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Abstract

Based on practical requirements, this paper presents the design, fabrication, and experimental
validation of a Ka-band wideband two-dimensional (2D) phased array antenna with 45° slant
polarization. The array integrates a polarizer with 28 six-element metallic Vivaldi linear sub-
arrays. To the best of the authors’ knowledge, no previous work has reported the engineering
implementation of a polarizer-integrated 2D phased array at Ka-band, as existing studies are
limited to single elements or one-dimensional arrays. Measured results show that the array
achieves an active Voltage Standing Wave Ratio (VSWR) below 2.6 over 32-40 GHz, with a
gain exceeding 25.5 dBi. It supports wide-angle scanning up to +50° in the azimuth plane
and *+30° in the elevation plane, with a scan loss not exceeding 3 dB across the entire scan-
ning range. Furthermore, the amplitude difference between horizontal and vertical polarization
components remains within 2.9 dB throughout the scanning range, confirming desirable slant
polarization characteristics.

Introduction

Slant-polarized antennas, capable of radiating equal-power horizontal and vertical electromag-
netic waves to form a 45° slant polarization, have found applications not only in military systems
(e.g., ground-based communications and electronic countermeasures) but also in mobile com-
munication base stations, where they provide more symmetrical propagation characteristics
than purely vertically or horizontally polarized antennas [1].

The simplest way to achieve slant polarization is to place the linearly polarized element at an
angle of 45° [2-9]. Similarly, if two linearly polarized elements are placed at angles of 45° and
135°, respectively, dual slant-polarized characteristics can be realized [10-14]. Although this
method is simple and easy to implement, the slant-polarized characteristics usually get worse
when the array scans at large angles. Another method is to excite the horizontally polarized
and vertically polarized elements with equal amplitude and phase to form slant 45° polar-
ization [15], which requires a power divider network. In addition, the slant polarization can
be obtained by loading a polarization converter which can convert the horizontally or verti-
cally polarized electromagnetic waves to slant polarization [16-19]. This method can maintain
good slant polarization purity when scanning at large angles, but it increases the height of the
antenna. However, the antennas proposed in these papers are not two-dimensional (2D) phased
arrays. Based on the literature reviewed by the authors to date, research and applications related
to achieving slant polarization by loading polarizers have primarily focused on antenna ele-
ments or one-dimensional (1D) phased arrays. Studies and engineering implementations of
slant-polarized 2D phased array antennas loaded with polarizers are rarely reported.

In this paper, a Ka-band slant-polarized, 2D phased array antenna loaded with a polarizer
is designed and fabricated. The radiating element is an all-metal Vivaldi antenna, chosen for its
high structural strength and modularity. A 45° slant polarizer is integrated above the antenna
array to achieve the desired polarization. Compared to the conventional method of rotating
elements to a 45° orientation [20], this approach effectively mitigates the increase in cross-
polarization during diagonal-plane scanning, which is typical of Vivaldi antennas [21]. The
proposed array adopts a triangular lattice, operates over a bandwidth of 32-40 GHz, and main-
tains an active VSWR below 2.6 across the scanning range. Measurements show that the array
achieves scanning ranges of +50° in the azimuth plane (AZ-plane), which corresponds to
the H-plane, and £30° in the elevation plane (EL-plane), which corresponds to the E-plane.
Within the scanning range, the amplitude difference between the horizontal polarization (H-
pol) component and the vertical polarization (V-pol) component remains within 2.9 dB, and
the maximum scanning gain loss is 3 dB. These results demonstrate excellent wide-angle scan-
ning performance, confirming the array’s suitability for modern radar and electronic warfare
systems.

Antenna design

The all-metal Vivaldi antenna is composed of a radiating part (the flare notch) and a feeding
part, as illustrated in Fig. 1(a). Similar to the PCB-based Vivaldi antennas, the radiating part
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Figure 1. Metal Vivaldi element. (a) Side view of the element and (b) element
simulation model.

Table 1. Model dimensions (mm)
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employs an exponentially tapered aperture to achieve effective
impedance matching. The feeding part is composed of a slot-line
and a cavity, designed to achieve both impedance matching and
energy transmission. Compared to microstrip-to-slot-line transi-
tion of traditional PCB-based designs [22] and the Marchand balun
[23], the feeding part transfers energy directly from the coaxial
connector into the slot-line. Furthermore, unlike previous element
designs [21, 24-27], the proposed antenna removes the metal por-
tion between the slot-line and the ground, integrating the feeding
part with the ground. This integration thus liberates connector
selection from the constraint of antenna thickness. The element is
roughly 2/3 in width, 1/3 in thickness, and 1A in height, where A
represents the wavelength at the high-frequency end of the band.
The actual element lattice spacing is 4.2 mm x 5.0 mm, which is

Figure 2. Simulated VSWR of element.

https://doi.org/10.1017/51759078726103092 Published online by Cambridge University Press

Active VSWR

primarily determined by the requirement to suppress grating lobes
within the operational scanning range.

The element was simulated and optimized with ANSYS using
periodic boundaries, as shown in Fig. 1(b). Its optimized dimen-
sions are summarized in Table 1. As shown in Fig. 2, the simulated
VSWR remains below 2 across the entire band at broadside. Under
scanning conditions, the VSWR is below 1.6 at +-50° in the AZ-
plane and below 2 at +30° in the EL-plane. These results confirm
the element’s good impedance matching across the operational
bandwidth and within the specified scan range.

Array simulation

The array comprises 28 linear sub-arrays, each containing 6 ele-
ments. These sub-arrays were monolithically fabricated from alu-
minum using high-precision wire electrical discharge machining,
achieving a dimensional tolerance of £0.02 mm (Fig. 3).
Following the initial element design via unit-cell simulation
under periodic boundary conditions, a full 28 x 6 array model
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Figure 3. Six-element linear sub-array.

Figure 4. Top view of array simulation model.

First Layer

Second Layer
Substrate

was constructed for more accurate full-wave analysis. The array
is configured with 28 elements in the AZ-plane and 6 elements
in the EL-plane. To accurately model the physical assembly, a
0.2 mm gap was introduced between adjacent linear sub-arrays in
the simulation. The complete model is shown in Fig. 4.

The polarizer comprises two layers of metallic strips, as illus-
trated in Fig. 5. The strips in the first layer are perpendicular to the
incident electric field, while those in the second layer are oriented
at a 45° angle. Both layers have identical strip widths and inter-
strip gaps of 1 mm. The dielectric between them is a Rogers 5880
substrate with a thickness of 1.5 mm.

The combined array and polarizer model is shown in Fig. 6.
To accommodate the beam scanning range and the required
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Figure 5. Geometry of the polarizer.

placement height of the polarizer, the polarizer’s aperture was
enlarged relative to the array aperture.

The active VSWR of the six elements in the 14th azimuth col-
umn across the scanning range is shown in Fig. 7. The simulated
values remain below 2.8 within the band, confirming accept-
able impedance matching. Moreover, their variation trend agrees
well with the unit-cell simulation results obtained under periodic
boundary conditions (Fig. 2).

Figure 8 shows the simulated, normalized H- and V-pol radi-
ation patterns versus scan angle. Across the entire band and
scan range, the amplitude difference between the two components
remains below 2.6 dB, demonstrating excellent purity of the 45°
slant polarization.
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Figure 6. Simulation array model with polarization converter.
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Figure 7. Simulated active VSWR of center six-element sub-array for (a) broadside radiation, (b) +30° scan in EL-plane, and (c) 4+50° scan in AZ-plane.

Results and discussion

A 28 x 6 array prototype, measuring 117.6 mm x 33 mm x 7.5 mm,
was fabricated. Figure 9 shows photographs of the array; the polar-
izer is omitted to reveal the layout of the sub-arrays. The active
VSWR was measured using an Agilent N5244A vector network
analyzer, while the radiation patterns and gain were measured in
a microwave anechoic chamber. For the pattern measurements,
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each linear sub-array was connected to a six-channel T/R module
to enable independent control of the amplitude and phase of each
element.

The active VSWR was measured for each element using an
S-parameter synthesis procedure [23]. Results for three represen-
tative elements are presented in Fig. 10: edge element 1 (Row 1,
Column 1), edge element 4 (Row 4, Column 1), and center element


https://doi.org/10.1017/S1759078726103092

International Journal of Microwave and Wireless Technologies 277

& -10- Z-10
E 20 E 20
£ £
g -30- E -30
S 40 Z 40
£ E
S 50 )
z " P
-60 v v v v v -60 T v v v :
-80 -40 0 40 80 -80 -40 0 40 80
Angle(degrees) Angle(degrees)
(a)
0 0
2 -10- 2-10
£ 20 S
- a
-30- =30
T 2
S S
= 404 =40
-] £
S _s0 s 50
P P
-60 T T T r v -60 T v - ! .
-80 -40 0 40 80 -80 -40 0 40 80

Angle(degrees) Angle(degrees)

(b)

Normalized Pattern(dB)
s
]
n
<

Normalized Pattern(dB)
P
=
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Figure 9. 28 x 6 element array constructed from modular sub-arrays.
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Figure 10. Measured active VSWR for elements (1), (4), and (82) in the 28 x 6 element array.
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Figure 11. Measured normalized co-polarization and cross-polarization patterns of the element. (a) AZ-plane and (b) EL-plane.

82 (Row4, Column 14), whose locations are indicated in Fig. 9.
As shown in Fig. 10, all measured values remain below 2.6. As
expected, the edge elements exhibit higher active VSWR than the
center element due to array truncation effects. Furthermore, the
active VSWR of the center elements is comparable to the results
presented in Fig. 2.

Figure 11 presents the measured normalized co- and cross-
polarization patterns of the center element in both the AZ-plane
and EL-plane at 32 GHz, 36 GHz, and 40 GHz. The element
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demonstrates wide beamwidth and low cross-polarization, bene-
ficial for achieving wide-angle scanning with low gain loss.

Figure 12 shows the measured normalized radiation patterns
for both H- and V-polarization components. A Taylor amplitude
weighting was applied to the array elements via the T/R modules
to suppress sidelobes. As a result, the measured sidelobes are signif-
icantly lower than the —13.5 dB level of a uniform array, measuring
below —23 dB in the AZ-plane and below —18 dB in the EL-plane
at broadside.
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Figure 12. Measured normalized patterns at broadside and scan angles of +25° and +50° in the AZ-plane and +15° and +30° in the EL-plane. (a) 32 GHz in AZ-plane (left) and
EL-plane (right), (b) 36 GHz in AZ-plane (left) and EL-plane (right), and (c) 40 GHz in AZ-plane (left) and EL-plane (right).

For broadside radiation, the H- and V-pol patterns are nearly
identical across the band, in good agreement with simulation. The
measured amplitude difference between the two components over
the scanning range remains within 2.9 dB. Although the simulated
amplitude difference is slightly lower than this measured value, the
discrepancy is typical and attributable to the finite phase (5.625°)
and amplitude (0.5 dB) quantization steps of the practical T/R
modules. Overall, the results confirm the array’s desirable 45° slant
polarization performance.

Figure 13 presents a comparison of the simulated and measured
array gain. The measured values are consistently lower, with a max-
imum observed discrepancy of 1.1 dB. This deviation is attributed
primarily to dielectric and conductor losses, as well as to amplitude
and phase variations across the array elements.
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The measured scanning gain loss for the 28 x 6 array is pre-
sented in Table 2. The results indicate a maximum loss of 3 dB
across the operating band.

Table 3 compares the performance of the proposed array with
prior slant-polarized designs. References [18, 19], and this work
employ a polarizer to achieve 45° slant polarization, whereas
References [8, 9], and [11] utilize arrays of slant-polarized radi-
ating elements. Although adding a polarizer increases structural
complexity and profile height, it enables the array to maintain
high polarization purity - specifically, a low amplitude differ-
ence between H- and V-pol components - over a wide scan
range. Among polarizer-based designs, Reference [18] offers wide
bandwidth but is limited to 1D scanning with high scan loss;
Reference [19] achieves good polarization purity but over a very
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Table 2. Measured gain loss vs. scan angle (dB)
Scan plane AZ-plane EL-plane
Scan angle (degree) +50 -50 +30 -30
Freq. (GHz) 32 2.1 2.5 0.8 0.6
36 2.9 3 0.7 0.8
40 1.8 2.1 0.6 0.5
Table 3. Comparison between reported and proposed slant-polarized antenna arrays
Approach to Scanning
No. of realizing slant range in two Max. [H-
Ref. Freq. (GHz) Antenna type elements polarization Gain (dBi) dimensions Gain loss pol-V-pol|
[8] 26.5-29.5 Gap waveguide 16 x 16 Slant-polarized >27.5 +60° (AZ) + 10° N.A. N.A.
element (EL)
[9] 0.85-2.25 Wide-slot 1x4 Slant-polarized >11.4 N.A. N.A. N.A.
antenna element
[11] 26-30 Patch 8x8 Slant-polarized N.A. +55° (AZ) + 55° 5.5 dB (AZ) N.A.
element (EL) 7.8 dB (EL)
[18] 6-18 Double- 1x16 Three-layer >14.5 +45° (AZ) 4.5 dB (AZ) N.A.
ridged horn polarizer
[19] 6.5-7.5 Patch 1x8 Five-layer polarizer >14.5 N.A. N.A. 1.77 dB (at
broadside)
This work 32-40 Metal Vivaldi 28 x 6 Two-layer polarizer >25.5 +50° (AZ) + 30° 3.0 dB (AZ) 2.9dB
(EL) 0.8dB (EL)  (50°, AZ)
2.5dB
(+30°, EL)
narrow bandwidth and without scan analysis. Among designs  Conclusion

using slant-polarized elements, Reference [11] attains a relatively
wider scan range but suffers from high scan loss and narrow
bandwidth, while Reference [8] is outperformed by the proposed
design in both bandwidth and elevation-plane scan range, and
Reference [9], while offering wider bandwidth, provides no beam
scanning analysis. Notably, to the authors’ knowledge, no simi-
lar polarizer-integrated 2D millimeter-wave phased array has been
reported for practical engineering applications. The proposed array
demonstrates well-balanced performance in gain, scan loss, and
slant polarization purity.
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Based on specific practical requirements, this paper presents a Ka-
band 2D phased array antenna with 45° slant polarization. The
array is modularly constructed from 28 six-element linear sub-
arrays. To the best of our knowledge, a polarizer-integrated 2D
phased array for practical engineering applications in this band
has not been previously reported. The proposed design achieves an
active VSWR below 2.6 across the 32-40 GHz band and demon-
strates excellent scanning performance of +50° in azimuth and
+30° in elevation. It maintains a gain over 25.5 dBi with a scan loss
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below 3 dB. Moreover, it exhibits remarkable polarization charac-
teristics, with the amplitude difference between H-pol and V-pol
components remaining within 2.9 dB throughout the scanning
range.
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