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Abstract

This paper investigates a low-profile, low-cost and high
gain D-band Fabry-Perot (FP) antenna for millimeter-wave
(mm-wave) applications. The geometric configuration of
the antenna comprises with a top partially reflective surface
(PRS) which is mounted over a metal-coated dielectric sub-
strate. The standard rectangular waveguide (WRS5) is em-
ployed below the ground-plane to excite the antenna. The
proposed D-band FP antenna shows a maximum gain of 16
dBi at 151.2 GHz with a good impedance matching with an
S11 value of -12 dB. The impedance matching is achieved
by employing a pair of rectangular strips along the left and
right edges of slotted ground-plane. Moreover, the total ef-
ficiency of this D-band FP antenna is around 60%. This
type of high-gain antenna holds potential applications in
high-frequency mm-wave spectrum, including remote sens-
ing and radar systems.

1 Introduction

The mm-wave spectrum which contains the operating fre-
quencies from 30 GHz to 300 GHz, gaining a significant
attention in various applications namely antennas, high-
frequency circuits, and integrated mm-wave and terahertz
(THz) devices [113]]. The upcoming sixth-generation (6G)
technology has achieved the interest of researchers owing
to its prominent role in mm-wave and sub-THz communi-
cation systems [4]. The mm-wave band contains high fre-
quencies and it attracts the research community owing to its
demand in a series of important applications including, re-
mote sensing, automotive radars, astronomy, medical imag-
ing, and advanced wireless communication systems etc [5].

High-directional antennas play a pivotal role in mm-wave
applications and they minimize the propagation losses in
a long-range communications. FP antennas have become
popular due to the advancements in wireless communica-
tion systems and the increasing demand for high-gain in the
high-frequency mm-wave spectrum [[6]. FP antennas have
attracted significant attention in recent years due to their
advantages, such as high gain, low profile, simple structure,
and cost-effectiveness, making them a suitable candidate
over bulky horns or corporate-fed arrays. The application
of FP antenna technologies has extended to the mm-wave
band and they can be implemented by employing band-gap
(BG) structures, periodic PRS, single-layer dielectric super-
strates, and frequency-selective surfaces (FSS). The main
advantage of using a FP antenna is to realize an increased
gain and it also provides an efficient and cost-effective fab-
rication [7]]. The geometrical layout of the standard FP an-

tenna comprises with an input source, a ground plane, and a
PRS placed at a A /2 distance from the ground plane which
forms an air-filled cavity [8].

Other types of FP antenna structures have been imple-
mented using different design methodologies, including the
utilization of single and multilayered PRS to achieve wide-
band [[9-14]], dielectric superstrates [15,/16], shaped ground
planes [[17], and conical short horns [18]]. Most of the avail-
able FP antennas operate in microwave frequencies. Some
mm-wave FP antennas are also reported in the literature,
typically implemented with a single-layer configuration of
PRS. For instance, a 30 GHz FP antenna is presented in [[19]
employed PRS to enhance the gain by 8.5 dB. Moreover,
numerous FP antennas have been specifically designed for
60 GHz or 90 GHz, employing a single-layer dielectric
PRS [20] and dual-layer dielectric PRS [21H23]]. In refer-
ence [20], a single substrate with coaxial probe feeding has
been utilized by cutting the ground-plane, whereas in refer-
ences [21H23]], they employed a dual-layer of dielectric sub-
strates to achieve the desired level of gain. Typically, within
FP antennas, radiation bounces back and forth between the
upper PRS and the lower ground-plane of the dielectric cav-
ity. When a fraction of the radiation reaches beyond the
cavity, it creates an in-phase superposition, leading to an
enhanced directivity along the boresight direction [24}25].

In this article, the authors aim to design a FP antenna for
high-frequency mm-wave band, with a specific focus on
the D-band. The proposed D-band FP antenna consists of
a single block of a thin dielectric ITERA MT40) where
an array of inductive grids serving as a PRS is etched on
the top side. To excite the antenna, a WRS rectangular
waveguide is employed as the input source, with an oper-
ating frequency range spanning from 140 to 220 GHz. The
waveguide is connected to the bottom side of the dielectric
layer through an aperture which is opportunely designed to
achieve impedance matching. The proposed D-band FP an-
tenna exhibits resonance at 151.2 GHz and achieves a gain
of 16 dBi. Due to the simplicity, low-cost and compactness,
the proposed high-gain antenna holds potential applications
in high-frequency mm-wave scenarios, including radar sys-
tems and remote sensing applications.

2 Design of a FP antenna

The geometric layout of the proposed D-band FP antenna
is highlighted in Fig. It composes of a top FSS which
serves as a PRS and they are grown over a dielectric sub-
strate made of ITERA MT40 (g, = 3.38, tand = 0.0027).



The thickness of the dielectric substrate is selected as 0.5
mm which corresponds to a half-wavelength at the antenna
operating frequency. The top PRS and bottom ground-plane
are made of metallic copper having thickness of 0.035 mm.
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Figure 1. Geometric layout of the proposed D-band FP an-
tenna, comprising a total of 3232 unit cells (a) Side view
of the unit cell featuring a three layers device configuration
with top and bottom layers of copper and a middle dielec-
tric spacer, where P = 0.55 mm, W = 0.11 mm and d = 0.5
mm (b) Bottom view of the proposed D-band FP antenna
showcasing a pair of rectangular strips for single waveg-
uide source excitation and (c) Side view of periodic arrays
of PRS showcasing a unit cell array. This depiction illus-
trates a periodic surface with a 109 unit cell configuration
as an example.

The total size of the antenna is selected as 17.6 mm
X 17.6 mm (32x32 unit cells). The length and width
of each contributing inductive grid are optimized as
0.55 mm and 0.11 mm respectively. For the excitation
purposes, a WRS5 rectangular waveguide is employed
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Figure 2. Performance analysis of the proposed D-band
FP antenna with a variation of gap (G) (a) The trend of Sy
parameter of the proposed D-band FP antenna under the
variation of different values of the parameter G, and (b) The
trend of maximum gain of the proposed D-band FP antenna
under the variation of different values of the parameter G.

below the ground-plane. The corresponding length (L)
and (W,) of this waveguide are 1.3 mm and 0.65 mm
respectively, as described in Fig. [Ib] The entire model-
ing and simulation performance of the proposed D-band
FP antenna are characterized by using CST studio software.

3 Results and discussion

In this section, the performance analysis of the proposed
D-band FP antenna has been discussed. Initially, the
impedance matching characteristics of the designed an-
tenna is described in section 3.1. Thereafter, the key pa-
rameters of the proposed antenna including gain, efficiency
and Sy have been explained in next section 3.2.

3.1 Impedance matching

To achieve the required impedance matching condition
of the proposed D-band FP antenna, a pair of rectangular
strips is used beneath the ground-plane. The gap (G)
between the two strips which is a key parameter to achieve
the desired impedance matching condition at the required
frequency point. When the gap (G) varies, it significantly
affects the S1; parameter of the proposed FP antenna while
keeping the gain fixed.

Fig. ]illustrates the variation in the Sj; parameter and gain
as we adjust the value of G within the range of 0.38 mm to
0.46 mm, with an increment of 0.02 mm. Fig. [24] clearly
demonstrates that as G increases, the S;; shifts towards
lower operating frequencies, accompanied by a decrease
in magnitude of Sy;. Ultimately, at G = 0.44 mm, the pro-
posed FP antenna exhibits good impedance matching and
shows an S;; value of -12 dB at 151.2 GHz. Furthermore,
the suggested D-band FP antenna demonstrates a nearly
identical gain pattern when varying the parameter G from
0.38 mm to 0.46 mm in 0.02 mm increments, as presented
in Fig. [2B] It achieves a peak gain of approximately 16 dBi
at 151.2 GHz across all the values of G.

3.2 Radiation performance
To achieve the maximum gain from the proposed D-band
FP antenna, an arrangement of 32x32 unit cells, compris-
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Figure 3. Performance of the proposed D-band FP antenna
with and without the matching strips. (a) Maximum gain
and Sp; without rectangular strips and (b) Maximum gain
and S;; with rectangular strips.
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Figure 4. Comparative analysis of the total efficiency of the
proposed D-band FP antenna with and without matching
strips.

ing inductive grids, is printed on a dielectric substrate, serv-
ing as a PRS. In Fig. [3] a comparative analysis of the per-
formance of the proposed D-band FP antenna is presented
by analyzing on its maximum gain and S1; parameter with
and without the matching strips. Initially, we examine the
scenario where no rectangular strips are used along the left
and right edges of the slotted ground-plane, as illustrated in
Fig. [3a] From Fig. [34] it is evident that the proposed an-
tenna is not radiating efficiently and this is attributed to the
impedance mismatch between the input source and the top
PRS. Nevertheless, it achieves a maximum gain of 16 dBi.
On the contrary, Fig. BB illustrates the same trend of the
gain over a large frequency spectrum but it shows a good
impedance matching with an Sy; value of -12 dB at 151.2
GHz. This impedance matching is achieved by employing
a pair of rectangular strips along the left and right edges of
the slotted ground-plane.

Fig. [ provides a comparison of the overall efficiencies
between two configurations: one without rectangular strips
and the other with rectangular strips. As depicted in Fig. [
the proposed D-band FP antenna achieves a total efficiency
of 60 %, when a pair of rectangular strips is incorporated
beneath the slotted ground-plane. Conversely, the configu-
ration without a pair of rectangular strips demonstrates a
lower efficiency, approximately 6 %.

4 Conclusion
A mm-wave Fabry-Perot antenna operating in the D-band
has been designed. The proposed FP antenna consists

of a single block of dielectric ITERA MT40), which
is etched on the top side to obtain an array of 32x32
unit cells of inductive grid, served as a PRS. The bottom
surface of the dielectric features a metallic layer with the
combination of waveguide aperture, where metallic strips
are vertically placed and optimized to achieve impedance
matching. The key parameters of the proposed FP antenna
such as gain, S, and efficiency were taken into account
to briefly study the performance. The antenna demon-
strated a maximum gain of 16 dBi and an efficiency of 60%.
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