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Abstract—Omnidirectional radiation pattern with minimum
backward radiation is highly desirable for millimeter-wave
telecommunication antennas. In this work, we propose a round,
semitransparent ground plane of radius 0.8λ with uniform
impedance distribution that can reduce the back radiation of a
monopole antenna by 8.8 dB as compared with a similar sized
metallic ground plane. The value of uniform impedance is
obtained through analytical optimization by using asymptotic
expressions in the Kirchhoff approximation of the radiation
pattern of a toroidal wave scattered by a round semitransparent
ground plane. The semitransparent ground plane has been
realized using a low-cost carbon paste on a Kapton film.
Experimental results match closely with those of simulations and
validate the overall concept.

distribution. We optimize the value of the impedance to
minimize the backward radiation of the monopole using an
asymptotic formula for radiation pattern of a toroidal wave
scattered by a round semitransparent ground plane. Also, we
present experimental radiation patterns and S11 of the
monopole with semitransparent and metallic ground planes.
II. THEORETICAL OPTIMIZATION OF THE TRANSPARENCY OF
THE GROUND PLANE
Let’s consider a monopole which is formed by a cylinder of
radius a, length Lm, and a conical base for increasing of the
bandwidth. It is located on the axis of a semitransparent
ground plane of radius R and is excited by a coaxial cable
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I. INTRODUCTION
New
millimeter-wave
telecommunications
require
development of antennas which provide omnidirectional
radiation pattern in upper half-sphere and low level of
backward radiation. A monopole with a round ground plane is
well-suited for these requirements. Different types of round
ground planes [1], such as metallic ground planes, choke rings,
impedance ground planes and semitransparent ground planes,
have typically been used to reduce the backward radiation of a
monopole. A metallic ground plane provides high suppression
of the backward radiation but the radius of the ground plane
must be large. Choke ring and impedance ground planes
provide narrow-band solutions. A semitransparent ground
plane of small radius has been used to obtain low backward
radiation of a monopole for a wide bandwidth [1]-[3].
However, in those papers it was proposed to use ground planes
with non-uniform isotropic resistive impedance which was
realized through a complex R-card technology.
The proposed structures with non-uniform impedance
distribution are difficult to realize for millimeter-wave bands,
so in this paper we investigate the design and realization of a
wideband monopole that employs a round semitransparent
ground plane with uniform isotropic resistive impedance
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Fig. 1. The monopole with the ground plane. Side view.

(Fig. 1). The ground plane with isotropic transparency in
cylindrical coordinates (ρ, φ, z=0) is characterized by a
reflection coefficient η(ρ) and a transmission coefficient
τ(ρ)=1–η(ρ) for a magnetic field intensity vector on the surface
of ground plane. Impedance of semitransparent surface Z is
related to the reflection coefficient as η(ρ)=60π/(Z(ρ)+60π).
For our task, we assume that the ground plane has a central
metallic area with radius of R1 which is more than radius of
the monopole, Z(ρ)=0 for 0≤ρ<R1, a<R1, and a periphery area
with a uniform isotropic resistive impedance Z(ρ)=A for
R1≤ρ≤R. Let’s optimize the parameters A and R1 of the ground
plane to reduce the backward radiation of the monopole. For
this case we consider a goal function which is mean square
power radiated in the sector of angles 160º≤θ≤180º:
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Here, HφΣ(θ) is the radiation pattern of the azimuthal
component of the magnetic field intensity vector of the
monopole with the ground plane in spherical coordinates (r, θ,
φ). We use asymptotic formula for HφΣ(θ) in the Kirchhoff
approximation which was obtained for the task of scattering of
a toroidal wave by a round semitransparent ground plane [1]
for minimization of the goal function (1):
H    Hs R1 ,    Hs R,  ,
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Fig. 3. Radiation patterns of the monopole with the ground planes.

,

where k=2π/λ (λ is wavelength), i is the imaginary unit, and
Jn(x) is Bessel function of order n and argument x. We use the
model of a monopole which was described in [1] to determine
the radiation pattern of the monopole without the ground plane
Hφ(θ). We assume that the electric current flows on the
monopole surface along its axis and it can be presented as a set
of annular electric currents jm(ρ,z)=δ(ρ-a)δ(z-(m-1)Lm/M)z0 [1]:
𝐣Σ𝑒 (𝜌, 𝑧) = ∑𝑀
𝑚=1 cos(0.5(𝑚 − 1)𝜋/𝑀)𝐣𝑚 (𝜌, 𝑧), where δ(z) is
the Dirac delta-function of argument z; z0 is the unit vector in
the z-direction. We seek the asymptotic expression for the
radiation pattern of the monopole with the ground plane as a
superposition of radiation patterns created by each annular
electric current of the set jeΣ(ρ,z) with the ground plane. The
radiation pattern of the current jm(ρ,z) in free space has the
form Hφ(θ)=sinθJ0(kasinθ). After substituting Hφ(θ) for each
current jm(ρ,z) of the set jeΣ(ρ,z) in (2) with the parameters
R=0.8λ, a=0.05λ, h=(m-1)Lm/M, Lm=0.25λ, M=3 and providing
the minimization of the goal function (1) using the nonlinear
conjugate gradient method, we obtain the next optimum value
of the amplitude of impedance and the radius of metallization:
A=127 Ohm, R1=0.3λ.
III. THE PROTOTYPE AND EXPERIMENTAL RESULTS
Based on the results of the optimization, a monopole with a
round semitransparent as well as metallic ground plane of
radius 8 mm was fabricated and measured. The monopole in
the form of cylinder with radius of 0.4 mm (Fig. 2) has the total
length of 2.4 mm, where the conical base has a radius 0.25 mm
and a length of 1.3 mm. The monopole is excited by a 50-Ω
SMA connector. The semitransparent ground plane was
fabricated through spreading of a thin layer of carbon paste
with uniform thickness on a thin Kapton film. The value of the
impedance is 129 Ohm and the inner radius of the

Fig. 4. S11 of the monopole with the ground planes.

semitransparent surface is 3 mm.
Figs. 3, 4 plot the measured and simulated radiation
patterns at frequency of 30 GHz and S11 of the monopole with
the semitransparent (ST) and metallic (Met) ground plane.
Simulations were done using Ansoft HFSS software for models
with dimensions which are indicated above. Fig. 3 shows that
gain at θ=160º is -13.1 and -4.3 dBi for the semitransparent
and metallic ground plane’s cases respectively. Also we can
see the gain dropping in the upper half-sphere due to energy
losses in the resistive layer of the semitransparent ground
plane. Fig. 4 shows that the S11 for the monopole with the
semitransparent and metallic ground plane is similar.
IV. CONCLUSIONS
Thus, using the model of the scattering of a toroidal wave
by a round, semitransparent ground plane for the optimization
of transparency of the ground plane has allowed us to
determine the value of uniform isotropic resistive impedance.
This design provides with approximately 9 dBs lower back
radiation from the semi-transparent ground plane as compared
to the metallic ground plane.
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