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Abstract
Leaky-wave/Fabry-Perot antennas (LWAs/FPAs) are often
implemented by using an air-spacer cavity between the
ground plane and partially reflective surfaces (PRSs), which
complicates the fabrication process. In this paper, a sub-
strate integrated FPA is investigated by employing a de-
sign topology comprising a top PRS printed onto a metal
backed low-cost ITERA MT40 dielectric substrate. The top
PRS consists of a periodic array of simple patches that are
etched by using the standard photolithography method. A
pair of metallic strips are introduced in the slotted ground-
plane to achieve good impedance matching. The proposed
FPA achieves a high gain of 11 dBi and shows a simulated
impedance matching with an [Sj;| value of -18 dB at 85
GHz. Finally, the antenna is fabricated and its simulation
results are validated through multiple measurements con-
ducted on various samples.

1 Introduction

FP antennas are extensively studied for high-gain applica-
tions, including satellite communication []I[], remote sens-
ing [2]], radar detection [2], and astronomy [3]. They have
proven to be an effective solution for such applications be-
cause of their simple and easily fabricable design, which
incorporates an air cavity positioned at half the wavelength
between the ground plane and the top PRS [4}[5]. The most
significant and straightforward aspect of these antennas is
their excitation, as they can be easily fed using a simple
waveguide source, eliminating the need for a complex feed-
ing network typically required in multiple-input multiple-
output (MIMO) antenna arrays. In the past, various design
approaches for implementing FP antennas have been stud-
ied and include dielectric superstrates [6l7]], electromag-
netic band-gap structures [[8,9], multiple-layer PRS
and single-layer PRS etc.

Among the various design methods for FP antennas, the
PRS-based approach stands out as the most practical and
straightforward. This is due to its simple geometry, easy
fabrication process, and simple feeding mechanism [14].
The simplest and most standard design topology for PRS-
based FP antennas consists of metallic patches and
slots [16], due to their ease of design and fabrication. Al-
though FPAs are highly suitable for high-gain applications,
they typically require an air spacer between the ground
plane and the top PRS [I7419]. This configuration poses
significant fabrication challenges such as precise alignment

and careful mechanical design and is difficult to handle.
Numerous FPAs have been studied and explored, incorpo-
rating air cavities in their design configurations, as reported

in [T0/[11,[20H23]]. However, these designs cannot be inte-
grated with planar systems or printed circuit boards (PCBs).

(c)

Figure 1. 3D illustration of the FPA with a total size (L. xL)
of 31 mm x 31 mm with N shows the number of PRS ele-
ments and P denotes the periodicity of the unit cell, (b) Side
view of the unit cell with, P = 1 mm, M = 0.875 mm and
d = 1 mm, (c) Back view of the FPA, indicating the pair
of metallic matching strips with Ly = 3.098 mm, W, = 1.54
mm and G = 0.90 mm.
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Figure 2. Reflectivity of the proposed unit cell described in
Fig. [Tb|over varying size of the top patch.
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Figure 3. (a) |S1;| and realized gain with open waveguide
and (b) | S| and realized gain with a pair of metallic strips.
Inset shows the back view of the proposed FPA.

Most of the existing FPAs are designed for the microwave
frequency spectrum, extending up to the Ka band. How-
ever, there is growing interest in the millimeter-wave (mm-
wave) frequency range due to its numerous use cases and
applications, which require moderate gain, low-profile, and
high customizable antenna arrays. FPAs are promising can-
didates to meet these requirements. It is essential to de-
sign FPAs specifically tailored for the mm-wave spectrum,
with particular emphasis on the E-band, as it serves as the
current standard for multi-Gigabit connections in point-to-
point links and is foreseen to be exploited in 6G radio ac-
cess. To integrate smoothly with PCBs and planar systems,
these antennas should be fabricated on a substrate, unlike
traditional FPAs that rely on air-spacer cavities.

In this paper, the authors aim to design and fabricate an
FPA on a dielectric substrate made of ITERA MT40, po-
sitioned between the ground plane and the top PRS. The
top PRS consists of an array of metallic patches, making
its design configuration straightforward and easy to fabri-
cate. Additionally, a notable feature of this FPA is its sim-
ple waveguide feeding mechanism, in contrast to previous
FPAs that relied on aperture-coupled or coplanar slot feed-
ing techniques.

2 Antenna Layout

The schematic representation of the proposed FPA is shown
in Fig. [T} It includes the complete antenna structure (Fig.
[Ta), a side view of the PRS unit cell (Fig. [Ib), and a back
view of the antenna (Fig. [Ic). The FPA comprises a top
PRS, consisting of a periodic array of the capacitive patches
which are printed onto a dielectric substrate of ITERA
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Figure 4. Realized gain of the proposed FPA over varying
sizes.
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Figure 5. Radiation patterns of the proposed FPA at differ-
ent operating frequencies: (a) fy = 85 and 86 GHz, (b) fo =
87 and 88 GHz.

MT40 from Isola group (&, = 3.45, tan § = 0.0027). The di-
electric substrate is covered with a the slotted ground plane
and a pair of metallic strips used for impedance matching.
The copper thickness is used here is 0.35 mm. The design
and numerical simulation of the FPA is performed by using
the time-domain solver of the CST studio software from
Dassault system.

3 Results and Discussion

The basic principle behind these types of FPA is the selec-
tion of PRS with reflectivity around 90%, which allows us
to establish the resonant cavity between the bottom ground
plane and the top PRS. The top PRS optimizes its reflectiv-
ity to focus energy toward the main lobe. Without PRS, en-
ergy radiates isotropically, leading to increased side lobes.
To achieve high antenna directivity, the PRS unit cell is op-
timized for partial reflection characteristics, as illustrated in
Fig. [T} The reflectivity of the patch-based unit cell is an-
alyzed by varying the size of the patch, as depicted in Fig.

Once the desired reflectivity of the PRS unit cell is
achieved, the next step is to design the antenna, which con-
sists of an array of 31 x 31 square patches with an over-
all size of 31 mm x 31 mm. The performance metrics of
the designed antenna, including |S;| and realized gain, are
simulated and presented in Fig. 3] For comparison, Fig.
shows the |S};| and realized gain of the antenna without
the inclusion of the metallic strips. It is observed that the
antenna exhibits poor impedance matching, with an |Sy;|
value of -1 and a realized gain of 10 dBi at higher operating
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Figure 6. Fabricated sample of the proposed FPA with a size of 31 mm x 31 mm: (a) Front view of the FPA showing an arrays
of square patches-based PRS and (b) Back view of the FPA, showing waveguide alignment holes and the slot in the ground-

plane.
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Figure 7. Comparison of the full-wave Simulation and
measured (a) |S1;| (b) realized gain of the FPA. Measure-
ments are conducted on two different prototypes to verify
the replicability of results and fabrication tolerances.

frequencies. To achieve the desired impedance matching,
a pair of metallic strips are incorporated into the bottom
ground plane, as illustrated in the inset of Fig. [3b] Fig. 3b]
shows that the antenna achieves impedance matching, with
an |Sy;| value of -19 dB and a realized gain of 11 dBi at 85
GHz.

The gain is analyzed for various antenna sizes, as shown in
Fig. @ The proposed FPA demonstrates a broader band-
width for 8.85Ay compared to other sizes. While the other
antenna sizes also exhibit reasonable bandwidths, the larger
size is selected to accommodate alignment holes in the
ground plane for waveguide assembly. Furthermore, the
antenna radiation patterns at different operating frequen-
cies—85 GHz, 86 GHz, 87 GHz, and 88 GHz—are sim-
ulated and presented in Fig. [5] The results demonstrate that
the antenna maintains a stable radiation pattern with high
directivity, particularly in the boresight direction.

4 Fabrication and Measurements

In this section, the performance of the antenna is validated
by fabricating an array of 31 x 31 square patches with an
overall size of 31 mm x 31 mm. The patches are fabricated
on a low-loss dielectric substrate of ITERA MT40 using the
standard photolithography fabrication method. During fab-
rication, alignment holes are created to accommodate the
rectangular waveguide, considering the size of the flange
for proper excitation, as illustrated in the fabricated proto-
types shown in Fig. [6b]

To verify the simulation results of the proposed antenna,
measurements were performed on multiple samples of the
same antenna to ensure a fair evaluation. The fabricated
antenna sample is illustrated in Fig. [f] divided into two
sections: Fig. [6a] presents the front view of the antenna,
Fig. |6b| shows the back view featuring alignment holes for
positioning the rectangular waveguide.

During the measurement of multiple samples, a discrep-
ancy was observed in the dielectric constant of the ITERA
MT40 substrate. This discrepancy was identified because
the measured |S1;| values deviated from the simulated re-
sults. To verify this, multiple samples were fabricated and
their characteristics are measured, revealing that the fabri-
cated antenna exhibited peak performance at 79 GHz in-
stead of the expected 85 GHz. Consequently, the dielectric
constant of the simulated substrate was adjusted in the sim-
ulation to achieve resonance at 79 GHz, leading to an esti-
mated dielectric constant of approximately 4.3. The mod-
ified simulation results were compared with the measured
results, including |S;| and realized gain. As shown in Fig.
the simulated and measured |S;| values closely align.
Similarly, the gain comparison, presented in Fig. also
demonstrates a close match between the two.

S Conclusion

This paper reported a simple, low profile, substrate-
integrated FPA fabricated on a low-loss ITERA MT40 di-
electric substrate using standard photolithography. Unlike
previously reported FP antennas, this design featured an air-
cavity-free structure, which reduced design complexity and
enhanced compatibility with PCB and microstrip circuits.
It operated in the E-band of the mm-wave frequency range,
achieved a high gain of 11 dBi, and demonstrated excellent
impedance matching with an |S;| level of -18 dB. Perfor-
mance metrics, such as |S1;| and realized gain of the FPA
were validated through experimental measurements.
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