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Abstract: A radiating structure based on a dot line
has been investigated using a decomposition method in
combination with the concept of induced e ectromotive
forces. The influence of the size of a screen on the
digtribution of surface currents has been analyzed. Co-
and cross-polarized radiation patterns of a ot rhombic
antenna have been computed. It has been found that the
dot rhombic antenna has broadside radiation in the 1.85-
2.8 GHz freguency band. The radiation pattern and
voltage standing-wave ratio (VSWR) of the constructed
dot rhombic antenna have been measured.
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1. Introduction

Research into the electrodynamic characteristics of
radiating structures based on dot lines is an important
task being the base for creating new radiators with
specified parameters. The potential possibility of
radiating electromagnetic energy by dots in cylindrical
metal plates was first mentioned in [1], and the theory of
such radiators was developed in [2]. Theidea of using a
small round hole or a small rectilinear dot on the surface
of an dectric resonator with a high-frequency
electromagnetic field being excited was described in [3].
Electromagnetic waves radiate through the hole of the
resonator referred above so that it turns into an antenna
called diffractional due to the phenomenon of diffraction
on the hole in a receive mode, or a so-called dot
antenna, because the holes in the screen have usually the
shape of narrow dots.

Sot antennas meet the requirements of various
departments related to the electromagnetic radiation, and
it causes their wide application. These types of antennas
are used in the range of millimeter - decimeter waves as
embedded antennas in the integrated circuits of aircraft
antenna systems and missile guidance systems, mobile
communications,  biological  telemetry, flexible
applicators for radiofrequency physiotherapy and
microwave planar reflective sensors for material
humidity testing [4-6]. Slot radiators with circular
polarization are designed [7-9].

Devel oping multifrequency dot antennas for the use
in wiredless communication systems was a problem
considered in [10].

In [11] it was shown that a quas-TEM (quasi
transverse el ectric and magnetic) wave is tranamitted by
the two wires of adot line. The characteristic impedance
of the dot line can be controlled by varying the width of
the dot. The shape and the geometry of the ot line play
an important role in changing the electrodynamic
characteristics of the structure.

One of the advantages of the dot antenna is the
simplicity of excitation [3]. Usually the power supply of
the dot antenna is provided by two-wire feed [12, 13] or
coplanar line (CPL). Application of a CPL extends the
operating frequency band, improves impedance
matching and smplifies integration with solid active
devices[5, 14]. Equivalent magnetic currentsin both dot
lines of the CPL at a quasi-TEM mode radiate in an
opposite phase reducing to zero a cross polarized field
component [5]. The use of the CPL makes it possible to
create antenna arrays by connecting severa dot radiators
of complex shape[14].

In the early stages of the development of this theory
dot line antennas were considered in approximation to a
dot, cut in an infinite screen. For the problem of dot
excitation and the calculation of the radiation field A.A.
Pistolkors formulated the principle of duality [15]. The
radiation of the dot antenna can be defined as the
radiation of a fictitious "magnetic current” that flows
over the screen along the dot. Therefore, these radiators
are called magnetic. To find the equivalent magnetic
currents in the dot antenna of a closed form that is
commeasured to the wavelength the full wave method of
moments was used [7].

The dectric field distribution in the slot can be
obtained from the relationship between the dot and a
complementary wire antenna [13]. It was found that the
electric field digribution (magnetic current) in the dot
cut in an infinite eectroconducting screen is identical to
the eectric current distribution on a complementary wire
[16]. This approach was used in [6] to calculate the field
of an annular dot antenna. In that paper the annular
distribution of magnetic surface current flowing in the
infinite screen was chosen as the antenna model. For
different distributions of the electric field in the slot and
the different sizes of the ring, the features of radiation
pattern were reveal ed.



Viktor Hoblyk, Oleksiy Liske

In [17] the calculation of a broadband curved slot
radiator, whose mode is an infinitely thin radiator of the
same shape as the ot with a specified amplitude-phase
voltage distribution along it, was presented. The external
problem of designing the antenna with a cardioid
radiation pattern was reduced in that paper to solving the
Euler equation. To determine an optimal amplitude-
phase voltage distribution in an dliptical dot radiator the
Euler equation using grid functions was transferred to
the system of linear equations. The third iteration of the
computation procedure for these equations gives the
solution with the accuracy up to 10™ In [10] it was
shown that the high accuracy of single dot radiator
anaysis can be achieved by a transmission line method,
which in addition isquite smple.

Recently a number of commercial high-frequency
simulation tools for the numerical calculation of
electromagnetic fields were proposed. Those tools are
usually based on one of the following numerica
techniques: finite-difference time-domain method,
method of moments, finite element method [19].

Surfaces on which dot lines are placed have actually
finite sizesand areirregular in shape. It isnot possible to
obtain a rigorous solution to the eectrodynamic pro-
blem, and approximate solutions suitable for engineering
practice need to be devel oped.

This paper presents the results of developing the
method of investigating the eectromagnetic charac-
terigtics of the radiating dot line in the infinitely thin
conducting plate of alimited size.

2. Model of adot rhombic antenna

The geometry of a dot rhombic antenna (SRA) is
shown in Fig. 1a. A metal sheet with arhombshaped dot
lineis covered with a dielectric layer of thickness d with
a relative diglectric permittivity &. The dot line is
located symmetrically with respect to the y-axis.

The distribution of the current on the metal surfaces
is calculated by a decomposition method. The essence of
this method is as follows: 1) the meta sheet is replaced
by an unknown surface current  density
I y) =K+ 3,9 2) the conducting surface is

represented as a double-array of N verticad and M
horizontal infinitesimally thin dipoles which are much
smaller than the wavelength, L <</, located at a distance
Al from each other; 3) current distribution along the
dipoles is harmonious; active dipoles are located along
the dot line (Fig. 1,b) and fed in the center of 3-gap by
voltage, whose distribution law is typical for along line
with losses in the mode determined by a load impedance.

To give an example the following parameters have
been chosen for the geometry shown in Fig. 1la The
metal surface is defined as perfectly conducting layer of
infinitesimally small thickness, the perimeter of the
rhombic dot is Ls = 2:A,, the dot width isw = 1.5 mm,
the didectric substrate height is h = 1.5 mm, reative
permittivity of dielectric substrate ise, = 3.5.
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Fig. 1. Sot rhombic antenna geometry (a) and its mode (b).

The finite size of the diglectric substrate, on which
the metal screen islocated, has a significant influence on
the dot line waveength s. The value of the wavelength
necessary for the accurate determination of voltage
distribution for the given w/h ratio is obtained using the
closed-form expression described in [19].

The field in the dot line differs significantly from
the wave of T type. The field in the dot line has a
longitudina magnetic field component H and it is
actually an H type wave. Those lines can tranamit waves
of any frequency up tof = 0[16].

The magnitudes of unknown dipole current
densities are calculated from the known mutual coupling
matrix and the digribution of dipole feeding voltages.
The calculation is carried out by the method of induced
electromotive forces using the system of linear
equations.



Modeling the Radiation Field of a Sot Antenna in Finite Sze Screen

621,212y, 0 €, 0 84,0
< Ué a g, d
gzzl!zzz"-zzmljxélzl]:guza
8 Qd G & a
& ué ua gJ u

nU

3 nlL anﬂ elnlj . (1)
Fig. 2 shows the digribution of the module of the

vertical and horizontal components of the surface current
on the screen with arhombus ot line.
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Fig. 2. The amplitude of vertical (a) and horizontal (b) dipole
currents.

The size of the screen is 87x87 mm and the number
of vertical and horizontal dipoles equals 900.

The sum of these components shows the distribution
of SRA surface currents.

The influence of the size of the meta screen on the
distribution of the surface current isillustrated in Fig. 3.

From the Fig. 3 we can observethat if the size of the
screen expands in one direction, the surface currents
paradld to the longer side of the screen are excited. The
transverse component is concentrated within the dlot.

b

Fig. 3. The digtribution of surface currents of the slot in
vertical (a) and horizontal (b) screens.

On the basis of the obtained current density the far
field radiated by the planar array of dipolesis calculated.
It is done in accordance with the principle of pattern
multiplication, i.e, the pattern of one eement is
multiplied by the array factor (AF). The AF isgiven by

N
&(q,] ):é A gl (Fi+kr; cosg,) ,

i=1

(2

where N isthe number of dipoles;

A and &; are amplitude and phase distribution in the
array respectively;

pi isthe distance from the origin to thei-th element of
the array;

vi isthe angle between the directions from the origin
to thei-th element and to the observation point;

k is the wave number.

On the basis of the found currents the radiation
patterns of the SRA have been calculated by means of
MATLAB software at the frequency of 2.4 GHz (Fig. 4)
in the E- and H-planes.
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Fig. 4. Theradiation patterns of the SRA: a) copolarization
in YOZ plane, b) crosspolarization in XOZ plane.

For the given geometry of the dot line the symmetry
preservation of the radiation pattern for vertica
polarization in the YOZ vertical plane is observed, while
changing the vertical sze of the screen. As wel,
increasing the size of the screen leads to the gradual split
of the radiation pattern, caused by the presence of
oppositely directed surface currents. When changing
horizontal size of the screen, the symmetry of the
radiation pattern with respect to the YOZ plane for all
screen sizes is preserved owing to the antiphase feeding
of radiator arms.

By multiplying the radiation pattern in the E-plane
and H-plane, 3D radiation patterns have been obtained
for the vertically polarized field over the wide frequency
range (Fig. 59). The effect of the eectrically thin
didlectric substrate on the backward radiation has been
neglected. In the frequency range from 1.85 GHz to 2.8
GHz, the vertically polarized radiation with minimal side
lobes normal to the plane of the radiator is observed. The
gain obtained at 2.4 GHz is G = 4.88 dB. Owing to the
symmetric structure of the radiator the symmetry of the
horizontally polarized radiation pattern is observed in the
absence of radiation in the YOZ plane (Fig. 10-14).

3. Evaluation of decomposition method

To evaluate the accuracy and speed of the
caculation of eectrodynamic characteristics of the
antenna, the simulation of the dot radiator (fig. 1) has

been carried out. Three different 3D eectromagnetic
field stimulation softwares have been used: Microwave
Office performing calculations using the method of
moments, Ansoft HFSS using the finite element method
and CST Microwave Studio using the finite-difference
time-domain method.

The simulation results are presented in Table 1.

Table 1
Theresults of SRA simulation performed by
means of thr ee softwares

CST Microwave Studio
Transient solver Frequency domain
solver
Accuracy limit -30dB 0.001
76,160 hexahedral 123,491
Mesn cdls tetrahedrons
Simulation time 1:.02 34:32
Ansoft HFSS
Accuracy limit 0.0033
Number of Passes 20
Mesh 132,002 tetrahedrons
Simulation time 1:.08:11
Memory 1.13GB
AWR Microwave Office
Dimensions of cells 1.36x1.36 mm
Simulation time 12:05
Memory 82MB

The results confirm tha for analyzing microgtrip
gructures the method of moments is the most efficient
technique among those used in commercia high-frequency
smulation softwares for the numerica caculation of
eectromagnetic fidds.

Using the developed decomposition method,
calculation results have been obtained in 4 iterations
within 22 seconds, herewith the number of dipolesin the
antenna array is 1521. This result indicates that the
method mentioned above does not require high
computational resources and has a sufficiently high
processing speed in comparison with full-wave 3D
electromagnetic simulation tools.

To evaluate the accuracy of the numerica tech-
niques the comparison of the obtained simulation results
with experimental resultsis shown in Fig. 15.

An experimental SRA has been designed and
constructed in a conductive screen of size 87x87 mm.
The geometry, mode and specifications of the dot
rhombic antenna are described in section 2. The SRA is
fed by a coaxial feeder.

For comparison, Fig. 16 presents the E- and H-plane
radiation patterns of the SRA, obtained by the way of
simulation and through experimental measurements at
the frequency of 2.4 GHz in short-circuit conditions.
There is a clear correspondence between theoretical and
experimental results indicating that the proposed method
is appropriate for slot radiating structures.
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Fig. 5. Radiation pattern at the frequency of 1.25 GHz, vertical Fig. 10. Radiation pattern at the frequency of 1.25 GHz,
polarization, maximumgain = 3 dB. horizontal polarization.

Fig. 6. Radiation pattern at the frequency of 1.85 GHz, vertical Fig. 11. Radiation pattern at the frequency of 1.85 GHz,
polarization, maximumgain = 4.15 dB. horizontal polarization.

Fig. 7. Radiation pattern at the frequency of 2.4 GHz, vertical Fig. 12. Radiation pattern at the frequency of 2.4 GHz,
polarization, maximumgain = 4.88 dB. horizontal polarization.

Fig. 13. Radiation pattern at the frequency of 2.8 GHz,

Fig. 8. Radiation pattern at the frequency of 2.8 GHz, vertical
9 P eieney horizontal polarization.

polarization, maximumgain = 6 dB.

Fig. 9. Radiation pattern at the frequency of 3.4 GHz, vertical

ig. 14. i ati hef .4 GHz,
polarization, meximumgain = 8.6 dB. Fig. 14. Radiation pattern at the frequency of 3.4 GHz

horizontal polarization.
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—— Ansoft HFSS

CET MWS (Frequency domain)

that the proposed method does not require sophisticated
computing resources owing to its simplicity and the
significant decrease in the number of unknowns.

Obtained eectrodynamic characteristics, confirmed
by the experimental data, verify the preesence of
broadside radiation in a wide frequency range.

The approach discussed in Section 2 can be applied
to dot radiators of arbitrary form on thin dielectric
substrates, antenna arrays made of dot radiators and ot
antennas with circular polarization.
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Fig. 15. The simulated and measured return loss of SRA.
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Fig. 16. The calculated and measured radiation pattern of SRA.

In a series of experimental research on the SRA
characterigtics a reduced cross polarized radiation in the
normal direction has been obtained, its value being lessthan
a maximum one by 18 dB. In the E plane the radiation
pattern of the cross polarized signal is asymmetric, sncethe
top and bottom of the rhombradiate the energy of different
values, which is caused by the attenuation of the wave
during its propagation in the dot line.
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4. Conclusion

It has been shown thatradiation phenomena of a
slot rhombic antenna can be calculated by means of the
decomposition method using the principle of induced
electromotive forces. To simulate eectrodynamic
characteristics a double array of vertical and horizontal
infinitesimally thin dipoles can be used. The modd takes
into account the influence of the didectric on the
propagation of electromagnetic waves in the dot line and
the effect of the metal screen edges on the radiation
parameters. The impact of the size of the metal screen on
the e ectrodynamic characterigtics of the slot antenna has
been investigated.

The accuracy of numerical solution has been found
to be significantly higher by comparison with full-wave
3D dectromagnetic simulation tools. The results show
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MOJAEJIOBAHHS I1OJIS1 BUITTPOMIHIOBAHHS
IIVIMHHOI'O BUITPOMIHIOBAYA B EKPAHI
CKIHYEHUX PO3MIPIB

Bikrop I'obnuk, Onekciit Jlicke

JIeKOMIIO3ULIHHAM ~ METOJIOM 13  3aCTOCYBAaHHSIM
METOJly HaBEACHHX EJIEKTPOPYIIiHHUX CHJI AOCIiIKEHO
BHITPOMIHIOIOYY CTPYKTYpy Ha ©0a3i IIUTHHHOI JIiHIT
nepenadi. [IpoanaizoBaHO BIUIMB PO3MIpiB €KpaHy Ha
pO3IIOAIN TMOBEpXHEBUX CTpyMiB. OOUYMCIEHI KO- Ta
KpOC-TIOJIAPU30BaHi JiarpaMu CIPSMOBAHOCTI IIUTUHHOT
poMOiuHOi aHTeHW. BcTaHOBIGHO, IO  IIiJIMHHA
poMOiyHa aHTEeHa Mae IONepPEeYHE BHUIPOMIHIOBAHHS Y
cmysi vacror 1.85-2.8 I'Tu. 3ailicHeHO BHMipIOBaHHS
JiarpamM# CIpPsSMOBAHOCTI Ta Koe(illieHTa CTOSYO0l XBUIII

HAIPYTH CKOHCTPYHOBAHOI IIITMHHOI POMOIYHOT aHTCHH.
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