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ABSTRACT A wideband differential fed patch antenna with high cross-polarization discrimination is
proposed at mm-wave range. For the purpose of increasing antenna bandwidth, capacitive coupling technique
is used. Also, the differential feeding is utilized to ensure broadside radiation and low cross-polarization. The
designed antenna has an ultra-wide bandwidth of 55% around 30 GHz with S1; < —10 dB, and a peak gain
of 8 dBi. The radiation pattern has a cross polarization level less than —20 dB over the operating frequency
band. The differential feeding technique depends on equal power division and 180° phase difference for
all the antenna bandwidth. Due to the wide bandwidth of the differential feeding antenna element, two
designs of the feeding circuits (which include rat race and probe strip line transition) are used to cover
the whole frequency band of the antenna. A gain enhancement has been achieved by adding a horn to the
designed antenna with an efficient aperture efficiency. The designed antennas have fractional bandwidths of
28.73% (at center frequency 25.64GHz) and 26.3% (at the center frequency 32.2 GHz), for the lower and the
upper bandwidths, respectively. An average gain of 14.5 dBi has been achieved for the frequency band from
21.8 GHz to 36.5 GHz. The antenna performance is verified through fabrication and measurement, where

the simulated and measured results are in a good agreement.

INDEX TERMS Law cross polarization, differential feeding, wide band antenna, and hybrid antenna.

I. INTRODUCTION

Millimetre wave (mm-wave) band attracts a lot of atten-
tion in many applications such as wireless communications,
imaging, and automotive radar. The mm-wave band has a
wide bandwidth that can handle the growth of high data rate
requirements [1]. Due to mm-wave characteristics such as
high oxygen absorption and high free space propagation loss
[2]-[4], a wideband high gain antenna is required. In addition,
low cross polarization, and compact antenna is preferred for
mm-wave applications. Millimeter wave high gain antennas
can be used in back-haul communications, because it reduces
radiation in undesired directions and boost the wireless chan-
nel link budget [5].Also, high gain mm-wave antenna could
be used for automotive mm-wave sensors in order to improve
driver safety [6], [7].
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Microstrip patch antenna is known by its unique and attrac-
tive properties such as low profile, light weight, ease of
fabrication, and ability to be integrated with other devices
easily. On the other hand, it suffers from a low impedance
bandwidth and a low gain. Researchers have proposed many
techniques to increase patch antenna impedance bandwidth.
Patch antennas loaded by U, E or C slot shapes have a
wideband [8], [9]. This is a well-established technique where
the slots introduce other resonant frequencies that result in
a wide bandwidth. However, the resulted surface current
of patch’s high order mode affects the antenna’s directivity
severely. Another approach to increase the antenna bandwidth
is the usage of low permittivity substrate because charges in
low permittivity material have high ability to generate flux
in comparison with high permittivity material. High dielec-
tric constant antenna is known for small area and narrow
bandwidth in comparison with low permittivity antenna. In
addition high permittivity material increases dielectric loss
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[8], [10], [11]. In addition, increasing substrate thickness
with low dielectric constant is used to boost antenna perfor-
mance such as antenna bandwidth and radiation efficiency,
however this method increases the cross-polarization level
[8]. Another technique is the usage of differential feeding
to have a wideband performance, and a symmetric radia-
tion pattern which leads to low cross polarization [12], [13].
Also, a differential patch antenna is preferred in contrast with
the single feeding antenna when integrating with differen-
tial devices. Moreover, cross polarization’s radiation level
of differential feeding antennas is much weaker than single
feeding antenna whereas the co-polarized radiation level is
matched [14].

Henceforth, the main focus in this paper is on designing
a differential feeding antenna. Examples of previous works
are presented here. In [15], Liu ef al. presented a rectangular
microstrip patch antenna fed using a differential technique in
which the operating bandwidth is enhanced through the use of
the TM1p and TM3p modes simultaneously. The TM 19 mode
is shifted up by using four short pins while the TM3¢ mode
is shifted down by etching two long slots near the edges of
this rectangular patch and becomes close to the shifted TMq
mode. However, this work provides only 13% impedance
bandwidth, and an average gain of 6.4 dBi. Furthermore, the
antenna is air suspended which makes it hard to be fabricated.
Recently, Ahmed e al. [16] have used a differential feed-
ing TM30 rectangular patch antenna loaded by two slots to
achieve a high gain with low side lobe level. The two slots are
etched in the out-of-phase region in order to reduce the out-
of-phase surface current while keeping the in phase current.
Also, they add new radiation elements in phase with the origi-
nal antenna and hence enhance the gain. The antenna achieves
a gain of 12.8 dB with side loop level of only —12.7 dB. Yet,
the antenna has a bandwidth of 7% around 3GHz. In [17],
differential fed patch antenna arrays are designed to operate at
13 GHz centre frequency. The first array is designed based on
deploying the differential feeding to each element of the array
while the second array design applies the differential scheme
to the whole structure by feeding each pair of elements.
The first array has an impedance bandwidth of 15.3% and
10.41 dBi gain with —17.5 dB cross polarization. The second
array achieves a 12.32 dBi gain and a 12.8% impedance
bandwidth with —17 dB cross polarization. The main idea
of feeding pair of elements is to reduce the feeding network
losses and hence increases the gain with small effect on the
cross polarization level.

For increasing antenna bandwidth and gain simultane-
ously, the hybrid configuration technique is used. Generally
hybrid antenna consists of an active element, parasitic ele-
ment, and a metallic fence. In this technique, both the active
element, and the parasitic element have a different resonance
frequency that are slightly apart from each other, resulting in
a wide bandwidth. While the metallic fence (horn antenna)
is incorporated to increase the antenna gain [18]-[21]. This
technique has the advantage of having a high gain with low
profile antennas compared to conventional horn antennas. In
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[18], hybrid dielectric resonator antenna (HDRA) is designed
in which a circular patch antenna is used to excite a ring
dielectric resonator antenna and a conical cavity is also incor-
porated to improve the antenna gain. However, the designed
work achieved a gain of about 16.5 dBi with a —10 dB match-
ing bandwidth in the frequency band from 57 to 64 GHz.
Elboushi and Sebak [19] designed a hybrid antenna by using
a surface mounted conical horn with a circular patch antenna
in order to enhance the gain. They achieved a 12 dBi gain
and 10% bandwidth around 31 GHz. However, similar to [18]
and [19], it has a narrow bandwidth that is less than 12%. In
[20], a Fabry—Perot resonance antenna with two layer stacked
superstrate is used to feed a conical horn antenna operating at
a center frequency of 12 GHz. The design achieved 19.1 dBi
and 26%, peak gain and 3-dB gain bandwidth, respectively.
However the antenna’s aperture efficiency is 27%, which
is considered low. Another hybrid configuration consists
of a cross dielectric resonator antenna excited by a patch
antenna and surrounded by a rectangular horn is presented
by Nasimuddin e al. in [21]. However, a 21.3% impedance
bandwidth, and a gain better than 9 dBi at a centre frequency
of 6.8 GHz was achieved. Patch antenna can be fed using
gap coupling strip in order to enhance antenna bandwidth.
In this technique coaxial probe feeds a short strip, which is
used to excite the patch. The probe introduces an inductance,
the gap between the patch and the strip introduce a capaci-
tance, and the strip introduces radiation resistance. The three
elements produce extra new resonance circuit. As a result,
the patch and the coupling gap circuit create a dual resonance
frequencies. Moreover, coupling techniques allow the patch
to be excited only in a single mode operation, in which the
patch and the resonator are resonating, and suppressing other
harmonics [22].

The aim of this paper is to design a wideband broadside
low cross polarization antenna. Capacitive feeding technique
is used to enhance antenna bandwidth where two resonance
frequencies are generated. However the antenna radiation
pattern is not extreme in the broadside direction which has
a negative impact if the antenna arranged in an array form.
In order to deal with this issue, the differential and gap
coupling capacitive techniques are used for cross polarization
discrimination and bandwidth enhancement. The rectangular
strips are used in order to couple the exciting signal to the
radiated patch. Then, hybrid technique is employed for gain
incrimination.

The paper is organized as follows: In section II, the antenna
theory is discussed, followed by antenna design including sin-
gle capacitive coupling feeding technique, differential feed-
ing antenna design, and the hybrid antenna are presented
in section III. Section IV shows the experimental and the
simulation results of the proposed antennas. The article ends
with a conclusion in section V.

Il. ANTENNA THEORY
Exploiting of differential feeding features is related to
the understanding of the antenna field distribution. Patch
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FIGURE 1. Electric field distribution of patch antenna.

antenna’s E-field lines distribution can be expressed using
cavity model (TM1090 mode) with perfect magnetic conduc-
tor (PMC) walls surrounding the antenna, while exclud-
ing fringing field’s effect [8]. The antenna radiation pat-
tern can be expressed by two radiating slots separated
by the patch length(L). Each slot radiates as the same
field as a magnetic dipole [12]. Accordingly, the patch
field distribution has a cosine shape and uniform shape
along the antenna length and width, respectively as shown
in Fig. 1.

The desired field vector component is called co-polarized
field and the field vector that is normal to it is called cross-
polarized field. The cross-polarization is associated with the
fields on the none-radiating edges of the patch.

In case of single feed antenna, the field amplitude is not
symmetry along the antenna length and hence the cross polar-
ization field’s intensity becomes weak as moving away from
the feeding point which results in non-zero cross-polarization
field in the broadside direction. Accordingly, cancellation
of this asymmetry is the key factor for cross-polarization
suppression. There is one known way to cancel this difference
and it is done through feeding the antenna at the two ends
by the same signal with 180° phase shift. Due to equal-
ization of vector field intensity at both ends of the patch
antenna, symmetric radiation pattern is generated and cross-
polarization level is suppressed. Single layer patch antenna
is known by narrow bandwidth, so bandwidth incrimination
brings a challenging task in the design of patch antenna. Since
a patch antenna is considered as a RLC resonance circuit,
introducing another resonance frequency enhances antenna
bandwidth as in [23], [24]. For this purpose, a resonator
consists of a probe with a cap and a rectangular strip is
employed. The patch is excited in capacitive way through the
resonator, in which coupling gap width is adjusted to make
the two resonance frequencies close to each other in order
to have a wide matching bandwidth. The equivalent circuit
model of the proposed antenna is shown in Fig.2. The patch
antenna is represented by a resonator of R, L, C),, the feeding
probes at both sides of the patch antenna are represented
by Cr Ry Ly, and the coupling gaps are represented by a
7 network Cy1 Cyo Cy3 at each end. First, the feeding point,
Ly represents the probe inductance, Cr represents the probe
cap capacitance, and the cap radiation loss is represented by
Ry. Second, the capacitive coupling, C, represents the edge
capacitance between the patch and the rectangular strip ends,
C, represents the strip edge capacitance, and Cg3 represents
the patch edge capacitance.

VOLUME 8, 2020

IR

Feedpoint " Coupling 1 Antenna ' Coupling ' Feed point

FIGURE 2. Capacitive and differential feeding patch antenna equivalent
circuit.
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FIGURE 3. Configuration of the designed capacitive feeding patch
antenna. (a) Top view. (b) Side view.

Ill. ANTENNA DESIGN

A. SINGLE FEEDING ANTENNA DESIGN

This work presents the design of a rectangular microstrip
patch antenna fed by capacitive coupling. The antenna layout
is illustrated in Fig. 3. The microstrip patch antenna is placed
on a dielectric substrate (Rogers 5880, €, = 2.2 and thickness
= 1.575 mm). The capacitive coupling method is used to
enhance the antenna bandwidth, in which a rectangular strip
(resonators) is employed to generate another resonance fre-
quency. The rectangular strip is placed at a coupling gap dis-
tance (g) from one of the patch radiating edges, and connected
directly to the coaxial feeding probe. The probe position of
tradition patch antenna must be adjusted in order to find the
proper feeding point for good matching. However, in this
work, radiation pattern is not sensitive to probe position. The
antenna is designed and its parameter dimensions are shown
in Table 1.

The computer simulation technology (CST) software pack-
age is used to simulate the proposed antenna. The designed
antenna reflection coefficient and the gain are shown in Fig. 4.
The simulated matching bandwidth is 56.8% at 30 GHz which
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TABLE 1. Capacitive feeding patch antenna geometrical parameters.

Parameter Wpatch Lpatch Wsub Lsub Sstr‘ip
Value (mm) | 1.5 6.1 10 8 0.15
Parameter Lstm’p g R sub deoax deoax2
Value (mm) | 0.5 0.15 1.575 0.5 1.15

5 - T T T 8

Reflection coefficient (dB)
Gain (dBi)

20 25 30 35 40 45
Frequency (GHz)

FIGURE 4. Patch antenna reflection coefficient and gain.

is wider than regular patch antenna. In general, low gain is one
of the patch antenna drawbacks, the simulated realized gain
is 6.5 dBi at the center frequency. Fig. 5 shows the co-polar
and the cross-polar radiation patterns at (¢ = 45°) for four
different frequencies using Ludwig III definition. The 45° cut
has been chosen because it shows all the radiation pattern
information and according to the Body of Revolution (BOR)
theory, the peak level of cross-polarization is at 45° [25].
Therefor, the whole radiation pattern of the desired antenna
can be reconstructed from 45° cut in E and H plane. Fig.5
shows minimum cross-polarization of about —8 dB. The
radiation pattern of the antenna is asymmetry in the E-plane
due to the drawback of the single feeding. Furthermore, the
antenna main lobe is tilted with frequency ([—14° + 7°]);
this tilt should be taken into account in case of designing
an array antenna. Fig .6. shows the antenna 3D radiation
pattern at 28GHz, that clarify the tiled beam. The working
principle can be explained by the electric field distribution
shown in Fig. 7. The solid arrows show that, the synthetic
electric vector on the coupling edge is along x-direction and,
hence, x-polarization is introduced. The electric field density
of capacitive feed antenna is concentrated more at the feeding
edge in comparison to the far end. This is the drawback
of using single feed antenna, which cause beam tilting in
addition to high cross-polarization.

The typical goal of this parametric study is to show the
effect of specific parameters of the designed antenna on the
gain and the impedance matching bandwidth (s11<10dB).
The selected parameters that related to the capacitive feeding
part are Lyyip, Ssrip, and g. The effect of Ly, is shown
in Fig. 8 where the gain and the matching are improved at
high frequencies as Ly, decreases. Fig. 9 shows the effect
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FIGURE 5. Co and cross polar radiation pattern (¢ = 45°).
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FIGURE 7. E-field distribution of single feed patch antenna.

of Syrip, where there is very small effect on the antenna
gain. However, the bandwidth is inverse proportional to the
Ssurip length. The effect of Sy, and Ly, referred to that,
increasing Sgyip Or Lyyjp increases the capacitance and hence
shift the resonance frequency of the feeding part toward the
patch resonance and decrease the overall bandwidth. Fig. 10
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FIGURE 10. Parametric study of coupling gap distance on (a) antenna
gain (b) antenna matching bandwidth.

shows the effect of the coupling gap. At low frequency band,
the gap coupling does not affect the antenna gain. However, a
small shift in the resonance frequency of the patch is observed
toward the lower frequency band when decreasing the gap
distance. While, at high frequencies, the antenna gain and
bandwidth increases when the gap coupling decreases.

B. DIFFERENTIAL FEEDING ANTENNA DESIGN

In this subsection, the patch antenna is excited deferentially
at both radiating ends. This technique is used to overcome the
tilting in the radiation pattern and the high cross-polarization
level presented in the previous design. The differential feed-
ing is achieved by adding another capacitive feeding strip at
the other end of the patch antenna, physical symmetry of the
feeding points’ location should be extremely considered. The
antenna is designed on the same substrate and its layout is
shown in Fig. 11, and its dimensions are presented in Table 2.
Fig. 12. shows the antenna simulated reflection coefficient
and gain, in which a wide bandwidth is achieved (more than
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FIGURE 11. Differential feeding antenna. (a) Top view (b) Side view.

TABLE 2. Optimized geometrical parameters for the differential feeding
patch antenna.

Parameter Wpatch Lpatch Wsub Lsup Sstrip
Value (mm) | 0.72 3.1 10 8 0.2
Parameter Lotrip | 8 hsub | decoaz | dcoax2
Value (mm) | 0.5 0.15 1.575 | 0.4 0.4

Gain (dBi)

Reflection coefficient (dB)

20

=25 ’ : : -5
20 22 24 26 28 30 32 34 36 38 40

Frequency (GHz)

FIGURE 12. Capacitive differential feeding patch antenna reflection
coefficient and gain.

55% at 30 GHz). Moreover, the antenna gain is increased to
reach 8 dBi instead of 6.5 dBi for the single feeding antenna.
Fig. 13. shows the 3D radiation pattren of the differential
feeding antenna, which is symmetrical more than the single
feeding antenna.

The antenna E-field distribution is presented in Fig.14. The
solid arrows show that the synthetic electric vector on the
coupling edges is along the x-direction and co-polarization
is introduced. The electric field’s distribution density are
equal in value and symmetrical with respect to both xz and
yz-planes. The excitation through both ends of the patch
antenna differentially generates two different voltage pols (+v
and —v). The pols at the coupling gaps generate symmetric
electric fields in the same direction, moreover the electric
field distribution along the x-axis are uniform. The fields
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FIGURE 13. 3D radiation pattern of differential feeding antenna at
(f = 32 GHz).
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FIGURE 14. E-field distribution of differential feeding antenna.

orthogonal to yz-plane construct the co-polar radiation patter,
whereas the fields orthogonal to xz-plane produce the cross-
polar radiation pattern; these fields are opposite in direction,
so the resulted cross-polar in the far field region is zero along
yz-plane.

Fig.15 shows Ludwig III Co and cross polar radiation
patterns of the differential feeding antenna (¢ = 45°) for
four frequencies, which covers the whole operating band.
The differential feeding technique has a positive impact on
the radiation pattern compared to the single antenna feeding,
in which Fig.15 indicates a high level of symmetry of the
radiation pattern and lower cross-polarization level compared
to the single feed antenna as well. Moreover the radiation
pattern is broadside with no tilting angle, while the radiation
pattern of single feed antenna is tilted about 14°. In terms of
antenna realized gain, the differential feeding antennas has a
bit higher gain.

C. DIFFERENTIAL FEEDING DESIGN

The feeding circuit is implemented by employing a strip rat
race coupler, which is used to feed two probes (+v and-v) by
an equal amplitude and out-of-phase signals. The transition
from the strip line to the antenna probe and the strip line rat
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FIGURE 16. Rate race and transition line configuration.

race coupler are designed as shown in Fig.16. This feeding
circuit is considered as the candidate choice because it is
easily fabricated, no radiation loss, and inexpensive com-
pared with conventional waveguide. The transition circuit is
shielded using vias around the probe and the strip line to
prevent leakage. The shielding technique is designed based
on two factors, the via radius d,;, and the distance between
the two adjacent vias s,;,, similar to the substrate integrated
waveguide technique [26], [27].

)\'8
dvia =< ? (1)
Svia < 2dyiq (2)

The isolated port of the rat race coupler, usually, is ter-
minated with a matched load. Basically, the matched load
is a 502 lumped element which is not easy to fabricate in
mm-wave band. In the designed coupler, the isolation level
is better than 15dB, henceforth, this port is removed without
affecting the rat race behavior. The rat race coupler has almost
equal power division in a limited bandwidth. In order to have
a good differential feeding, this limitation forces us to divide
the antenna operating bandwidth into two bands, which are
(22 to 30) GHz and (30 to 38) GHz. Therefore, there is two
values for the radius of the rat race depending on the operating
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TABLE 3. Optimized geometrical parameters for the rat race and the
transition component.

Parameter dvia | Svia | dshietd | drat Wrat | Wiine
Value (mm) | 0.15 | 0.3 1.4 24-32 | 0.2 0.45
0 Z360 : <
...... N . \,
- 5318 \\ b A
g 2 N
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FIGURE 17. Rat race and transition circuit for the lower band (a)

S-parameters (b) phase response.

<

B

=

S-parameters (dB)

FIGURE 19. Hybrid antenna configuration.

TABLE 4. Horn antenna parameters.

Parameter Lap Wap Rhorn | Wease | lbase
Value (mm) Ant. 1 | 23.95 | 23.95 | 11.37 8 11.3
Value (mm) Ant. 2 | 23.95 | 23.95 | 12 8 12

5 e . 2180 N
Sl ; 2 . "~ R
20 - v S 2 . i w—ry
‘\\ K Rt E 90 ' Szl
----- S ==-=Z
= v 2T a5 o o
_S3| & . i |—z SZl Zz S“)
-30 ZI) =
300 32 34 3 38 4 300 32 34 36 38 4

Frequency (GHz) Frequency (GHz)
(@ (b)

FIGURE 18. Rat race and transition circuit for the upper band (a)
S-parameters (b) phase response.

frequency. A radius of 1.6 mm is used for the lower frequency
band and a radius of 1.2 mm is used for the higher frequency
band. Dimensions of the rat race and the transition part are
presented in Table 3. The simulated reflection coefficient
amplitude and phase of the feeding circuit including the rat
race and the transition are shown in Fig. 17 and Fig.18 for
two operating bands. The figures indicate that S1; < —15dB
for the whole operating band of the antenna, and equal power
division with 180°phase difference.

D. HYBRID ANTENNA

The proposed wideband antenna can be used to achieve a
high data rate at mm-wave band. However, due to mm-wave
characteristics, a high gain antenna is also required. One way
to increase antenna gain is by employing a horn antenna on
top of the designed antenna. The proposed horn antenna is
designed based on the equations in [28], where the phase
error coefficients: t, and s values are chosen as 0.375 and
0.25, respectively, for the optimum horn design. The follow-
ing equations shows the t and s are function of the antenna
geometric parameters A, B, Ry, and R».

A? B?
t = S =
8AoR| 8AoR2

where A and B are the dimensions of the horn antenna aper-
ture and R and R, are the dimensions from the horn aperture

3
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to the phase center in the E and H-planes. The antenna gain
is determined by the following equation.
4
G= 8ap —2AB
Ao

“

where the aperture efficiency &, is taken as 51 %. Finally
we get the following design equation for and optimum horn
antenna.

2
3( GA2 3GA2
= o] - 0A4b = A* — aA® 5)
2 \4megp 8megp

The horn design parameters are first calculated based on
having a gain of 15 dBi at the center frequency and the values
of the inner feeding aperture is 8 x 8 mm? ( the patch antenna
size). Since the inner feeding aperture controls the designed
horn antenna, the antenna parameters have been optimized
to get good impedance matching and high gain. The resulted
hybrid antenna configuration can be seen in Fig.19, and it is
associated dimensions are listed in Table 4.

FIGURE 20. Prototype antennas at frequency range (a) f = (21.8-29)GHz,
(b) f = (29-36.5)GHz.
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FIGURE 21. Antenna radiation pattren measurements setup.
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FIGURE 22. Hybrid antenna reflection coefficient and gain.

IV. RESULTS AND DISCUSSION

Prototype of the proposed antennas are fabricated using
PCB multi-layer technology, while the horn part has been
made using four pieces of coppers and assembled by con-
ducting tape then soldered together. Two prototypes for the
frequency range (21.8-29.3) GHz and (28-36.5) GHz are
shown in Fig. 20. The programmer network analyzer (PNA
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FIGURE 23. Hybrid antenna reflection coefficient and gain.

TABLE 5. Table of comparison.

Refrence No | f(GHz) | Gain (dBi) | BW(%) | Aperture efficiency(%)
[18] 62 16.5 11.23 47

[19] 31 12 10 89

[20] 12 19.1 26 49.3

[21] 6.8 9 21.3 59

Proposed(1) 25.6 15 28.7 60

Proposed (2) | 32.2 15 26.3 38.1

N52271A) is used to measure the reflection coefficients, and
the Anechoic chamber is used to measure antenna’s radiation
pattern and gain.

Fig. 21. shows the radiation pattern measurements set up in
the chamber. The measured S11 and gain are shown in Fig. 22.
and Fig. 23 along with the simulated results for the frequency
range (21.8-29.3)GHz and (28-36.5)GHz, respectively. The
maximum realized gain of the first design (21.8-29.3 GHz)
is 15.2 dBi, and the (S;; < —10 dB) is 28.73%. The
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FIGURE 24. Co and cross-polar E-plane radiation pattern of hybrid antenna at frequency range (21.8-29)GHz.
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FIGURE 25. Co and cross-polar E-plane radiation pattern of hybrid antenna at frequency range (29-36.5)GHz.
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FIGURE 26. Co and cross-polar H-plane radiation pattern of hybrid antenna at frequency range (21.8-29)GHz.

second design (29-36.5 GHz), has a maximum realized gain antenna has wider bandwidth and acceptable gain. Moreover

of 15.5 dBi and return loss bandwidth is 26.3%. the designed antenna in [15] is air suspended which made it
A comparison among related reported antennas and this hard to fabricate.
work is divided into two themes. Theme I, comparing the In theme II, a comparison in terms of hybrid antenna is

differential antenna with works in [15]-[17], the differential listed in Table 5. Hybrid antenna techniques has been used
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FIGURE 27. Co and cross-polar H-plane radiation pattern of hybrid antenna at frequency range (29-36.5)GHz.

for increasing antenna gain. This work has some advantages
compared to other designed antennas in which capacitive
and differential feeding techniques are used. The differential
feeding antenna provided low cross-polarization, and low
side lobe level. Moreover, the matching bandwidth has been
enhanced compared to the reported works. Work in [20] is
two layers stacked superstrates combined with horn antenna
to boost the antenna gain, which make it bulky. In [21] a
patch antenna excites a dielectric resonator to feed the horn
antenna is used. However, the resulted antenna gain is just
9 dBi. Fig. 24 and Fig.25 show the simulated, and mea-
sured co-polar and cross-polar radiation patterns of the hybrid
antenna in the E-plane, at the frequency ranges (21.8-29)GHz
and (29-36.5)GHz, respectively. While, Fig. 26 and Fig. 27
present the simulated, and measured H-plane radiation pat-
tern of the hybrid antenna. The measured results are obtained
but it covers just 180° because of measurements facilities
limitations. The cross-polar radiation is very weak that indi-
cates the positive impact of the differential feeding technique.
The simulated and the experimented results are in a good
agreement, in which the highest cross polarization level is
—30 dB. The slight deviation between the measured and sim-
ulated results may come from the change of the permittivity
at high frequencies, as the used material permittivity is given
at 10 GHz. Also, the fabrication accuracy could cause some
errors.

V. CONCLUSION
In this paper, the differential feeding and capacitive feeding
techniques are implemented on the patch antenna design.
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The patch antenna is fed using capacitive technique to
increase the antenna bandwidth, and also the differential
techniques is used to decrease the cross polarization level. Rat
race coupler and coaxial to strip line transition are designed as
well for feeding purpose. The antenna simulated bandwidth
is 55% at 30 GHz. Finally, a horn antenna is employed on
the top to have a high gain antenna that overcome the high
path losses at mm-wave range. The designed hybird antenna
achieves a total bandwidth of 50.5% and maximum gain of
15.5 dBi. Due to the wideband of the single antenna element,
the antenna can be used for indoor wireless communication
and medical imaging. The Proposed hybrid antenna offers
wide bandwidth and sufficient gain, so it can be used for many
applications such as automotive radar and outdoor wireless
communication.
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