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ABSTRACT A dual linearly-polarized (LP) high-order-mode antenna with high gain and high isolation
is proposed for 5G millimeter-wave (mm-wave) applications. To obtain high gain and wide bandwidth, a
2 x 2 slot-fed magneto-electric (ME)-dipole antenna elements are excited by a high-order-mode TM43¢
cavity. Two substrate integrated waveguide (SIW) feeding networks that are vertically arranged in the bottom
layers are employed to feed the high-order-mode cavity antenna for a double capacity, high isolation and
low transmission loss. Moreover, an 8 x 8 antenna array is fed by a pair of compact modified H-shaped
full-corporate SIW networks. Measurement results show that an overlapped frequency bandwidth of 14.6%
(36.8-42.6 GHz) with a peak gain of 25.8 dBi and an isolation of greater than 45 dB for the 8 x 8 dual
LP antenna array are achieved, which guarantee reliable high-speed data transmission and anti-interference
capacity for 5G communications.

INDEX TERMS Dual polarized, high-order mode, 5G millimeter-wave applications, high gain, high

isolation.

I. INTRODUCTION

Millimeter-wave spectrum that spans very wide bandwidth
has been officially allocated as one of frequency resources for
the fifth generation (5G) mobile communications [1]. Among
them, frequency bands of 37-42.5 GHz are relatively wider
than other ones and hence are chosen as the high frequen-
cies for mm-wave communications by Chinese Ministry of
Industry and Information Technology [2]. As the stringent
requirements such as high capacity, high-speed data trans-
mission, and strong anti-interference ability need to be met
for 5G communication system, where the antenna is a vital
component that should be characterized by dual polarization,
wide bandwidth, high gain and high isolation [3]. In addition,
in order to be widely used in practice, antenna cost is a very
important aspect in design consideration. Low-transmission-
loss microstrip antenna with low cost is one of the most
desirable options in mm-wave antenna deisgn [4].
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As is well known, mm-wave suffers from high atmosphere
propagation loss that has severe impact on reliable data
transmission. To address this problem, high gain in a wide
bandwidth is desired for mm-wave antenna. A great number
of high-performance designs have been proposed in the past
years. A 4 x 4 array composed of complementary ME-dipole
antenna elements is excited by a low-loss T-junction SIW
feeding network, a gain up to 19.6 dBi and a wide bandwidth
of 22.6% can be simultaneously achieved [5]. Furthermore,
a 4 x 4 array composed of cross patch elements that are
surround by rectangular cavities is fed by a slotted SIW
network, a peak gain up to 21.4 dBi in the frequency bands
of 56-63.1 GHz is realized in [6]. However, both of them
only realize a single polarization, which cannot enhance the
system capacity with a compact size. Instead of a metallic
patch, a square dense dielectric patch antenna using fre-
quency selective surface (FSS) superstrate layer is excited
by an aperture-coupled feeding network [7]. High gain of
17.78 dBi at 28 GHz with a 9% bandwidth can be attained.
Nevertheless, as there is a large air gap of about 5.4 mm
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FIGURE 1. Geometry of the 2 x 2 dual linearly polarized antenna array.

between the radiating patch and the FSS superstrate layer, the
antenna profile becomes high. In [8], bow-tie radiators are
arranged to cross each other and fed by tilting feed-lines with
30°, resulting in high gain of 11.8-12.5 dBi over the frequency
range of 57-64 GHz. Compared with conventional radiator,
its radiating structure is relatively complicated. On the other
hand, higher-order-mode cavity-backed antennas that they
may yield wide bandwidth, high gain and high radiation
efficiency without sacrificing size have drawn considerable
interest in recent years [9]-[12]. Their outstanding character-
istics demonstrate higher-order-mode cavity as an effective
way to improve gain and other electrical performances.

In addition, isolation that indicates anti-interference ability
is another key indicator for compact dual polarized mm-wave
antennas. For this goal, several works with effective means
were proposed recently. In [13], by etching U-shaped slots
below a pair of vertically arranged feedlines, circulating cur-
rent is yielded resulting in isolation up to 38.6 dB. By using
an second bandgap in mushroom electromagnetic bandgap
(EBG) structures, a high isolation of 40 dB can be achieved
between transmitting and receiving microstrip array anten-
nas [14]. A low-pass filter resonant cell is connected in series
to the feedline for suppressing frequency signal [15]. Con-
sequently, the channel isolation between the shared-aperture
antennas reaches 65 dB. Among the above-mentioned typical
methods, adopting filter structure and etching slots aside the
feedlines may cause decrease of antenna gain, whereas there
is a space limitation between the vertically arranged feed-
lines. Therefore, new means with high isolation are in urgent
need for designing mm-wave antenna to cater for multiple
high-performances.

As discussed above, the characteristics including high gain,
high isolation across the whole wide bandwidth are the
most important indicators for 5G mm-wave dual-polarized
antenna. For achieving these goals, a dual LP high-order-
mode mm-wave antenna with high gain and high isolation is
proposed in this paper. Inspired by the ME-dipole antenna in
[16], a high-order-mode cavity with TM430 mode is employed
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TABLE 1. Geometrical parameters of the 2 x 2 antenna subarray
(Unit: mm).

Parameter Fa1 Fao Fyy Fyo L1 Lo L3 La
Value 6.36 |23 6.3 2.35 426 266 |295 |2.18
Parameter | Lg Lso | Py1 | Puwo Sa Sh Wo Wy
Value 592 16.88 1.86 1.8 14 12.5 0.2 0.3
Parameter Wo Qeg h Dy Sy Dy
Value 0.4 4 0.787 | 0.86 0.7 0.4

to excite a 2 x 2 slot-fed ME-dipole antenna subarray,
resulting in high gain and wide bandwidth. Different from
[16], the high-order-mode cavity is employed and fed by two
vertically arranged slotted SIW feeding networks. By doing
s0, double capacity and high isolation are achieved without
extra feeding networks. To further achieve high gain,an 8 x 8
antenna array fed by a pair of compact modified H-shaped
full-corporate SIW networks is also proposed. Compared
with the previously proposed dual-polarized mm-wave anten-
nas, the proposed antenna array can achieve both high gain
(25.8 dBi) and high isolation (45 dB) in a wide frequency
band (36.8-42.6 GHz) by using a simple structure, which
ensures the reliable high-speed data transmission and anti-
interference capacity for 5G communications.

Il. DUAL LINEARLY POLARIZED ANTENNA

A. 2 x 2 DUAL LINEARLY POLARIZED

SUBARRAY ANTENNA

Fig. 1 and Table 1 show a detailed configuration of the
proposed 2 x 2 dual LP subarray and its corresponding
dimensions, respectively. To achieve high fabrication pre-
cision, the proposed antenna subarray is fully printed on
four-layer Rogers RT/duroid 5880 substrates (¢, = 2.2 and
tand = 0.0009) with each-layer thickness of 0.787 mm, as
shown in Fig. 1(a). Two slotted SIW feeding networks are
vertically arranged on the bottom layers (Substrate 3 and
Substrate 4), respectively. Notably, a flat slot is etched in
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FIGURE 2. E-field distributions of the SIW feeding networks.

the center of the SIW on Substrate 4, while another cross
slot is etched in the same place on Substrate 3. Thus, they
independently couple signals to the upper layer cavity with
high isolation. Here, the widths of short-end sections of the
SIW in Substate 4 change from a., to Fp1, which results
in good impedance matching and determines the antenna
resonant frequency range. The case is the same in Substate
3. A high-order-mode resonant cavity etched with four cross-
shaped slots is introduced in Substrate 2. In this way, the
signal coupled from the bottom two slotted SIW networks is
equally divided into four ways without extra feed network
and increasing size. On the top substrate (Substrate 1), four
complementary ME-dipole antenna elements are fed by the
corresponding cross-shaped slots in the Substrate 3, respec-
tively. Unlike the conventional dual LP ME-dipole antenna
[17], there is a cross-shaped strip connecting the adjacent
radiating electric dipoles whereas four metal columns are
used to replace the shorted walls of the magnetic dipoles. In
this case, good impedance matching as well as compact size
can be realized by the proposed ME-dipole antenna element.
In addition, due to the combination of the ME-dipole antenna
and the cavity, high gain can be also stablized in the desired
frequency bands.

Fig. 2 displays the E-field distributions on SIW cavity feed-
ing networks excited by Ports 1 and 2. As seen in Fig. 2(a),
when Port 1 is excited, the horizontal part of the cross slot
in Substrate 3 forces the E-field not to move forward, and
hence the E-field intensity along its horizontal part becomes
stronger. By contrast, as shown in Figs. 2(b) and 2(c), exciting
Port 2 leads to stronger E-field intensity along the vertical
flat slot in the SIW cavity in Substrate 4 and it goes over the
vertical flat slot, whereas E-field distribution can be barely
found on the horizontal part of the cross slot in Substrate
3. That is to say, the horizontal part of the cross slot in the
Substrate 3 and the vertical flat slot in the Substrate 4 work
independently, resulting in the very weak mutual coupling
between the Ports 1 and 2.

To better understand how the high-order-mode cavity
works, its E-field distributions for both ports at different fre-
quencies are depicted in Fig. 3. As observed, they all operate
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36.4 GHz

40 GHz 42.6 GHz

FIGURE 3. E-field distributions of the TE;3¢ high order mode cavity.

with TE430 even though the electric field intensity changes
as the frequency increases. For brevity, only the E-field dis-
tributions of Port 1 are discussed here. The E-fields on the
neighbouring resonant points exhibit the same amplitude but
the opposite phase. Notably, the direction of E-field is marked
with “+" sign when the corresponding current flows towards
the center of each resonant point. In contrast, it is marked with
“—" sign when the corresponding current flows outwards the
center of each resonant point. In our design, each dual LP
antenna element is excited by one cross-shaped feeding slot,
and it is expected that each antenna element is excited with
same phases and amplitudes to obtain the uniform radiation.
Because of the symmetric structure of the proposed dual
LP ME-dipole element, the radiation directions of the four
ME-dipole elements are always the same regardless of their
arrangement. As a result, the high-order cavity can provide 4-
way uniform excitations with high directional gain. In addi-
tion to that, low loss and compact size can be achieved as
there is not any extra SIW network.

The initial cavity length (i.e. Sp) can be calculated by
the resonant frequency of the high-order-mode cavity (f,p)
as [18]:

o 7 7 D
I (R L N S
fmnp 2\/5 aeqz beq Ceq

d d?

Geg = Sp1 — 1.08—2L 4 0.1 (1)
N Shy
dé 0.1 dy
beg = Spp — 1.08— 4+ 0.1—
“ S, Sk

where ¢, is the permittivity of the substrate, m, n and p
stand for the numbers of variations in the standing wave
pattern along the x-, y-, and z-axis directions, and a,4, b.4, and
Ceq Tepresent the length, width and height of the equivalent
resonant cavity, respectively. In addition, parameters d, and
S, are the diameter of metallic vias and distance between
the adjacent vias, respectively. In our case, m = 4, n = 3,
p=0,S, = Sp = Sy, and the resonant frequency f430
is selected for 39.5 GHz (center resonant frequency of the
desired frequency band). Combined with the above factors,
the calculated initial length of the cavity S, is equal to 14 mm.
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FIGURE 4. Current distributions on the 2 x 2 dual LP ME-dipole antenna
subarray in the high-order-mode cavity for Port 1.
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FIGURE 5. Simulated S-parameters and gains of the proposed 2 x 2 dual
LP antenna subarray and compared antenna subarray.

Fig. 4 shows the current distributions on the 2 x 2 ME-
dipole antenna subarray in the high-order-mode cavity for
Port 1. At the lower frequency of 36.4 GHz, the total cur-
rents for subarray (in red) mainly flow along the downward
direction at both t = 0 and t = T/4, then they redirect upward
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FIGURE 6. Simulated radiation patterns of the 2 x 2 dual LP antenna
subarray at 37 and 42.5 GHz for both ports.

TABLE 2. Simulated radiation performance of the 2 x 2 dual LP antenna
subarray at different frequencies.

Port 1
Parameter
XOZ-plane YOZ-plane
Frequency |HPBW | X-pol FBR |HPBW | X-pol FBR
(GHz) (deg) | (dB) (dB) | (deg) | (dB) (dB)
37 36 -29.8 32 48 -32.8 32
42.5 28.8 -28 26.1 28.4 -36.1 26.1
Port 2
37 48 -28.8 29.7 33 -33.1 29
425 26 -27.2 27.1 28 -33.1 27.1

atboth t =T/2 and t = 3T/4. The current directions at 40 GHz
are opposite to the ones at 36.4 GHz, whereas the current
directions at 42.6 GHz are the same to that at 36.4 GHz.
In other words, Port 1 excites the vertical linear polarization.
Due to the symmetry, the condition of Port 2 is similar to
that of Port 1 and it excites the horizontal linear polarization.
In order to analyze the working principle of the high gain
caused by ME dipole, the current distributions on the upper-
left-corner ME dipole antenna element at 40 GHz are also
plotted (in black). As observed, the current directions on the
ME dipole antenna are the same to the antenna subarray.
Notably, the current intensity is weak at t = 0 and then
enhances at t = T/4. Similarly, the current intensity becomes
weak at t = T/2, and it enhances again at t = 3T/4. It can be
inferred that the electric dipole and the magnetic dipole work
in turn, resulting in complementary radiation pattern with
high gain.
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FIGURE 7. Simulated radiation patterns of the 2 x 2 dual LP antenna
subarray with H-shaped feeding networks at 40 GHz for both ports.
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FIGURE 8. Geometry of the 8 x 8 dual linearly polarized antenna array.

TABLE 3. Geometrical parameters of the 8 x 8 antenna array (Unit: mm).

Parameter | SS Fg1 | Fao | Fas | Fya Fi1 Fio Fo
Value 14 2 1.92 |2.05 202 [3.01 |6.26 |043
Parameter | L,1 | Lr2 |Wy1 |[Wyra [Wys | Su Dy | my
Value 1.45 0.2 3.18 3 6.3 0.7 0.4 0.2

Fig. 5 shows the simulated S-parameters and gains of the
proposed 2 x 2 dual LP antenna subarray and compared
antenna subarray, which are the key performances for dual
LP antennas. As shown in Fig. 5(a), the proposed overlapped
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FIGURE 9. Photographs of the 8 x 8 LP antenna array prototype.
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FIGURE 10. Performance of the T-junction of the H-shaped power divider.

impedance bandwidth between both ports (|S71] < —10 and
[S22| < —10) is 15.7% from 36.4 GHz to 42.6 GHz with
corresponding gain of 13.29 4 1.59 dBi. The bandwidth can
cover the desired frequency band (37-42.5 GHz, in yellow
color) and the gain is relatively stable. In addition, |Sy1]| is
below —43 dB across the desired frequency band, indicat-
ing low mutual coupling between both ports. As shown in
Fig. 5(b), a conventional 2 x 2 dual LP antenna subarray
fed by H-shaped networks is used for comparison. As seen,
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there is hardly any change in the compared gains, whereas
the overlapped impedance bandwidth between both ports
becomes slightly narrow and the |S21| gets obviously worse
(£—26 dB). In other words, the high gain is mainly yielded
by the ME-dipole antenna due to its complementary charac-
teristics, whereas the impedance bandwidth is enhanced by
the high-order mode cavity.

The corresponding radiation patterns and characteristics at
37 GHz and 42.5 GHz for both ports are exhibited in Fig. 6
and Table 2, respectively. For port 1 at 37 GHz, the half
power beam width (HPBW), cross polarization level (X-pol),
front-to-back ratio (FBR) are 36°, —29.8 dB and 32 dB,
respectively, in XOZ-plane, while they are 48°, —32.8 dB and
32 dB, respectively, in YOZ-plane. At the upper frequency
of 42.5 GHz, they are 28.8°, —28 dB and 26.1 dB, respec-
tively, in XOZ-plane, and 28.4°, —36.1 dB and 26.1 dB,
respectively, in YOZ-plane. In general, they exhibit low X-pol
level and high FBR. The HPBWs are not excessively narrow
owing to the relatively small number of antenna elements.
They are nearly the mirror images between both ports due to
the symmetric structure. In order to obtain good impedance
bandwidth, the horizontal and vertical gap widths of the 2 x 2
antenna array are unequal. Consequently, the radiation pat-
terns are not exactly the same in the XOZ- and YOZ- planes
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FIGURE 12. Performance of the 8 x 8 dual LP antenna array.

for both ports. As shown in Fig. 6, at the lower frequency of
37 GHz, the HPBW in XOZ-plane of Port 1 is similar to the
one in YOZ-plane of Port 2, while the HPBW in YOZ-plane
of Port 1 is similar to the one in XOZ-plane of Port 2. Notably,
the HPBWs in XOZ-plane and YOZ-plane of the same port
are different. As the frequency increases, the HPBWs in both
planes of the two ports become narrow and they have nearly
the same values.

In comparison, Fig. 7 shows the radiation patterns of
the compared antenna subarray fed by H-shaped networks.
Because the coupling slots of H-shaped network are arranged
in the four corners, the gap widths between the four ME-
dipole antenna elements become large. Consequently, the side
lobe level gets large and the main beam divides into three
parts. Therefore, without high-order-mode cavity, both the
S-parameters and the radiation patterns deteriorated.

B. 8 x 8 DUAL LINEARLY POLARIZED ARRAY ANTENNA

To achieve higher gain for reliable high-speed data transmis-
sion, an 8 x 8 dual LP antenna array is designed. Detailed
configuration and size are shown in Fig. 8 and Table 3, respec-
tively. For verification purpose, its corresponding antenna
prototype is also fabricated as shown in Fig. 9. As the
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antenna array has a multi-layered geometry, the possible air
gap between the PCB substrates may affect the characteris-
tics of the fabricated prototype. To solve this problem, four
screws arranged in each corner of the stacked substrates are
employed to reduce the side effect of the air gap. In addition,
during the fabrication process, the feeding networks are pre-
cisely aimed at the radiating ME-dipole radiators, which can
further reduce transmission loss.

From bottom to top, the proposed 8 x 8 antenna array
are comprised of two vertically arranged modified H-shaped
feeding networks in substrates 3 and 4 (as shown in
Figs. 8(c) and 8(d)), 4 x 4 high-order-mode cavities in

substrate 2 (as shown in Fig. 8(b)) and 8 x 8 cavity-
backed ME-dipole antenna array in substrate 1 (as shown in
Fig. 8(a)), respectively. For low cost and stability consider-
ations, the four substrates with each-layer 0.787 mm thick
are stacked to form the proposed antenna array, as shown in
Fig. 8(e).

In order to provide 1-to-4-way equal power allocation,
each H-shaped power divider consists of two-level T-junction
SIW feeding networks that are shown in Figs. 8(c) and 8(d).
Because of phase difference of 180° between the four high-
order cavities in row 1 and the ones in row 2 (it is similar
between row 3 and row 4), the phase of feed ports in the lower
row needs to fall behind that in the upper row by the same
180°. Here, by the adding the length of the SIW of the lower
row (for example, Fj, is longer than Fj), all the antenna
elements are fed by the same phase and uniform amplitude,
resulting in uniform radiation and high gain. For a perfect
T-junction (1-to-2-way power divider), the S-parameters of
each outport (P1 and P2 (as shown in Fig. 10(a))) should be
larger than —3.5 dB and nearly identical [19].

Fig. 10(a) shows that |S11| is below —18 dB in the
desired frequency bands, while both |Si3| and |Si3| are
larger than —3.5 dB and almost the same. As shown in
Fig. 10(b), the phase difference between output ports (P2 and
P3) increases with the increase of difference value (Fjp —
Fi1). When the difference value (Fj — Fjp) is equal to
3.25 mm, the phase difference between output ports falls
within 180 =+ 18°, which is acceptable for engineering
applications.
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TABLE 4. Radiation performance of the 8 x 8 dual LP antenna array at different frequencies.

Port 1 Port 2
Parameter
XOZ-plane YOZ-plane XOZ-plane YOZ-plane
Frequency HPBW |[Sidelode [X-pol |[FBR [HPBW |[Sidelode |[X-pol [FBR [HPBW [Sidelode |X-pol [FBR [HPBW [Sidelode [X-pol [FBR
(GHz) (deg) | @B) |(B) |dB) |(deg) | (dB) |(dB) |(dB) |(deg) | (dB) |(dB) [(dB) |(deg) | (dB) |(dB) |(dB)
37 (Simulated) 7.4 -12.5 |-304 |31.8 | 7.5 -9.7 -47 1304 | 74 -11.8  |-456 |315 | 75 -9.5 224|315
37 (Measured) 7.6 -11.1 2257 |31.6 | 7.6 9.1 26 (283 | 74 -11.7 0 -223 |32 7.6 9.2 -25.2 |30.1
42.5 (Simulated) | 7.2 -11.3 |-285 |29.1 6.9 -12.1 |-43.4 |29.1 6.8 -10.4  [-473 |28.6 | 6.8 -12.1 -39 |28.6
42.5 (Measured) | 7.3 9.5 28 |31.2 7 -10.7 25 (308 | 6.9 -11.6  |-23.1 |31.3 | 6.8 -12 -27.5 |28.5
TABLE 5. Characteristics and performances comparison of proposed antenna array with other referenced antennas.
Im BW 3-dB AR BW . . . R .
Refs. Antenna type gllﬁilrlir;z (Relative BW  |(Relative BW E‘;’;‘; dg];lg) IS(():S;I)OH ]()‘me;‘;)'\g;‘ Ezli:; Remarks
‘ /GHz) /GHz) M0
Wide bandwidth;
Proposed High-order 14.6% 61.5x61.5%3.148 . High gain;
LP array mode antenna 8x8 36.8-42.6 NA. 258 = 7.59%7.59x0.39 Dual LP High isolation;
Dual polarization.
. Low cost;
High-order 3.8%(20.8-21.6) 31x31x2.4 o
[10] mode antenna 2x2 2.7%(25.6-26.3) N.A. 17:4 N.A. 6x6x0.48 Lp . Dual bdpd’A
Single polarization.
Wide bandwidth;
Aperture-coupled 16.1% 30x30x2.4 . .
(201 patch Antenna | %% 56-63.1 NA. 214 NA. 6x6x0.48 Lp | High gain;
Single polarization.
. Wide bandwidth;
Cavity-backed 17.1% 27%x27%2.5 . . R
[21] slot Antenna 8x8 557-66.1 N.A. 223 34.7 5555046 Dual LP High gain;
Dual polarization.
Wideband;
Aperture-coupled 18.2% 18.2% 70x100x%0.787 . .
(22] patchantenna | 2%2 55-66 55-66 17.85 15 1 128x184x0.14 [PUalCP | High gain;
Dual polarization.

where Ao, LP, CP, N.A., AR BW, Im BW denote the free-space wavelength at the starting frequency, linear polarization, circular polarization, not available,

axial ratio bandwidth, impedance bandwidth, respectively.

As shown in Fig. 11(a), a rectangular notch (W, x L,1, in
yellow) is etched on the bottom of the substrate for each input
port of the whole feeding network. It is used for inserting an
input waveguide, namely, WR-22, whose working frequency
band ranges from 33 to 50.1 GHz. Notably, by moving the
vias in the middle connective band (in red), the widths of
wide wall surrounding each input port (i.e., port 1) and each
output port (i.e., port 2) are wider than the transmission
waveguide, which helps to obtain good impedance matching.
When input Port 1 is excited, nearly identical power can be
achieved by the output Port 2. In other words, it is a low loss
metallic waveguide to SIW transition. With the output port of
this transition, the energy is further transmitted to the other
output ports of the H-shaped network. Fig. 11(b) shows that
across the desired frequency bands, [Sy1] is less than —20 dB
whereas |S12| is nearly equal to 0, which further verifies the
wideband and low transmission loss characteristics of the
transition.

Fig. 12 shows the key performance parameters of the 8
x 8 dual LP antenna array. As observed in Fig. 12(a), the
simulated and measured overlapped bandwidths are 15.8%
(36.7 GHz-43 GHz) and 14.6% (36.8 GHz-42.6 GHz),
respectively. Their corresponding gains are 24.17 £ 1.75 dBi
and 23.8 &+ 2 dBi, respectively, within the respective over-
lapped frequency bands. The measured bandwidth is nar-
rower than the simulated one by 0.5 GHz, whereas the
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measured gain is slightly lower than the simulated one by
0.37 dBi. Both of them can cover the desired frequency bands,
and their corresponding gains are high enough for reliable
data transmission. Fig. 12(b) shows that the simulated and
measured |S»| are less than —46.6 dB and —45 dB over
the desired frequency bands, respectively, which exhibit low
mutual coupling and strong anti-interference abilities for both
input ports.

As an important parameter for power conversion rate, radi-
ation efficiency of the 8 x 8 dual LP antenna array is shown
in Fig. 14. The simulated radiation efficiencies for both ports
are larger than 85%, whereas the corresponding measured
ones are beyond 72%. The difference is mainly caused by the
fabrication error and connecting cable loss. However, their
curve trends are nearly the same. For a mm-wave antenna,
radiation efficiency larger than 65% can meet the demand of
practical applications.

Fig. 13 and Table 4 show the simulated and measured
radiation patterns and characteristics of the 8 x 8 dual LP
antenna array at 37 and 42.5 GHz for both ports. As dis-
played, for Port 1 at 37 GHz, the simulated HPBW, sidelode
level, X-pol level and FBR are 7.4°, —12.5 dB, —30.4 dB
and 31.8 dB in XOZ-plane, respectively, and they are 7.5°,
—9.7dB, —47 dB and 30.4 dB in YOZ-plane, respectively. In
comparison, the measured ones are 7.6°, —11.1 dB, —25.7 dB
and 31.6 dB in XOZ-plane, respectively, and they are 7.6°,
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—9.1 dB, —26 dB and 28.3 dB in YOZ-plane, respectively.
At the upper frequency of 42.5 GHz, the simulated values
are 7.2°, —11.3 dB, —28.5 dB and 29.1 dB in XOZ-plane,
respectively, and they are 6.9°, —12.1 dB, —43.4 dB and
29.1 dB in YOZ-plane, respectively. Correspondingly, the
measured ones are 7.3°, —9.5 dB, —28 dB and 31.2 dB in
XOZ-plane, respectively, and they are 7°, —10.7 dB, —25 dB
and 30.8 dB in YOZ-plane, respectively. The results of Port
2 nearly mirror that of Port 1 due to the nearly symmetrical
structure. In total, the measured results well comply with the
simulated ones, and they show low X-pol level, high FBR,
narrow HPBW and reasonable sidelobe level.

Ill. DISCUSSION AND COMPARISON

The main characteristics and performances of the pro-
posed antenna array are compared with other referenced
antennas, as shown in Table 5. In comparison, the pro-
posed 8 x 8 LP antenna array has exhibited high gain and
high isolation in a wide frequency band. Although the
size (7.59 x 7.59 x 0.39)%) is slightly larger due to the
multi-layer ME-dipole structure, its practical dimensions of
61.5 x 61.5 x 3.148 mm? are still acceptable for an 8 x 8
unidirectional dual LP antenna array. As discussed above,
the proposed antenna array with these characteristics may
satisfy the needs of reliable high-speed data transmission and
strong anti-interference ability in 5G mm-wave communica-
tion scenarios.

IV. CONCLUSION

A dual LP high-order-mode mm-wave antenna with high gain
and high isolation is proposed in this paper. A high-order-
mode cavity with TMy3p mode is employed to excite a 2 x 2
slot-fed ME-dipole antenna subarray, resulting in high gain
and wide bandwidth. Particularly, the high-order-mode cavity
is fed by two vertically arranged slotted SIW feeding net-
works for double capacity, high isolation and low tranmission
loss. To further achieve high gain, an 8 x 8 antenna array fed
by a pair of compact modified H-shaped full-corporate STW
networks is proposed. The working principles of the high-
order-mode cavity and the feeding networks are also studied.
Compared with the previously proposed dual-polarized mm-
wave antennas, the proposed 8 x 8 antenna array can achieve
both high gain (25.8 dBi) and high isolation (45 dB) in a
wide frequency band (36.8-42.6 GHz) by using a low cost
and low loss structure, and thus are applicable to the tough
5G communication scenarios with reliable high-speed data
transmission and strong anti-interference ability.
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