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Abstract: A Ka-band dual-polarization magnetoelectric (ME) dipole antenna array based on three-
dimensional (3D)-printed technology with low sidelobe level (SLL) is proposed in this paper. The
metal posts and cross-slots are explored to build a novel subarray with 2 × 2-unit ME-dipoles as the
basic element. Creatively, a square waveguide to cross-slots transition with a pyramid horn cavity
structure is investigated to feed the ME-dipole subarray. Furthermore, two types of power-tapering
corporate-feed networks with laminated structures are used to design an 8 × 8-unit low-SLL array.
The fabricated array has a relative bandwidth (VSWR < 2) of 14.3% and 17.1%, with a realized gain
higher than 25.8 dBi and 26.1 dBi for the H-pol. and V-pol., respectively. The maximum radiation
efficiency for both arrays is 73.2%. The measured first sidelobe levels are less than –17.5 dB for both
polarizations. With competitive performance and low fabrication cost, the proposed dual-polarization
ME-dipole antenna array would be valuable for polarization-agile radar and communication systems.

Keywords: dual-polarization; high gain; low sidelobe; magneto-electric dipole; 3D printing

1. Introduction

A dual-polarization antenna with wideband, high-gain and low-sidelobe characteris-
tics is required for mm-wave radars to achieve high resolution, high detection accuracy
and strong anti-interference ability [1,2]. Various dual-polarization antenna arrays based
on dielectric transmission lines have been reported, such as aperture-coupled microstrip
patch arrays [3,4], slot-coupling series-feed microstrip patches [5] and substrate-integrated
waveguide (SIW) feed antenna arrays [6–8]. These antennas feature high isolation, low
profile and low cost, but their operation bandwidth is narrow. ME-dipole arrays have
excellent impedance bandwidth and symmetric radiation patterns [9]. The strip-line feed
dual-polarization ME-dipole array based on LTCC technology in [10] and the SIW feed
array based on multilayer PCB technology in [11] both have wideband and low-profile
features. However, the substrate loss of the above arrays can no longer be ignored with the
increase in the array dimension in the mm-wave band.

Antenna arrays based on air-filled waveguides have lower transmission loss and
higher radiation efficiency. The dual-polarization slotted wave-guide array in [12–14] has a
low-sidelobe design with high polarization isolation, but the series feed limits its working
bandwidth. The full corporate-feed waveguide slot array with dual-polarization in [15,16]
has wideband and high-gain features, but the diffusion bonding process brings high fab-
rication cost. By using gap waveguide technology without any bonding process for full
corporate-feed slot arrays [17,18], the difficulty and cost of fabrication can be reduced while
achieving high gain. However, the bandwidth is still limited, as the basic array unit is based
on a narrowband resonant structure. Recently, 3D-printing technology has been widely
used for mm-wave antenna arrays [19–22], which offers a new method for the design and
fabrication of antennas with complex structures that cannot be manufactured by traditional
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methods. A new form of ME-dipole element combined with a waveguide feed network
was proposed to achieve wideband and high-efficiency radiation characteristics [19]. Fur-
thermore, special structures such as a roof-shaped cavity and a waveguide with arc-shaped
short walls were proposed for 3D-printing technology, which can reduce the fabrication
time and cost [20]. However, they are limited to single-polarization applications. In [21],
stepped cavities with laminated E-plane rectangular waveguide (ERWG) feed networks
were proposed to realize a dual-circular-polarization antenna array at 13 GHz. The ar-
ray has wideband and lightweight characteristics, but its isolation and cross-polarization
discriminations (XPD) are not high. In [22], a dual-polarization ME-dipole unit with a
differential feeding cavity structure was proposed, which realizes an impedance-matching
bandwidth of 30% with a high gain of 28.5 dBi. Nevertheless, an extra WG divider is
needed to realize the differential feeding, which increases the complexity and insertion loss
of the feed network.

In this paper, an approach to realize a dual-polarization ME-dipole array with 3D-printed
technology is proposed. The metal posts and cross-slots are explored to build the ME-dipole.
Moreover, a new transition structure from a square waveguide to cross-slots is invented
to excite the ME-dipole. A 2 × 2-unit subarray with a pyramid horn cavity is designed
to pursue wideband and high-isolation properties. Based on a 2 × 2-unit subarray, an
8 × 8-unit array is meticulously designed and fabricated by direct metal laser sintering
technology. Two power-tapering corporate-feed networks are employed to achieve low
SLL of the dual-polarization array. The measured results illustrate the fabricated array has
wideband (14.3% and 17.1% with VSWR < 2), low-sidelobe (below –17.5 dB), high-isolation
(≥30 dB) and high cross-polarization discriminations (≥32 dB).

2. The Dual-Polarization 2 × 2-Unit ME-Dipole Subarray
2.1. Configuration and Operation Mechanism

Figure 1a shows the configuration of the proposed dual-polarization antenna element
with a four-layer structure. On the top layer, four short-end patches, which are excited by
the cross-slots on the second layer, are evenly distributed at the corners. On the third layer,
a novel gradient transition structure is proposed to feed the cross-slots through a square
WG. This structure is easily realized by 3D-printing technology. By comparison with the
cavity-excited cross-slots in [15,22], the complexity of the proposed antenna is reduced.
The fourth layer is the feeding square WG, which can easily connect with an orthomode
transducer (OMT) and achieve the function of dual-polarization radiation. Furthermore,
an improved dual-polarization unit is also studied, as shown in Figure 1b. The metal posts
are used to replace the short-end patches. This simplified structure can effectively reduce
the fabrication difficulty, especially for large-scale arrays.
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Figure 1. Dual-polarization ME-dipole unit: (a) planar patches; (b) square posts.

The electric magnetic simulation software ANSYS Electronics Desktop was utilized
to reveal the operation principle of the proposed dual-polarization ME-dipole. Figure 2
displays the electric field and surface current distributions of the ME-dipole single unit. At
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t = 0, the surface current is strong at the side surfaces of the posts in Figure 2a. The surface
current and E-field are weak at the top surface of the posts and the aperture between the
posts in Figure 2c. It signifies that the equivalent magnetic dipole in the x-direction is
excited. At t = T/4, the sinusoidal distribution of the surface current can be observed at the
top surface of the posts in Figure 2b. The E-field is also strong over the aperture between
the posts in Figure 2d, which indicates that the metal posts consist of equivalent electric
dipoles in the y-direction. The electric dipole and magnetic dipole are excited alternatively,
which forms the EM-dipole unit. The same distribution will appear on the orthogonal
planes when another orthogonally polarized port is excited.

Figure 2. E-field and surface current distribution of the dual-polarization ME-dipole unit: surface
current distributions at (a) t = 0 and (b) t = T/4; E-field distributions at (c) t = 0 and (d) t = T/4.

Based on the proposed dual-polarization ME-dipole unit, the array layout of the
design was carried out. In order to further simplify the structure of the total array, a horn
cavity was employed to excite the 2 × 2-unit ME-dipoles, which formed a subarray. The
geometry of the dual-polarization subarray is displayed in Figure 3. It can be divided into
two parts: the radiation part and the feeding part. The four ME-dipoles with metal posts
and cross-slots constitute the radiation part. The first layer of the feeding part comprises
four square WGs to cross-slots transition structures. The pyramid horn cavity is laid on the
second layer. It can not only reduce the complexity of the feed network for the total array
but can also decrease the feed loss of the total array and expand the bandwidth of the array.
In addition, by comparison with the step cavities in [23], the pyramid horn cavity is more
conducive to the 3D-printing technology. The orthomode transducer composed of vertical
square WGs and two orthogonal coupling windows is utilized to feed the radiation part
with high isolation. The E-plane RWG and single-ridge WG (SRWG) are employed as two
feeding transmission lines.

Figure 4a,b shows the distribution of electric fields in the subarray when fed by
the H-pol. port. The quasi-TE10 mode in the SRWG is transmitted into the square WG
through the H-pol. coupling window, and the TE01 mode is excited in the square WG. The
E-field direction of the TE01 mode in the square WG is parallel with the V-pol. coupling
window. The EM-wave from the H-port is cut off by the V-pol. coupling window. The
two orthogonal coupling windows structure can attain high isolation between the two
orthogonal polarization ports. The directions of the combined E-field over the four cross-
slots’ apertures are along the x-direction, which form the H-pol. radiation. Figure 4b,c
gives the distributions of electric fields in the subarray when fed by the V-pol. Port. The
TE10 mode is excited in the square WG, and the direction of the combined E-field over the
four cross-slots’ apertures is along the y-direction, which forms the V-pol. radiation.
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Figure 3. Configuration of the dual-polarization 2 × 2-unit ME-dipole subarray: (a) perspective view;
(b) top view; (c) details of the OMT.

Figure 4. E-field distribution of the dual-polarization 2 × 2-unit ME-dipole subarray: (a,b) H-pol;
(c,d) V-pol.
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2.2. Performance and Parameter Analysis of the Subarray

The working mechanism of the proposed dual-polarization ME-dipole unit is dis-
cussed in the previous section. Some key parameters are studied to guide the design of the
dual-polarization antenna. According to the working mechanism of the ME-dipoles, the
height of the posts hp, the length (lh) of the cross-slots and the width length ratio (ws /lh)
are set to 0.25, 0.4 and 0.6, respectively. The distance between the adjacent ME-dipoles
(xd) is set to 0.76 λ0. The height of the cross-slots is set to 0.1 λ0. The simulated gains
of the subarray with different lh and xd values for H- and V-polarizations are shown in
Figure 5a–d. It shows that the gains of the two polarization units increase with increasing
lh. However, the sidelobe level also rises with increasing lh. Therefore, in consideration
of the high gain and low sidelobe, the value of lh is set to 5.9 mm. Similarly, the subarray
gain increases with increasing xd and reaches the highest when xd is equal to 6.5 mm. By
tuning the two key parameters, a proper gain can be achieved. Additionally, the height of
the transition (hs) affects the impedance-matching performance of the subarray notably.
The reflection coefficients of the two ports for different hs values are shown in Figure 5e,f.
The impedance-matching bandwidth of the H-pol. port increases when hs becomes smaller.
However, the reflection coefficient of the V-pol. port will worsen when hs becomes smaller.
Finally, the value of hs is set to 1.5 mm.

Figure 5. Parameter analysis of the subarray: (a,b) length of cross-slots; (c,d) distance between the
ME-dipole units; (e,f) heights of the square WG to cross-slots transition structure.
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The width of the pyramid horn cavity, which is determined by the distance and the
length of the cross-slots, is set to 11.8 mm. The H-pol. And V-pol. Coupling windows have
the width of the square WG (ac) and the width of the ERWG (au), separately. The matching
performance of the two feeding WGs is determined by the width of the square WG and the
height of the pyramid horn cavity. The reflection coefficients of the two ports with different
ac and hh values are shown in Figure 6a–d. It shows that the influence trend of those
parameters on the two ports is opposite, so there is an optimal solution for both parameters.
In addition, the isolation between the two orthogonal polarization ports with different wd values
is shown in Figure 6e. It shows that the isolation rises with decreasing wd. Finally, the value
of wd is set to 1.6 mm in consideration of the best impedance bandwidth performance, which
is shown in Figure 6f. Following the above design guidelines, better radiation and feeding
performance of the dual-polarization ME-dipole subarray can be achieved.

Figure 6. Parameter analysis of the feeding part: (a,b) width of square WG; (c,d) height of the
pyramid horn cavity; (e,f) width of the coupling window.

The optimized dimensions of the subarray are listed in Table 1. Figure 7 shows the
simulated performances of the proposed dual-polarization 2 × 2-unit ME-dipole subarray.
The simulated reflection coefficients less than –10 dB bandwidth for the H-pol. and V-pol.
subarrays are 18% (31.1–37.6 GHz) and 17% (32.4–38.4 GHz), respectively. Isolation between
the two ports is higher than 35 dB. The gains for both H-pol. and V-pol. are varied from
15.2 dBi to 15.8 dBi over the operation band. The stable radiation patterns can be observed
for both subarrays from 32 GHz to 38 GHz. The backlobe level is less than –23 dB for the two
subarrays. The simulated results exhibit that the proposed dual-polarization ME-dipole
subarray has wide impedance-matching bandwidth with good radiation performance.
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Table 1. Details of the proposed dual-polarization 2 × 2-unit ME-dipole subarray (unit: mm).

Parameter Value Parameter Value

hp 3.5 hs 1.5

ht 2.6 hh 7.8

wc 11.8 wp 1.3

ws 3.3 lh 5.9

xd 6.5 au 5.2

bu 1.6 hu 0.35

wu 1.65 hc 9.5

ac 5.3 wd 1.6

ad 3 bd 2

ain 0.6 bin 1.4

Figure 7. Simulated performances of the dual-polarization ME-dipole subarray: (a–f) radiation
patterns; (g) S-parameters and gain.

3. Design of the Low-Sidelobe 8 × 8-Unit Dual-Polarization ME-Dipole Array
3.1. Antenna Geometry and Low-Sidelobe Design

Based on the dual-polarization 2 × 2-unit ME-dipole subarray, an 8 × 8-unit dual-
polarization antenna array was designed. The spacing between the adjacent subarrays was
13 mm (1.52 λ0) in both the x-direction and y-direction. In order to realize the low-sidelobe
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design of the two arrays, two kinds of 1-to-16 power-tapering corporate-feed networks
based on E-plane WG and SRWG were designed and simulated, respectively.

The unequal-power but equal-phase (UPEP) E-plane WG divider and the UPEP SRWG
were employed to construct the feed networks. Figure 8a,b shows the geometry of the UPEP
SRWG and UPEP E-plane WG divider, respectively. Three WGs sections were introduced
into the two UPEP dividers as the impedance transformers. The power-splitting ratio
between the output ports can be tuned by adjusting the parameters: narrow wall width
(b2 and b3), ridge height (bi2 and bi3) and length of the two WG sections (l2 and l3). Based
on this tuning method, the phase difference between the output ports can be controlled
within a small range.

Figure 8. Basic units of the two power-tapering feed networks: (a) UPEP RGWG H-T-junction;
(b) UPEP RWG E-T-junction.

Figure 9a,c shows the geometry of the two power-tapering feed networks, respectively.
The 20 dB Taylor synthesis with the unit spacing of 1.52 λ0 was utilized to calculate
the normalized amplitude coefficient of each output port, as shown in Figure 9a,c. The
simulated performances of the two feed networks are shown in Figure 8b,d. The phase and
amplitude differences among all the output ports are within ±10◦ and ±0.5 dB for both
feed networks. The reflection coefficient of the two input ports is both less than –15 dB,
covering the bandwidth range of 32.5 GHz to 37.5 GHz.

3.2. Measurement of the 8 × 8-Unit ME-Dipole Antenna Array

To verify the validity of the proposed antenna array, a prototype of the 8 × 8-unit
dual-polarization ME-dipole antenna array was fabricated and tested. The prototype
of the proposed dual-polarization 8 × 8-unit ME-dipole antenna array was printed by
the direct metal laser sintering process with a printing accuracy of 100 um, which is
shown in Figure 10a,b. Aluminum alloy AlSi10Mg powder was used as the printing
material. The top layer and the last three layers were printed and assembled by 12 M3
screws. Two positioning pins of ϕ = 1.6 mm were used to ensure an interlayer alignment
accuracy of ±0.03 mm. The printing accuracy and assembling errors were taken into
consideration during the design and analyzed by HFSS to ensure better performance
of the array. An SRWG to WR-28 standard WG vertical transition and a bend RWG to
WR-28 WG transition were invented as the feed ports. The dimension of the antenna array
is 67.5 mm × 67.5 mm × 6.25 mm.
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Figure 9. Configuration and simulated performance of the power-tapering feed networks:
(a,b) H-pol. feed networks; (c,d) V-pol. feed networks.

Figure 10. Photograph of the fabricated 8 × 8-unit ME-dipole antenna array: (a) perspective view;
(b) prototype of the dual polarization array.

The S-parameter was measured by an Agilent E8361A Vector Network Analyzer.
Radiation performance was evaluated by a near-field antenna measurement system at the
Ka-band. The measured and simulated s-parameters and gains are plotted in Figure 11.
The measured results agree well with the simulations. The measured reflection coefficients
less than –10 dB bandwidth for the H-pol. and V-pol. ports are 14.3% (32.4–37.4 GHz)
and 17.1% (32.4–38.4 GHz), respectively. The isolation between the two polarization feed
ports is better than 30 dB in the range of 32–38 GHz. The measured gains of the H-pol.
array and V-pol. array are higher than 25.8 dBi and 26.1 dBi over the bandwidth of 31–
39 GHz. The measured gain is lower than the simulated value by 0.4–0.7 dB. The main
reason for the difference in gain comes from the surface roughness of the 3D-printing
part. According to previous similar works [19–21], the inner surface roughness of the feed
networks under the DMLS process used in this design is about 10 um. The loss caused
by the surface roughness could be calculated in terms of the reduction of aluminum alloy
electrical conductivity. Another simulation of the total array was performed by HFSS to
verify the gain differences. The aluminum alloy conductivity in the simulation model is set
to 1 × 107 S/m (original value is 3.2 × 107 S/m). The simulated gain vs. frequency curve
of the 8 × 8-unit ME-dipole antenna array is also given in Figure 11. The results show that
the loss caused by the surface roughness at 32–38 GHz can be estimated to be 0.3–0.5 dB. In
addition, tolerances for fabrication and measurement can also cause a slight gain difference.
The estimation method can be used in large-scale array design.
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Figure 11. S-parameters and gain of the 8 × 8-unit dual-polarization ME-dipole antenna array: (a) performance of the H-pol.
array; (b) performance of the V-pol. array.

The measured radiation patterns in the E-plane and H-plane are shown in Figure 12.
The measured first sidelobe levels of the two polarization arrays are less than –17.5 dB in
both the E-plane and the H-plane, respectively. The cross-polarization levels are better
than 32 dB for the two polarization arrays in both planes. The measured and the simulated
radiation patterns are in good agreement, which verifies the effectiveness of the design.

Table 2 compares the measured performances of this work with that of the reported
planar dual-polarization mm-wave antenna arrays. Compared with [7,10], this work shows
better SLL and XPD. By comparison with the series-feed waveguide slot arrays in [10,13,18],
the proposed array has wider impedance-matching bandwidth. Compared with [21], this
work exhibits high isolation and XPD. In summary, the proposed dual-polarization ME-
dipoles antenna array features high-gain, wideband and low-SLL characteristics with high
isolation and XPD.

Table 2. Performance comparison of the presented planar dual-polarization antenna arrays (unit: mm).

Ref. f 0
(GHz) B.W Num. of

Unit
Aperture
Size (λ0)

Fabrication
Technology

Max.
Gain

Max Rad.
Efficiency

SLL
(dB)

XPD.
(dB)

Iso.
(dB)

[7] 60 18%
17.1% 8 × 8 5.4 × 5.4 Multilayer

PCB 22.3 dBi 72.5% −13 19 34.7

[10] 32 57%
45% 4 × 4 N.A. LTCC 16.1 dBi 83% −13 15 14

[12] 35
30

1.9%
2.2%

8 × 10
9 × 10

7.6 × 10
8.8 ×
11.6

Vacuum
brazing

25.4 dBi
24.8 dBi

43.05%
36.3% −17.6 25 40

[13] 14.25 6.1% 8 × 24 24.4 ×
9.5 Machining 32.4 dBi 85% −13 23 10

[18] 30.2 4.9% 8 × 8 7 × 7 Machining 27 dBi 80% −13 15 50

[21] 13.5 19% 16 × 16 12.7 ×
12.7 DMLS 32.3 dBi 55% −13 15 15

This
work 35 14.3%

17.1% 8 × 8 7 × 7 DMLS 26.8 dBi 73.2% −17.5 32 30
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Figure 12. Measured and simulated radiation patterns of the 8 × 8-unit dual-polarization ME-dipole
antenna array: (a) H-pol. E-plane; (b) H-pol. H-plane; (c) V-pol. E-plane; (d) V-pol. H-plane.

4. Conclusions

A Ka-band dual-polarization 8 × 8-ME-dipole antenna array based on 3D-printing
technology with wideband and low-sidelobe-level features is presented. A novel dual-
polarization subarray with 2 × 2-unit ME-dipoles, which consist of cross-slots and metal
posts, is proposed. The square OMT and pyramid horn structure is utilized to excite the
subarray. A square WG to cross-slots transition structure is invented to connect the radia-
tion part with the feed part. Measured reflection coefficients less than –10 dB bandwidth for
the H-pol. and V-pol. ports are 14.3% and 17.1%, with a realized gain higher than 25.8 dBi
and 26.1 dBi, respectively. The measured first sidelobe level is less than –17.5 dB, and the
cross-polarization discrimination is higher than 32 dB for both arrays. Isolation between
the two polarization ports is higher than 30 dB. Featuring wideband and low-sidelobe char-
acteristics, as well as low fabrication cost, the proposed dual-polarization ME-dipole array
would be valuable for mm-wave polarization-agile radar and communication systems.
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