is bulky and exhibits a
high SLL.

The gap waveguide transmission line, which has remark-
able low-loss properties at mm-wave frequencies, has been
introduced in [10]–[14] to overcome the problem of good
electrical contact and to achieve higher efficiency compared
to microstrip line and SIW technology.

Printed ridge gap waveguide (PRGW) is a light and
low-cost technology that has been recently used to improve
mm-wave antenna performance. Various directive antennas
and arrays based on PRGW have been proposed with high
gain and wide impedance bandwidth characteristics. A dual-
layer FSS Fabry–Perot cavity with PRGW at 60 GHz has
been introduced in [15], where the antenna has a 20.4%
impedance bandwidth, 12.2% 3-dB gain bandwidth and a
maximumgain of 15.6 dBi at 60GHz. However, the antenna’s
height corresponds to 1.6 wavelengths (λ) at 60 GHz, which
is bulky. To increase the antenna gain, the authors in [16]
have proposed a quasi-curved reflector excited by an SIW
line. Nevertheless, the maximum gain is 17.6 dBi at 60 GHz,
the height of the antenna is 1λ, the matching bandwidth
corresponds to 24%, and the 3-dB gain bandwidth is 12%.
To further improve the 3-dB gain bandwidth, a magneto-
electric (ME) dipole antenna with a fork shaped PRGW feed
line loaded with three layers of split-ring resonators (SRRs)
was introduced in [1]. The proposed antenna has a 24.2%
3-dB gain bandwidth, a 34% impedancematching bandwidth,
and a 11.8 dBi maximum gain.

To further enhance the impedance matching and the 3-dB
gain bandwidth, which is crucial for mm-wave 5G applica-
tions, this work employs the technique of dual complemen-
tary sources (DCS) proposed in [17]. The proposed DCS-ME
dipole antenna is realized by two magnetic dipoles consisting
of two pairs of slots with a 0.75λ (at 30 GHz) separation and
two electric dipoles consisting of four patches which are con-
nected to the ground plane using vias, as illustrated in Fig. 1.
A fork-shaped transmission line based on PRGW is used
to excite the DCS-ME dipole antenna. Moreover, to further
increase the antenna gain, three layers of 4×10 SRR unit cells
are located symmetrically on top of the antenna. The SRR
layers act as a mu-near zero (MNZ) medium and improve
the realized peak gain up to 14.2 dBi at 35 GHz, without
affecting the reflection coefficient of the antenna and with
a SLL less than −12 dB in the H-plane over the whole fre-
quency band. A prototype of the antenna was fabricated and

FIGURE 1. (a) 3-D view of the proposed dual complementary source
magneto-electric (DCS-ME) dipole antenna loaded with three SRR layers,
and (b) geometry of feed network below the slots (dimensions are in
wavelengths (λ) at 30 GHz).

measured, achieving an impedancematching in the frequency
range of 24-40 GHz, with a 3-dB gain bandwidth of 40%
(26-39.8 GHz). The proposed DCS-ME dipole antenna pro-
vides a 16% improvement in both impedance and 3-dB gain
bandwidths, compared to the ME dipole antenna reported
in [1] with the same height of 0.58λ in the broadside direction,
and a peak gain enhancement of 2.4 dBi.

II. DCS-ME DIPOLE ANTENNA
Recently, the magneto-electric dipole antenna has attracted
much attention due to its advantageous characteristics, such
as a wide impedance bandwidth, high front-to-back ratio, and
low cross-polarization levels. The concept of a ME dipole
antenna is based on exciting a magnetic dipole and an elec-
tric dipole simultaneously, which makes identical H- and
E-planes and stable radiation patterns [18]. The ME dipole
designs implemented by PRGW technology thus far in the
literature have been interpreted as only one complemen-
tary source, which consists of one electric dipole and one
magnetic dipole [1], [18], whereas the proposed ME dipole
fed by PRGW is interpreted as two complementary sources.
The DCS-ME dipole antenna can achieve simultaneously a
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high gain and a wide impedance bandwidth. It has stable
radiation patterns with low SLLs throughout the Ka-band,
while maintaining a low profile for 5G applications. This
advanced performance cannot be achieved at the same time
by conventional ME dipoles.

A. OPERATING MECHANISM AND DESIGN
The 3D view with the detailed dimensions of the DCS-ME
dipole antenna fed by PRGW and loaded by a three-layer
4 × 10 array of split-ring resonator unit-cells is shown
in Fig. 1(a). The antenna consists of four layers which the
first, second, and third layers are Rogers 3003 and the fourth
layer is RT/duroid 6002 with relative permittivities of 3 and
2.94, respectively. The mushroom-like structures acting as
electromagnetic bandgap (EBG) cells are placed on the first
layer surrounding the printed ridge waveguide, to mitigate
surface-wave propagation from the ridge in unwanted direc-
tions, as shown in Fig. 1(b). The EBG cells are designed
according to [1] to achieve a frequency stopband in the
Ka-band. A fork-shaped transmission line is located on
the second layer as shown in Fig 1(a) and its dimensions are
demonstrated in Fig 1(b). The third layer is used as a spacer to
maintain a constant air gap smaller than a quarter wavelength
on top of the mushroom unit cells, along with the upper metal
plate to create an EBG that supports quasi-TEM propagation.
A 50-� microstrip transition line is located on the bottom of
the third layer to transfer the input power towards the fork-
shaped transmission line. The parallel plate is the ground
plane of the fourth layer.

In general, slot antennas are resonant structures, therefore
they have a narrow impedance bandwidth. To increase the
bandwidth, a dual complementary source ME dipole antenna
is used. The DCS-ME dipole antenna is implemented using
two identical 0.38λ× 0.16λ (3.8 mm× 1.6 mm) rectangular
slots as two magnetic dipole sources with a separation of
Ls= 0.37λ, which are etched in the ground plane of the fourth
layer. The design frequency was chosen as 30 GHz. The
electromagnetic waves propagate from the feedline towards
the broadside (z) direction with equal amplitude and phase
through these slots. Moreover, four horizontal patches with
dimension of 0.44λ× 0.16λ (4.4mm×1.6mm) are printed on
the top side of the fourth layer. Every patch is connected to the
ground through a vertical metallic via with a radius of 0.068λ,
as shown in Fig. 1(a). It is noted that in order to form an elec-
tric dipole, the phase difference between the two grounded
patches should be 180 degrees. Fig. 2(a) and (b) show the
current distributions on the horizontal patches in the xy plane
and on the vertical vias in the zy plane, respectively at 30GHz.
In Fig. 2(a) the first layer of the proposed antenna that consists
of the EBG unit cells is hidden to illustrate better the current
distribution vectors. As shown in Fig. 2(a) and (b), the current
on each vertical via or horizontal patch has an analogous cur-
rent in the opposite direction on the opposite side. Therefore,
each pair of grounded patches behaves as a planar electric
dipole. In this way, each slot and pair of grounded patches act

FIGURE 2. Current distribution on the electric dipoles in (a) the xy plane,
and (b) the zy plane at 30 GHz.

as a complementary source magneto-electric dipole antenna,
and in this design two of the complementary sources are fed
in phase using the aforementioned fork-shaped transmission
line, forming a dual complementary source magneto-electric
dipole (DCS-ME dipole) antenna. Moreover, an analysis of
the current distributions on the electric dipoles at the addi-
tional frequencies of 26 GHz and 38 GHz, above and below
the design frequency, reveal a similar distribution, where the
currents on the horizontal patches are oppositely directed,
thus verifying that each pair of the grounded patches acts as a
planar electric dipole for a wide frequency range around the
design frequency of 30 GHz.

The working principles of the original ME dipole
antenna [1] with a single excitation and the proposed
ME dipole antenna with a dual excitation are shown in
Fig. 3(a) and (b), respectively. The original ME dipole was
interpreted as a single complementary source composed of
a magnetic dipole and an electric dipole, as demonstrated
in Fig. 3(a). The two dipoles are collocated and excited with
equal phase and equal amplitude. In this paper, two excitation
sources are used in the design of a DCS-ME dipole antenna
based on PRGW. Similar to the conventional ME dipole,
the two vertical portions consist of two metallic vias and rect-
angular patches are connected to the ground plane to form an
electric dipole. By using two excitation sources with a certain
separation, two magnetic dipoles can be obtained. By varying
the separation between the complementary sources, the char-
acteristics of the total field of the antenna can be controlled
and optimized. In the presented structure, the best antenna
performance is obtained with a 0.75λ (center-to-center) dis-
tance between the two excitation sources. The antenna pre-
sented in this work is a dual complementary source of the
original ME dipole of [1] that exhibits a higher gain, while
maintaining excellent radiation characteristics, including a
wide bandwidth and low back radiation.
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FIGURE 3. Principle of operation of (a) the original magneto-electric
dipole antenna with single excitation used in [1], and (b) the proposed
magneto-electric dipole antenna with dual excitation.

The simulated reflection coefficient and realized gain
of the proposed slot antenna with and without the elec-
tric dipoles are presented in Fig. 4. It can be seen that
the impedance matching and realized gain are significantly
improved by loading the electric dipoles along with the
PRGW. Considering a |S11| ≤ −10 dB matching level,
the proposed antenna achieves a ∼48% (24.5 - 40 GHz)
bandwidth and a 10.8 dBi maximum gain, which are 20%
and 2.6 dBi higher, respectively, than the bandwidth and
maximum gain of the ME dipole antenna in [1] before the
SRR has been added.

B. GEOMETRICAL PARAMETERS STUDY
To understand the impact of the different ME dipole geo-
metrical parameters on the reflection coefficient and real-
ized gain, parametric studies of the geometrical parameters
were performed by sweeping one of the parameters while
the others were kept constant. The simulated results for the
variations of the reflection coefficient |S11| and realized gain
of the antenna are depicted in Fig. 5 and 6, for different values
of the coupling slot size (Xs, Ys) and the distance between the
slots (Ls), respectively. As depicted in Fig. 5, an impedance
bandwidth of more than 16 GHz can be achieved by tun-
ing Xs and Ys, while they have a minor effect on the real-
ized gain. As shown in Fig. 6, the distance Ls between the
slots is the key parameter that controls the impedance band-
width and the gain bandwidth, with the optimum value being
Ls = 3.7 mm (0.37λ).

Furthermore, to understand the effect of the patch dimen-
sions on the antenna performance, another parametric study

FIGURE 4. (a) Reflection coefficient and (b) realized gain of the proposed
antenna with and without the electric dipoles.

was carried out. This demonstrated that by varying the width
and length of the patches, the impedance matching of the
antenna is mainly affected and a negligible effect was seen
on the antenna gain.

III. SRR UNIT CELL DESIGN
To further enhance the antenna gain, an array of split ring
resonators (SRRs) was integrated on top of the ME dipole
antenna. The implemented SRR needs to have a broad band-
width in terms of the low value of permeability in the entire
Ka-band. Fig. 7 shows the configuration of the proposed
SRR, which is a modified shape of the SRR used in [19].
The structure is printed on one side of a 0.254 mm thick
RT/duroid 5870 substrate with a relative dielectric constant
of 2.33. The dimensions of the unit-cell are: r1 = 0.65 mm,
r2 = 0.74 mm, d1= 0.5mm, and d2= 0.08mm. Fig. 8 shows
the reflection and transmission coefficients of the proposed
SRR, which were extracted using Ansys HFSS by applying
PEC, and PMC boundary conditions in the xz and xy planes of
the unit cell, respectively, while two wave ports were located
in the yz planes.

Fig. 9 shows the effective relative permeability of the
proposed unit-cell as a function of frequency, where it
can be observed that its value is less than one throughout
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FIGURE 5. (a) Reflection coefficient and (b) realized gain of the ME dipole
antenna for different sizes of coupling slot.

the Ka-band. Therefore, the SRR acts asmu-near zero (MNZ)
medium in the Ka-band frequency range, when the H-field is
normal to the axis of the SRR unit cell.

The mechanism of gain enhancement is based on the one
described in [20], [21], where an epsilon-near-zero medium
was located in front of a horn antenna to achieve a plane wave
on the antenna aperture and improve the gain. This can be
applied here in a dual manner, by loading an MNZ medium
in front of the ME dipole antenna, thus increasing the gain
due to the small phase shift on the antenna aperture. This can
be explained by calculating the phase of the total transmission
coefficient in terms of (d /λ) with a low permeability when the
TE waves emanate from the antenna source through the SRR
layers. The total transmission coefficient is given as follows:

T = t1t2e(−jkzd)/(1− r2e(−2jkzd)) (1)

where kz = ω
√
µMNZ × ε0 represents thewave number along

the z-direction and t1, t2, and r correspond to the transmission
and reflection coefficients, respectively, of the incident wave
at z = 0 and z = d , as shown in Fig. 1. As explained
in [22], if the phase of the total transmission coefficient
given by (1) for different values of permeability (µMNZ) is
calculated in terms of the electrical thickness of theMNZ slab

FIGURE 6. (a) Reflection coefficient and (b) realized gain of the ME dipole
antenna for different values of the distance between the slots, Ls.

FIGURE 7. Geometry of the proposed split-ring resonator unit-cell.

FIGURE 8. S-parameters of the proposed SRR unit-cell.

(d/λ), the phase shift is lower when the value of permeability
is less than one. As a result, the MNZ region provides phase
compensation in the antenna-radiating aperture and increases
its gain.
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FIGURE 9. Effective relative permeability of the proposed SRR unit-cell.

FIGURE 10. Simulated (a) reflection coefficient and (b) realized gain of
the DCS-ME dipole antenna for different numbers of SRR layers.

IV. ANTENNA GAIN ENHANCEMENT
The DCS-ME dipole can be regarded as a quasi-TE source,
where the H-field is along the direction of propagation.
To induce a current on the SRR and excite the Lorentzian
magnetic resonance, the realized H-field of the electric dipole
should be polarized perpendicular to the axis of the SRR
unit cells (along the z-direction). Furthermore, the E-field
should be polarized along the plane of the unit-cell (y-axis).
Therefore, to enhance the antenna gain, three layers that each
consist of a 4 × 10 array of SRR unit-cells, were symmetri-
cally mounted above the antenna, as shown in Fig. 1. Adding
the SRR layers on top of the antenna not only has the effect of
increasing its gain, but also affects its impedance matching;
therefore, the size of the SRR layers, their number and relative
separation had to be optimized. This was carried out using the

FIGURE 11. (a) Reflection coefficient and (b) realized gain of DCS-ME
dipole antenna for different numbers of SRR rows (n) in each layer.

HFSS optimization tool together with geometrical parameter
studies.

The SRR superstrate was separated from the DCS-ME
dipole by a 2.2 mm air gap (0.22λ at 30 GHz). In this
design, the optimum distance between the SRR layers was
initially chosen to be 0.08λ using initial simulation data
from HFSS. To find the optimum number of SRR layers
and maximize the realized gain as well as the impedance
bandwidth, geometric parameter studies were undertaken.
The resultant reflection coefficient and realized gain of the
antenna in terms of the number of SRR layers, are shown
in Fig. 10 (a) and (b), respectively. According to Fig. 10 (a),
loading a one-layer SRR, degrades the impedance matching
in the lower frequency band. On the other hand, loading
four layers results in a better impedance matching. However,
as shown in Fig. 10 (b), when just one layer is loaded on
the antenna, up to 3.3 dBi gain enhancement is achieved
in the range of 27–38 GHz compared to the unloaded case.
In addition, increasing the SRR layers in the z-direction from
1 to 3 results in an improvement of the gain in the upper fre-
quency bands (30-38 GHz). Adding four or more SRR layers
degrades the realized gain in the upper band. Considering the
antennas matching and realized gain, the antenna with three
SRR layers was selected as the final design. By loading three
SRR layers on top of the antenna, the antenna is matched
below −10 dB from 24–40 GHz, which corresponds to a
50% matching bandwidth. Moreover, a 3-dB gain bandwidth
of 41% over the frequency range of 25–38 GHz is obtained,
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FIGURE 12. Photographs of the fabricated DCS-ME dipole antenna loaded
with SRR layers. (a) Top view, (b) 3D view without the 3 SRR layers, and
(c) 3D view where the 3 SRR layers are clearly shown.

with a maximum realized gain of 14 dBi at 35.5 GHz which
is up to 6.8 dBi gain enhancement compare to the unloaded
case, as shown in Fig. 10 (b). One of the challenges in these
antenna structures is to determine the amount of the space
between the layers and the number of SRRs in each layer.
Each layer consists of m × n SRRs. Different values of m
were investigated, and it was found that a value greater than
m = 4 did not change significantly the maximum achieved
gain. This was because a value of m = 4 effectively covered
the aperture of the underlying DCS-ME dipole antenna in
one dimension (in the y-direction). Therefore, for m = 4,
an investigation was carried out to find the optimum number
of SRR rows (n) in each layer. Fig. 11 shows that increasing
the number of n from 6 to 12 has the most impact on the
realized gain and the best performance is obtained for n = 10
rows of SRRs. Therefore, the final design chosen was for an
array of 4 × 10 SRRs. Finally, if the space between the SRR
layers (d) is increased, there is a corresponding increase in
the antenna gain at the upper frequency band (30-37 GHz)
and better impedance matching in the lower frequency band
(25-30 GHz). For instance, if d = 0.06λ, the resulting peak
gain is 12.7 dBi at 36 GHz.Moreover, it is observed that if the
gap is increased to 0.08λ, the realized gain is enhanced up to
1.3 dBi. Therefore, to achieve the most comprehensive trade
off in terms of gain and impedance matching, 0.08λ (0.8 mm)
was selected as the optimal size of the gap between the layers.

V. EXPERIMENTAL RESULTS
To validate the performance of the proposed high-gain
antenna, a prototype was fabricated and measured. The pho-
tograph of the fabricated antenna with the three embedded
SRR layers as loading elements is shown in Fig. 12. The SRR
layers are held on top of the antenna by inserting them inside
rectangular cuts which are etched on two vertical walls on
two sides of the DCS-ME antenna. Multiple plastic screws

FIGURE 13. Compact-range radiation pattern measurement setup.

FIGURE 14. Measured and simulated normalized radiation patterns of the
DCS-ME dipole antenna loaded with SRRs in the H-plane at (a) 26, (b) 28,
(c) 30, (d) 33, (e) 35, and (f) 38 GHz.

on the edges of antenna substrates are used to properly align
the fabricated parts together. The third layer of the DCS-ME
dipole consists of a 50-� microstrip line on the bottom and
a ground plane on the top plate, which were lengthened by
5 mm to support the coaxial 2.92-mm end-launch connector.

VOLUME 8, 2020 59357



M. B. Kakhki et al.: DCS-ME Dipole Antenna Loaded With SRRs

FIGURE 15. Measured and simulated normalized radiation patterns of the
DCS-ME dipole antenna loaded with SRRs in the E-plane at (a) 26, (b) 28,
(c) 30, (d) 33, (e) 35, and (f) 38 GHz.

The radiation pattern measurements were carried out in
a compact-range anechoic chamber as shown in Fig. 13.
A horn antenna was used as a transmitter at the focal point
of the reflector to convert the spherical waves to plane
waves towards the antenna under test (AUT) in the receive
mode. Due to the measurement system’s physical limitations,
the far-field measurements were carried out by moving the
DCS-ME dipole antenna alongwith the horn antenna in a lim-
ited angular range of−90◦ to+90◦ in the upper hemisphere.
The measured and simulated normalized radiation patterns
of the antenna loaded with SRRs in the H- and E-plane
at the frequencies of 26, 28, 30, 33, 35, and 38 GHz are
shown in Fig. 14 and Fig. 15, respectively. The results show
a stable radiation pattern in the entire frequency range, and
good correlation between the measured and simulated results.
In addition, the measured cross polarization and side-lobe
levels are less than -15 dB and -12 dB, respectively, over the
entire frequency band in the H-plane. The measured and sim-
ulated reflection coefficient of the DCS-ME dipole antenna
with and without the SRR layers are plotted and compared

FIGURE 16. Simulated and measured reflection coefficient of the DCS-ME
dipole antenna with and without the SRR layers.

FIGURE 17. Measured and simulated realized gain along with the
measured radiation efficiency as a function of frequency of the DCS-ME
dipole antenna.

in Fig. 16. An Agilent 8722ES S-parameter network analyzer
was used for the measurements. It can be observed that both
the measurement and simulation results are in general in good
agreement. The small discrepancy between the simulated and
measured results can be attributed fabrication and assembly
errors, such as misalignments between the various substrate
layers, and during the placement of the SRRs on top of the
antenna.

Measurements of the antenna gain with and without the
SRR layers in the Ka-band were carried out using the
gain-comparison method with a known standard-gain horn
antenna as a reference. Furthermore, the effect of connector
loss was taken into consideration from the measured magni-
tude of the insertion loss of the back-to-back transition pre-
sented in [1] for calculating the measured gain. Fig. 17 shows
the measured and simulated realized gain, along with the
measured radiation efficiency. It shows that the measured
gain of the SRR-loaded antenna, varies from 12.2 dBi to
14.2 dBi over the frequency range of 26-38.6 GHz. The
gain is significantly enhanced in the upper frequency band
with a peak gain of 14.2 dBi at 35 GHz, demonstrating a
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TABLE 1. Comparison of the proposed antenna with other works.

4.5 dBi gain improvement compared to the unloaded case.
The measured radiation efficiency is more than 80% over
the 26–37.5 GHz frequency band. The figure illustrates an
acceptable agreement between the measurement and simula-
tion results. The discrepancies can be attributed to fabrication
tolerances, dielectric losses, surface waves, and the effect of
the high-frequency end-launch connector.

The performance of the presented DCS-ME dipole antenna
is compared with the antennas implemented by different
technologies in Table 1. It can be seen that the DCS-ME
dipole antenna has a 40% 3-dB gain bandwidth and a 50%
impedance bandwidth, which is more than the impedance and
3-dB gain bandwidths of all the antennas presented in Table 1.
Most importantly, the total height of DCS-ME dipole antenna
corresponds to 0.58λ at 30 GHz, which is less than the
height of PRGW slot antenna based on PRS with 1.6λ at
60 GHz [15]. Furthermore, the DCS-ME dipole has larger
3-dB gain and impedance bandwidths compared to the quasi
curve reflector based on PRS, which has 12% and 24% gain
and impedance bandwidths, respectively [16].

VI. CONCLUSION
In this paper, a dual complimentary source magneto-electric
(DCS-ME) dipole antenna excited by a printed ridge gap
waveguide (PRGW) has been presented for wideband and
high gain mm-wave applications in the Ka-band. It has been
shown that by applying the DCS technique, the ME dipole
antenna can achieve better radiation characteristics than con-
ventional ME dipoles. Moreover, to improve the antenna
gain for operation over the Ka-band, SRR superstrates have

been used. A series of studies have been conducted to opti-
mize the superstrate size and the height of the separating air
gap. The fabricated DCS-ME dipole antenna operating at a
design frequency of 30 GHz demonstrates a low profile and
excellent performance, including an impedance bandwidth in
excess of 50%, from 24 to 40 GHz, a 3-dB gain bandwidth of
40%, with a measured peak gain of 14.2 dBi at 35 GHz, and
symmetrical cardioid radiation patterns with low cross polar-
ization levels. The proposed antenna is a good candidate for
5G applications, since it can meet future increasing consumer
demands and technical requirements for antennas with wide
bandwidths, high gain, low loss, compact size, and ease of
fabrication.
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