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ABSTRACT: This paper presents a high-gain substrate-integrated waveguide antenna featuring a narrowly-focused radiation beam with
enhanced cross-polarization characteristics, specially designed for precision millimeter-wave radar systems and n-257 band point-to-point
5G wireless applications. The antenna incorporates a novel design with dual radiator slots arranged both vertically and horizontally on
the broadside wall of the substrate-integrated waveguide, forming a Non-Intersecting Asymmetrical T-shaped unit cell. This unit cell
is periodically distributed to create an eight-element radiator array, thereby improving the antenna’s gain and bandwidth. The antenna
operates in the frequency range from 27 GHz to 28.54 GHz, thereby covering the n-257 5G frequency band. Moreover, it exhibits a
half-power beamwidth of 8.1°, low side-lobe level of —13.3 dB, and cross-polarization discrimination level of 25 dB, making it suitable
for high-precision millimeter-wave radar sensing applications. The proposed design provides a peak gain of 10.51 dBi with a radia-
tion efficiency of 84.82%. Moreover, the integration of a dome-shaped polytetrafluoroethylene dielectric lens achieves a peak gain of
12.50 dBi with an enhanced radiation efficiency of 86.35%. The antenna design and simulation were performed using CST Studio Suite,
followed by an experimental validation. Owing to its high gain, low side-lobe levels, and a sharply focused main-lobe beam with excel-
lent cross-polarization discrimination, the antenna is well-suited for millimeter-wave radar sensing and point-to-point 5G communication
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systems.

1. INTRODUCTION

he advancements in telecommunication and information

technology have significantly increased the demand for
portable wireless devices, intelligent personal assistants, In-
ternet of Things (IoT) systems, and Al-enabled smart plat-
forms [1]. Frequency bands below 10 GHz are widely uti-
lized for wireless technologies, such as mobile communica-
tion, Wi-Fi, Bluetooth, and industrial, scientific, and medical
(ISM) applications. However, the limited spectrum available
in these bands, combined with rapidly increasing demand for
wireless data traffic, results in spectrum congestion and in-
creased interference, degrading the network performance and
communication reliability [2]. To meet the growing require-
ments for bandwidth and channel capacity in modern communi-
cation systems, migration from conventional lower microwave
frequency bands to higher frequency bands has become es-
sential. This transition can provide improved data through-
put, greater channel capacity, reduced latency, and fewer net-
work interruptions and dropouts, thereby ensuring reliable and
consistent wireless services [3,4]. The millimeter-wave (mm-
Wave) frequency bands are particularly attractive for portable
wireless devices because of their ability to provide higher gain
and wider bandwidth with compact antenna structures. In ad-
dition, mm-Wave frequencies are highly suitable for radar ap-
plications because they offer a higher spatial resolution and
narrower half-power beamwidth (HPBW), enabling more ac-
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curate detection and imaging [5]. Despite these benefits, mm-
Wave signals are highly susceptible to propagation losses and
atmospheric attenuation, especially rain fade, which may af-
fect communication reliability [6]. In [7], an orthogonal asym-
metrical slot-based A-shaped radiating element substrate inte-
grated waveguide (SIW) antenna is presented. This configura-
tion provides dual-band operation at 10.76 GHz and 12.39 GHz
with a radiation efficiency of 82.5%. However, the antenna ex-
hibits a very narrow impedance bandwidth of less than 3.5% in
both operating bands. A planar SIW antenna with a T-shaped
cross-slot configuration is presented in [8]. The antenna oper-
ates over the 8.8 GHz to 10.9 GHz frequency range, achieving a
peak gain of 7.3 dBi with a radiation efficiency of 84.7%. The
design’s limitation is relatively high back-lobe radiation. In [9],
an L-shaped SIW cavity-backed antenna array for X-band ap-
plications is reported. The antenna operates over the frequency
range of 9.4 GHz to 10.5 GHz with a peak gain 0f 9.5 dBi. How-
ever, the radiation pattern is not highly directional. A wideband
1 x 4 SIW patch dipole array antenna is presented in [10]. The
antenna achieves a wide impedance bandwidth ranging from
24.12 GHz to 30.83 GHz with a peak gain of 11.02 dBi. Despite
these benefits, the antenna structure is relatively complex due
to the requirement of an additional intermediate slot-coupling
layer. In [11], a complementary split-ring resonator (CSRR)
based filtering SIW antenna is presented. The design provides
dual-band operation at 10.2 GHz and 16.9 GHz, with a peak
gain exceeding 11 dBi in both frequency bands. A key advan-
tage of this antenna is the good isolation between the two op-
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erating bands, achieved through the incorporation of the CSRR
filtering structure. A cavity-backed metamaterial-based SIW
antenna operating at 27.42 GHz and 28.70 GHz is presented
in [12]. The primary drawback of the design is its limited
performance, with a gain of only 4.7 dBi and a bandwidth of
300 MHz at 28.70 GHz. A highly directive eight-element SIW
array antenna operating at 28 GHz with a gain of 13 dBi is re-
ported in [13]. Despite its high directivity, the antenna has
a limited bandwidth of 550 MHz, limiting its applicability in
broadband systems. A cavity-backed triangular-ring-slot SIW
antenna presented in [14] uses a central slot to form a twin-
ring structure operating at 14.5 GHz and has a bandwidth of
2.09 GHz. However, the gain remains below 5 dBi. A wide-
band cavity-backed SIW L-shaped slot antenna operates over
25.1 GHz to 29 GHz with a 14.4% bandwidth and a peak gain
of 7.5 dBi is reported [15]. A compact mushroom-shaped SIW
patch antenna with an impedance bandwidth of 25.98 GHz to
40.18 GHz and a gain of 7.2 dBi is presented in [16]. Despite
achieving relatively high gain and wide bandwidth, these an-
tennas exhibit a broader HPBW, which limits their suitability
for high-precision mm-Wave radar imaging applications.

This paper introduces a compact high-gain SIW antenna op-
erating in 27 GHz to 28.54 GHz frequency range, dedicated to
mm-Wave radar sensors and point-to-point 5G wireless com-
munications. The proposed antenna employs a novel dual-
slot radiator configuration, with vertically and horizontally ori-
ented slots on the broadside wall of the SIW to form a Non-
Intersecting Asymmetrical-T (NIAT) shaped unit cell. These
unit cells are arranged between the rows of conductive vias and
are periodically repeated to form an eight-element radiator ar-
ray, significantly improving the bandwidth and gain of the an-
tenna. The antenna achieved a bandwidth of 1.54 GHz, a peak
gain of 10.51 dB4i, and a radiation efficiency of 84.82%. In ad-
dition, a polytetrafluoroethylene (PTFE)-based dielectric lens
antenna (DLA) arrangement further enhances the gain up to
12.50 dBi with an efficiency of 86.35%. The proposed antenna
offers high gain, a focused narrow beam, low side-lobe lev-
els, and high cross-polarization discrimination (XPD). These
features ensure efficient beam radiation and reduced interfer-
ence, making it a suitable choice for mm-Wave radar sensing
and emerging point-to-point high-speed wireless communica-
tion systems.

2. ANTENNA GEOMETRY AND DESIGN

The antenna structure is realized on an SIW platform. It
combines the low-loss and high-power-handling capabilities of
metallic waveguides with the compactness of planar printed cir-
cuit board technology [17]. A Rogers RT/Duroid 5880 sub-
strate with a thickness of 0.50 mm and relative permittivity of
2.2 serves as the substrate for the proposed antenna. A cop-
per broadside section with a length of 67.50 mm and a width of
5.50 mm is used to accommodate the radiating elements. Eight
NIAT unit cells are periodically distributed along the broadside
wall of the SIW structure to realize an array configuration, as
illustrated in Figure 1. The structural parameters are presented
in Table 1.
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FIGURE 1. Antenna structure.

2.1. Design of via Interconnection

The SIW structure is formed by top and bottom conductive lay-
ers separated by a low-loss dielectric substrate, interconnected
by two parallel rows of metallized via configuration as shown
in Figure 2. These vias act as radio frequency (RF) shielding
walls, effectively confining electromagnetic energy and sup-
pressing radiation leakage outside the structure [18]. The group
of conducive vias emulates the sidewalls of a conventional
rectangular waveguide, thereby enabling electromagnetic wave
propagation.

To ensure proper electromagnetic confinement and minimize
radiation leakage, the dimensions of conductive vias are pre-
cisely calculated in accordance with established design guide-
lines [19,20]. In order to keep radiation loss minimal, the di-
mension of via diameter “d” and pitch distance “p” should sat-
isfy the condition specified in Eq. (1).

A
d<?g and p<2d (1)

where Ag is the guided wavelength. Based on Eq. (1), the cal-
culated value of via diameter “d” is 0.3 mm, and pitch distance
“p” is 0.6 mm to ensure proper wave confinement within the
intended operating frequency band. The effective width “as”
determines the passband characteristics of the SIW structure,
which is analogous to the width of a conventional metallic rect-
angular waveguide. It determines the cut-off frequency and
propagation characteristics of the dominant mode. The effec-
tive width can be calculated using Egs. (2)—(5). In a rectangular
waveguide, the cut-off frequency, “fc”, can be obtained from

Eq. (2)

@)

f c \/(mw>2+(mr>2
cC = — — -
27 a b
where “c” is the speed of light; “m and n” represent the number
of modes; “a and b” are the dimensions of the waveguide. For

dominant mode transmission, the dimension “b” can be omitted.
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TABLE 1. Antenna dimensions.

Parameter | Dimension (mm) Description

do 4.20 Distance of NIAT cell from taper transition
di 8.40 Distance between adjacent NIAT cell
hi 1.77 Horizontal radiator length

v 4.85 Vertical radiator length
Tw 0.4 Radiator width

04 13 Offset distance

D 0.6 Pitch distance

d 0.3 Diameter of the via

fw 0.8 Feed width

fi 6.0 Feed length

t 3.12 Taper length

tw 2.0 Taper width

Is 67.50 Length

as 5.50 Effective width

Il Top and Bottom Layer
Metalic Via
Il Substrate

(b)

E as

FIGURE 2. SIW structure, (a) cross-sectional view, (b) broadside wall view.

Then Eq. (2) becomes

c

fo=o

2a )

In the case of dielectric-filled waveguide structures, such as
SIW, Eq. (3) becomes
c

2ave,

where “e,” is the relative permittivity of the substrate material.
The effective width “as” is determined by

fc= C))

d2
0.95p

as =w — &)
where “w” is the width of the substrate. Based on Eq. (5), the
effective width “as” was found to be 5.45 mm and optimized to

5.50 mm for the desired operating frequency band.

2.2. Design of Radiator Slot

A radiator slot in an SIW structure is formed by etching a por-
tion of the metallic broadside wall surface, forming an aperture
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area with a specific length and width. When the SIW is excited
by RF energy, the electromagnetic fields propagate along with
the SIW structure. The presence of the slot introduces a dis-
continuity in the current distribution on the conducting surface,
allowing a portion of the confined energy to radiate into free
space. The antenna dimensions were computed using Eqgs. (6)—
(7). The guided wavelength (\g) inside a rectangular air-filled
waveguide can be obtained by

(6)

Ao
Ag = =

1-(52)
where Ao and Ac are the free space wavelength and cut-off
wavelength, respectively. For a dielectric-filled medium, such
as SIW, the relative permittivity “e,.” is considered, and then
Eq. (6) becomes,

Ao
Ag = : (7)
Er — (%)

Each slot is designed to resonate at a specific frequency, with
its length typically chosen close to half the guided wavelength.
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In practice, fractions of the free space wavelength, such as
Ao/4 or A\,/8, may also be used for miniaturization [21]. To
achieve in-phase radiation, the first slot is placed at a distance
of A\g/4 from the excitation source. The subsequent slots are
spaced Ag/2 apart, so that the fields radiated from each slot
add the electromagnetic waves constructively in the far field.
This configuration provides high gain and directivity at a sin-
gle frequency. Here, an asymmetrical slot configuration is em-
ployed to achieve a boarder bandwidth and gain. The verti-
cal slot length “v;” is optimized to 4.85 mm, corresponding
to A,/2 of the lower 27 GHz band, while the horizontal slot
length “h;” is optimized to 1.77 mm, corresponding to \,/4 of
the higher 28 GHz band. The higher-frequency slot dimen-
sion is chosen as \,/4 to avoid physical intersection between
the two slots. To achieve enhanced impedance bandwidth and
gain, a novel NIAT unit cell is incorporated into the proposed
design. The longer vertical slots excite the lower-frequency
resonant mode due to its longer effective current path length,
whereas the shorter horizontal slots are responsible for gen-
erating the higher-frequency resonance. When these two slot
configurations are combined within a single unit cell, their re-
spective resonances effectively couple and merge, resulting in
a significantly broadened impedance bandwidth. Furthermore,
the horizontal and vertical slots are intentionally separated by a
finite offset distance to avoid direct physical interconnection.
This novel design approach avoids unnecessary enlargement
of the overall structure and minimizes potential degradation
in impedance matching and radiation performance. A detailed
breakdown simulation analysis has been carried out using a sin-
gle NIAT unit cell to validate the bandwidth and gain enhance-
ment. The simulation has been carried out by placing the ra-
diator element at a distance of “dy” (4.20 mm) symmetrically
from both taper transition ends. The vertical slot configuration
exhibits a distinct resonance around 27.60 GHz, while the hori-
zontal slot configuration produces a resonance near 28.40 GHz.
However, the NIAT unit cell exhibits a wider impedance band-
width of 1.8 GHz spanning from 27.2 GHz to 29 GHz due to
the merging and superposition of these resonant modes, as in-
dicated by the solid curve in Figure 3(a). The gain characteris-
tics shown in Figure 3(b) indicate that the individual horizon-
tal and vertical slot configurations contribute only marginally
to the overall gain, due to their limited effective aperture and
radiation efficiency. However, when combined, a noticeable
improvement is achieved. The NIAT unit-cell antenna exhibits
a simulated gain of approximately 1.5 dBi at 28.2 GHz, which
increases to 2.2 dBi at 29 GHz. Despite this improvement, the
gain level remains relatively lower, indicating the need for fur-
ther improvement. To address this, an array configuration is
employed. The Sp; results presented in Figure 3(c) demon-
strate that the horizontal slot array achieves a relatively wider
bandwidth at higher frequencies. Conversely, the vertical slot
antenna array exhibits greater suppression at lower frequen-
cies. Notably, the combined NIAT array configuration com-
bines the advantages of both slot types, resulting in an enhanced
impedance bandwidth of 1.9 GHz ranging from 27.1 GHz to
29 GHz. The gain enhancement achieved through array forma-
tion is further illustrated in Figure 3(d). The array consisting
of only horizontal slots achieves a peak gain of approximately
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7.9 dBi, and the vertical slot array reaches around 10 dBi. In
comparison, the proposed novel NIAT array configuration de-
livers a peak gain of 11.60 dBi. This improvement is attributed
to constructive interference and more efficient beam formation,
leading to increased gain, as indicated by the solid curve.

The surface current distributions of the NIAT slot at 27 GHz,
28.2 GHz, and 29 GHz are illustrated in Figures 4(a)—(c), re-
spectively. At 27 GHz, the maximum surface current density
is concentrated at the ends of the longer vertical slot, indicat-
ing that the vertical slot primarily contributes to the lower res-
onant mode. The shorter horizontal slot exhibits weak current
concentration, indicating a negligible contribution at the lower
frequency band. At 29 GHz, strong current concentration is ob-
served around the shorter horizontal slot, confirming its role
in exciting the higher-order resonant mode. At 28.2 GHz, sig-
nificant current distribution is observed simultaneously around
both slots, indicating concurrent excitation of the two resonant
structures and resulting in resonance merging and an enhanced
impedance bandwidth.

2.3. Design of SIW to Microstrip Transition

To achieve proper impedance matching, a tapered matching
section is introduced between the SMA connector and the main
antenna structure, as shown in Figure 5(a), and its effect on
impedance bandwidth is shown in Figure 5(b). The effective
permittivity (¢.) of the substrate can be obtained from Eq. (8).

. _etl -1 1
=
2 2 112

®)

where “c,.” is the relative permittivity of the substrate, “h” the
substrate height, and “tw” the width of the transition. The
characteristic impedance Z, of SIW-to-Microstrip Transition
(SMT) can be obtained using Eq. (9).

h

7 — o v )
€0y tw

If the tw/h ratio of the SIW structure is < 1, Eq. (9) becomes,

60
Zy= ——1
\VEO n

If the tw/h ratio of the SIW structure is > 1, Eq. (9) becomes,

8h 0.245@

w + 5 (10)

1207
V20 +1.393 + 0.667 In (42 + 1.444)

Zy = (11)

Here, the tw/h ratio of the SIW structure is < 1, and Eq. (10)
is used to determine the value of “tw” as given in Eq. (12).

8e”

tw=nh
v e — 2

(12)

0.11)> (13)
er
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FIGURE 3. Breakdown analysis of NIAT configuration, (a) S11 parameters — single unit, (b) gain — single unit, (¢) S11 parameters — array, and

(d) gain — array.

The width of the feedline “fw” can be computed by Eqgs. (14)—
(15).

;—Z = 4.38¢7067% (14)
as er
ﬁ’V _ 133 0.627 % (15)

Egs. (8)—(15) are used for SMT design [22, 23]. The taper width
“tw” and feed width “fw” were initially calculated and opti-
mized to 2.0mm and 0.8 mm, respectively, to achieve better
impedance matching.
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3. PARAMETRIC OPTIMIZATION

The key design parameters of the proposed antenna were sys-
tematically varied over specific ranges to achieve optimal per-
formance in terms of impedance matching and bandwidth. The
effective width “a” plays a crucial role in determining the op-
erating frequency band of the antenna. When a;, = 4.5 mm,
the antenna fails to cover the lower-frequency region due to an
increased shift in the cut-off frequency, which restricts proper
wave propagation. However, increasing the effective width
to 6.5mm results in an impedance mismatch at higher fre-
quencies. An optimal value of “as” is found to be 5.5 mm,
which enables wideband operation over the frequency range
of 27GHz to 28.68 GHz, as illustrated in Figure 6(a). The
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FIGURE 4. Surface current distribution (a) at 27 GHz (b) at 28.2 GHz (c) at 29 GHz.
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FIGURE 5. SIW to microstip transition section. (a) Broadside view and (b) S11 characteristics.

spacing between the intermediate NIAT elements, represented
as “d;”, significantly affects both the resonant frequency and
the impedance bandwidth of the antenna. A closer spacing of
d; = 6.2mm shifts the resonance toward lower frequencies
due to stronger electromagnetic coupling between adjacent ele-
ments, effectively increasing the electrical length. Conversely,
increasing the spacing to 10.40 mm weakens the coupling, shift-
ing the resonance to higher frequencies. An optimized spacing
of dy = 8.4 mm is found to provide the desired operating band-
width, as shown in Figure 6(b). Furthermore, the vertical slot
length, denoted as “v;”, is a key parameter in controlling the
resonance behavior. It is optimized to 4.85 mm to achieve a
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resonant peak around the desired frequency band, as shown in
Figure 6(c).

4. RADIATION PATTERN

The radiation characteristics of the antenna are analyzed in both
the E-plane (Y-Z axis) and H-plane (X-Z axis) at 27.5 GHz,
28.2 GHz, and 28.5 GHz, as illustrated in Figure 7. The results
demonstrate stable radiation characteristics across the 27.5 GHz
to 28.5 GHz frequency range in both the £-plane and H -plane.
At the resonant frequency of 28.2 GHz, the E-plane radiation
pattern exhibits a highly directive beam with the maximum sim-
ulated gain of 11.60 dBi, while the measured gain is 10.51 dBi.
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FIGURE 6. Parametric variation of S11 under changes in (a) effective width “as”, (b) distance between radiator element “d,”, and (c) vertical slot

length “v;”.

The antenna achieves a narrow HPBW of 8.1°, indicating a
well-focused radiation beam along the intended direction of
propagation. The side-lobe level in the E-plane is observed
to be —13.3 dB, which confirms effective suppression of unde-
sired radiation components. Furthermore, the antenna demon-
strates a higher XPD level of 25 dB, ensuring good polarization
purity and minimal orthogonally radiated field components.
The 3D radiation patterns of the proposed antenna at the res-
onant frequency of 28.2 GHz in both E-plane (Y-Z axis) and
H-plane (X-Z axis) are illustrated in Figure 8(a) and Figure
8(b), respectively. The results confirm that the E-plane radi-
ation pattern is highly directive, characterized by a narrower
HPBW, and the presence of side lobes is very low. As a result,
the antenna concentrates energy more efficiently in a specific
direction within this plane, thereby increasing directivity. In the
H-plane, the radiation pattern is relatively broad and smooth,
forming a dome-shaped main lobe. The electric field distri-
bution of the proposed antenna at the resonant frequency of
28.2 GHz is illustrated in Figure 8(c). It indicates that the elec-
tric field is uniformly distributed along the radiator slot, form-
ing constructive wave patterns due to the resonance within the
structure. This uniformity indicates that the antenna efficiently
supports the desired mode of operation at the desired operat-
ing frequency. A noticeable concentration of the electric field
near both feed lines highlights effective coupling and efficient
power transfer from the source to the radiating element. This
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high field intensity at the feed region confirms that minimal
power is reflected back during excitation, thereby improving
radiation efficiency. Furthermore, the field distribution is sym-
metrical about the central axis of the antenna, ensuring a stable
radiation behavior and balanced operation.

5. DIELECTRIC LENS ANTENNA SETUP

A cylindrical dome-shaped PTFE-based diclectric lens with a
relative permittivity of 2.1 is positioned above the radiator slots
to enhance the gain of the proposed antenna. The lens focuses
the radiated electromagnetic waves in the desired direction of
propagation, thereby improving radiation efficiency and reduc-
ing beam spreading. The dome-shaped DLA is designed with a
diameter “dm” of 7mm and a height “dh” of 7.6 mm and fab-
ricated with 3D printing. These dimensions are carefully opti-
mized and positioned above the radiating aperture to optimize
the field collimation, resulting in improved gain. The radiated
waves from the slot antenna enter the dielectric medium, where
its phase velocity decreases, causing the wave fronts to bend
and converge. Owing to the dome-shaped geometry, different
portions of the wave experience controlled phase delays, effec-
tively transforming the spherical wave front emitted by the slot
into a more planar wave front at the lens aperture. This phase
correction mechanism reduces beam divergence and enhances
radiation in the boresight direction, resulting in improved an-
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FIGURE 7. Radiation pattern at both E-plane (Y'-Z axis) and H-plane (X-Z axis) at 27.5 GHz (a) & (b), 28.2 GHz (c¢) & (d), 28.5 GHz (e) & (f).

tenna gain. The simulated model of the dielectric lens system
is shown in Figure 9(a). The fabricated prototype is presented
in Figure 9(b). The measured gain and efficiency matrices are

shown in Figure 9(c) and F

igure 9(d), respectively. The re-

sults indicate that the measured gain increases from 10.51 dBito
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12.50 dB4i, and the radiation efficiency improves from 84.82%
to 86.35% with the addition of the DLA. These results confirm
that the incorporation of the DLA improves both the gain and
radiation efficiency.
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FIGURE 9. The DLA configuration, (a) simulated model, (b) fabricated prototype, (c) gain, and (d) radiation efficiency.

6. EXPERIMENTAL VALIDATION

The antenna was fabricated on an RT/Duroid 5880 substrate,
as shown in Figure 10(a). The via section was drilled with a
0.3 mm-diameter drill bit, and a copper stitching method was
employed for via placement. This approach eliminates solder
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residues and minimizes unintended physical alterations to the
surface, thereby preserving the antenna’s performance. Both
ends of the antenna were interconnected using 35 GHz wide-
bandwidth SMA connectors to ensure good signal integrity dur-
ing measurements. The experimental validation was carried out
using a Keysight-N5227B 67 GHz vector network analyzer as
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FIGURE 11. Experimental validation, (a) S11 parameters, (b) gain, and (c) radiation efficiency.
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TABLE 2. Comparison of antenna performance matrices.

Operating . Gain Per . . L.
Antenna HPBW XPD Gain . Electrical Size Radiation
Ref Frequency . Unit Cell 3 .
Structure (Degree) (dB) (dBi) . (M) Efficiency (%)
(GHz) (dBi)
A-shaped Omni
[7] shape 10.76/12.39 | o 185 |6.12/6.15 ; 1.027 x 1.35 x 0.025 82.5
SIW Antenna Directional
T-Shaped
8] ape 8.8-10.9 120 - 73 ; 0.63 x 1.07 x 0.03 86
SIW Antenna
L-Shaped SIW Omni
9] ape 9.4-10.5 o 23 9.5 7.8 0.46 x 2.1 x 0.025 ;
Array Antenna Directional
1 x 4 SIW
[10] Dipole Array | 24.12-30.83 60 - 11.02 6.98 2.30 x 4.38 x 0.27 -
Antenna
CSRR-Based
[11] ase 10.2/16.9 2 25 | 11.6/112| 4.61/421 | 3.15 x 1.80 x 0.028 -
SIW Antenna
Cavity-backed
[12] Metamaterial 27.42/28.70 54 - 6.40/4.77 5.72 1.34 x 0.93 x 0.046 -
SIW Antenna
SIW-Slot
[13] © 28 16 30 13 3.97 0.667 x 4.84 x 0.023 -
Array Antenna
Cavity-backed
[14] AVIY-DACRee | 14.43-16.49 140 10 47 ; 0.77 x 1.63 x 0.07 -
SIW Antenna
L-Shaped Omni
[15] ape 26-28 om 35 75 ; 1.26 x 1.62 x 0.0708 90
SIW Antenna Directional
Mushroom .
Omni
[16] Patch SIW | 25.98-40.18 | 38 7.2 - 1.12 x 1.21 x 0.07 85
Directional
Antenna
NIAT-SIW
27-28.54 8.1 25 10.51 2.20 6.30 X 1.07 x 0.046 84.82
This Antenna
TAT-SI
Work N DLiW 27-28.54 8.1 25 12.50 4.65 6.30 X 1.07 x 0.046 86.35

shown in Figure 10(b). The radiation pattern measurements are
conducted in an anechoic chamber, as shown in Figure 10(c).
The simulated and measured reflection coefficients are pre-
sented in Figure 11(a). A bandwidth deviation of 360 MHz
(1.22%) is observed between the simulated and measured re-
sults, especially in the upper-frequency region. This shift is
mainly attributed to fabrication tolerances, SMA connector sol-
dering losses, and slight variations in substrate parameters. The
gain and efficiency matrices are shown in Figure 11(b) and Fig-
ure 11(c), respectively. The performance comparison presented
in Table 2 highlights that the proposed antenna achieves higher
gain, enhanced XPD levels, improved efficiency, and a highly
focused narrow beam compared to existing designs reported in
the literature.

7. CONCLUSION

A compact, high-gain millimeter-wave SIW antenna is pre-
sented for precision radar sensing and n-257 5G communication
applications. The antenna operates over a bandwidth of 27 GHz
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to 28.54 GHz, covering the n-257 5G band spectrum with sta-
ble performance across the desired frequency range. The pro-
posed design exhibits a highly directive radiation pattern with a
narrow beamwidth of 8.1°, low side-lobe levels, and excellent
XPD levels, making it suitable for high-resolution mm-Wave
radar sensing. The antenna achieves a peak gain of 10.51 dBi
with a radiation efficiency of 84.82%. With the adoption of
a DLA configuration, the gain is enhanced to 12.50 dBi, with
an improved radiation efficiency of 86.35%. Overall, the pro-
posed antenna combines compact size, high gain, improved ef-
ficiency, and focused radiation beam characteristics, making
it an ideal choice for next-generation mm-Wave radar systems
and point-to-point 5G portable wireless communication appli-
cations.
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