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ABSTRACT

Context. The circular polarization of radio waves is used in various electronic systems. This includes, for example, space
communications stations, some radio relay communication systems, radar stations, data transmission systems and others. The
characteristics of radio wave propagation are studied by using electromagnetic waves separated by circular orthogonal polarization in
radiomonitoring and radiocontrol systems. Compared to other antenna types, circularly polarized antennas, such as rings, have
superior design simplicity and excellent electrodynamics properties.

Objective. The objective of this study is to analyse the characteristics and application of directional microstrip couplers for
supplying power to ring antennas.

Method. To better the performance of microstrip ring antennas, the reasons for their limited operating frequency range are
analysed. These causes include the frequency-dependent parameters of the coupler, errors in calculating the directional coupler
circuit, and radiation from asymmetric strip lines. To understand how supply lines, affect antenna characteristics, correlations
between radiation fields determined in both its coordinate system and that of the primary axis are taken into account.

Results. An analysis of the dependence graphs of the main characteristics of ring microstrip antennas with intricate power supply
circuits for directional couplers and comparison with similar characteristics for simple circuits revealed that the shape of the radiation
pattern in the higher radiation hemisphere became symmetrical about the axis, especially when symmetrically supplying the ring with
branch-line couplers. The frequency band has also widened, at which there was an acceptable degree of deviation in the ellipticity
coefficient from unity.

Conclusions. The simulation results of microstrip ring antennas with power lines connected to directional couplers of different
types showed that supplying the ring antenna with electricity via the directional coupler ensures circular polarization for the emitted
electromagnetic waves. Additionally, the range of operating frequencies where there is only a small discrepancy in ellipticity
coefficient remains at an acceptable level of —3 dB is quite broad. By utilizing directional branch-line couplers to power a ring
antenna, it is possible to simultaneously emit both right and left circularly polarized waves with the same antenna.

KEYWORDS: microstrip ring antenna, directional microstrip coupler, supply lines, ellipticity coefficient, main coordinate
system, individual coordinate system.

ABBREVIATIONS Fo(0) and Fg(@) are directivity characteristics of the
AA is an antenna array; ring antenna in different planes;
RHCP is right-handed circular polarization; F (0, B) is the directivity characteristic of linear
VSWR is the voltage standing wave ratio. conductors in the individual coordinate system;

1, is current amplitude of the ring antenna at ¢ = 0.
NOMENCLATURE

C =30kl is the constant value for the emitter; Ly is the complex amplitude of the current flowing

around the emitter;
Jo(sin®), J,(sinB), J,(sin0) are Bessel functions of

the Oth, 1st and 2nd order;
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F (8, ¢) is the directivity characteristic of linear
conductors in the main coordinate system;
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k =2m\ is the wave number;
K., is the ellipticity coefficient;

id and m; are unit vectors of the rectangular

coordinate system /'0,m’;

Lo 1s the effective length of the linear emitter;

m is the ratio of the meridional component of the field
intensity to the azimuthal value;

q is the radiation efficiency factor of the strip line
transmission;

o, B, p are coordinates of the individual spherical
coordinate system;

oo, Po, Po are unit vectors of the individual spherical
coordinate system;

0, o, r are coordinates of the main spherical coordinate
system;

00, @o, 7o are unit vectors of the main spherical
coordinate system;

A is the length of the electromagnetic wave.

E= c/ vz is the ratio of the speed of electromagnetic

wave propagation in free space to the speed of wave in
the strip line.

p is the distance from the phase center 0, to the
observation point M.

v is the phase shift of the emitter current 7, ; relative

to the current phase of the ring antenna in the cross-
section of the conductor with the coordinate ¢ = 0;

INTRODUCTION

The circular polarization of radio waves is used in
various electronic systems. This includes, for example,
space communications stations, some radio relay
communication systems, radar stations, data transmission
systems and others. The characteristics of radio wave
propagation are studied by using electromagnetic waves
separated by circular orthogonal polarization in
radiomonitoring and radiocontrol systems. Compared to
other antenna types, circularly polarized antennas, such as
rings, have superior design simplicity and excellent
electrodynamic properties.

The ring antenna stands out for its uncomplicated
construction and excellent electrical features when it
comes to sending and receiving circularly or rotational
polarized electromagnetic waves. It is composed of a
conductor twisted in a loop, usually about the same length
as the wavelength of an electric current. An antenna of
this type can separate the wave that hits it into two
components with circular polarization [1,2], a
phenomenon which is crucial to understanding the
polarization properties of the radiation field. However,
when it comes to actually constructing a ring antenna, it
can be difficult to develop and construct the appropriate
supplying device. One potential way of constructing the
necessary circuitry for supplying the ring antenna is
through using directional couplers.

Considering the current trend toward the prevalent
utilization of PCB technology to make ring radiators and
their supplying systems, this study examines the
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principles of constructing microstrip ring antennas on
couplers with electromagnetic coupling and branch-line
couplers.

The object of this study is the process of separating
an electromagnetic wave into two components with
different directions of circular polarization orientations.

The subject of this study is the method for
constructing directional couplers for the power circuit of a
microstrip ring antenna.

The objective of this study is to analyse the
characteristics and application of directional microstrip
couplers for supplying power to ring antennas.

1 REVIEW OF THE LITERATURE

Scientific papers provide information on a wide
variety of ring antenna designs. The article [3] considers a
basic slotted microstrip antenna with a capacitive as an
element to generate radiation with circular polarization.
Articles [4, 5] discuss a slotted ring antenna array (AA),
which can switch between the S- and C-bands or between
the S, C, and X bands, respectively. The 2x2 AA diagonal
supplying process is used when operating in C-band
mode. This technique offers the maximum level of
decoupling for both vertical and horizontal polarizations.
The article [6] presents a dual-band annular slot AA for
both L and C bands. The aperture of the L-band slot
antenna can be transformed into a 2x2 AA for the C-band
using pin diodes. The design presented in the study [7] is
a broadband single-layer ring antenna with a low level of
cross-polarization. The ring elements can be combined
into an AA to address different issues, such as measuring
electromagnetic field parameters. In the paper [8] a
double annular-ring microstrip antenna, split into six
sectors, is proposed to achieve multiband operation with
high gain and impedance bandwidth. The gaps on the
driven and parasitic patches excite resonant frequencies
that are located in the Ku-, K-, and Ka-bands thus making
the antenna capable of these multiband applications. In
the article [9] the design process of an annular ring
microstrip antenna using graphene material for dualband
applications is proposed. The microstrip antenna is
modified using graphene-based annular ring microstrip
layers for patch and ground plane with FR-4 epoxy
substrate in between. The design process applied the
short-pin technique for the estimation of the return loss,
which leads to the analysis of the resonant frequency and
the dual-band directions. Meanwhile, paper [10] outlines
the principles of constructing the AA using ring elements.

It is widely recognized that a directional coupler,
when connected to an electromagnetic wave transmission
line, extracts a specific amount of electromagnetic energy
from the transmission line and separates the incident and
reflected waves in a predetermined power ratio. This
property of the directional coupler can be applied to feed
the ring antenna or receive electromagnetic waves while
separating them in a circular orthogonal polarization
basis.

Studies [1, 2] indicate that during the receiving mode,
the electrical processes in the conductor of the ring
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antenna can be regarded as two waves that move towards
each other. These waves run around the antenna in a
circular orthogonal polarization basis, with one wave
rotating in a clockwise direction and the other in a counter
clockwise direction. Consequently, the ring antenna can
be considered as a transmission line in which the incident
and reflected waves propagate during the receiving mode.
To select the wave with the appropriate right or left
direction around the ring antenna, it is recommended to
use a directional coupler.

2 PROBLEM STATEMENT

Fig. 1 depicts a directional coupler with
electromagnetic coupling where the conductor segment of
the ring represents the primary line of the device. The
primary line (numbered 1-2 in Fig. 1) is connected to the
secondary line (numbered 3—4). Since the coupler formed
by the stripline segments of the transmission lines is
backward, a voltage is generated in shoulder 3 that is
proportional to the current wave running counter
clockwise around the ring. To ensure proper operation of
the directional coupler, port 4 must be loaded with an
impedance equal to the wave impedance of strip 3—4.

The operational principle of the circuit suggests that it
is advisable to utilize the directional coupler with
electromagnetic coupling only in the mode of receiving
radio waves. This is due to the device’s low efficiency, as
a portion of the energy supplied to lines 3—4 is lost at the
matched impedance of port 4.

i
RS
3 o L)
i
Output Rioat

Figure 1 — The ring antenna with supplying by a directional
coupler with electromagnetic coupling

In contrast, the branch-line directional coupler is a
more efficient option, as depicted in Fig. 2.

Figure 2 — The ring antenna with supplying by a branch-line
directional coupler
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Ports 1 and 3 of the branch-line directional coupler are
electrically isolated, enabling the supply of current to both
ports from two generators of identical frequency in the
antenna transmission mode. This allows for the formation
of a radiation field with any desired ellipticity coefficient.
During the receiving mode, voltages are generated in
ports 1 and 4, which are proportional to the intensity
vectors of the electric fields rotating in the right and left
directions. When the ring antenna is powered by a single
generator connected to port 1 in the transmission mode,
port 3 is loaded with a matched impedance. However,
with the correct construction of the coupler, no energy
enters or is absorbed into a load of port 4. Consequently,
the efficiency of the device approaches unity.

The devices shown in Fig. 1 and Fig. 2 were studied
using a specialized simulation program in the radiation
mode of electromagnetic waves with right-handed circular
polarization (RHCP). For the study, the operating
frequency of /= 1.2 GHz (A = 0.25 m) was selected, and
the substrate for microstrip models was a dielectric with
relative permittivity of €. = 4.4, a dielectric loss tangent of
tgd = 0.002, and a substrate thickness of # = 1.6 mm.

The results of the simulation are illustrated by the
radiation patterns in two planes (Fig. 3), and the
frequency dependence of the wave ellipticity coefficients,
as shown in Fig. 4. In both cases, the voltage standing
wave ratio (VSWR) within the operating frequency band
did not exceed 1.5. Moreover, the directivity factor for the
investigated right-handed circular polarization (RHCP)
type was not less than 4 dBi.

Based on the results obtained from modelling ring
antennas connected by directional couplers with an
electromagnetic oscillation generator, the following
conclusions can be drawn:

1. Supplying the ring with the directional coupler
facilitates the study of electromagnetic waves on a
circular orthogonal polarization basis. For the directional
branch-line coupler to provide circular polarization with
the directional branch-line coupler, it is necessary to
design it with a power division factor of 3 dB.

2. The acceptable range operating frequency with a
permissible deviation of the ellipticity coefficient from
unity is significantly wide. This range can fulfill the
requirements for the ellipticity of radiated waves in
communication systems in certain cases.

3. Supplying a ring antenna with devices constructed
using directional couplers allows for the creation of
antennas with controlled polarization characteristics of the
radiation field. This observation pertains to power devices
constructed on branch-line directional couplers.

4. The simple power schemes, depicted in Fig. 1 and
Fig. 2 tend to limit the operating frequency range of the
ring antenna. This outcome is undesired, particularly
when using these antennas for metrological purposes.
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Figure 3 — Radiation patterns of ring antennas in two planes
(p =0 and ¢ =90°): a — powered by a directional coupler with
electromagnetic coupling; b — powered by a branch-line
directional coupler
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Figure 4 — Dependencies of the ellipticity coefficient of ring
antennas on the operating frequency in the direction 6 = 0: a —
powered by a directional coupler with electromagnetic coupling;
b — powered by a branch-line directional coupler
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To enhance power devices and improve their
properties, it is essential to examine the primary factors
that contribute to the narrowing of the operating
frequency range of the antenna. The most significant
factor that influences the frequency response of the ring
with the power supply is the frequency dependence of the
parameters of the directional coupler. It is therefore
evident that it is necessary to use coupler designs that
ensure the stability of the primary parameters within
specific frequency ranges.

The second significant factor is the accuracy of the
directional coupler circuit calculation. Since one of the
directional coupler components is the ring segment,
determining the wave impedance of this segment poses a
challenge. The radiation of electromagnetic waves by an
annular strip line complicates the calculation of wave
impedance.

The third factor that affects the structure of the
radiation field of the ring antenna is the radiation of
asymmetric strip lines [11, 12], which are utilized in
constructing the power supply devices for the ring. The
radiation intensity of strip lines is usually negligible, so in
most cases, this can be neglected. However, when
designing measurement antennas with  stringent
requirements for metrological characteristics, it is
necessary to consider possible deformations of the
radiation field structure due to the superposition of the
fields of the ring antenna and segments of strip lines.

3 MATERIALS AND METHODS

As is known [1], the radiation field of the ring antenna
is analytically described in the spherical coordinate
system r, 0, ¢, the polar axis of which coincides with the
circle axis and the Oz axis of the rectangular coordinate
system x, y, z. The antenna itself is located in the xOy
plane of the rectangular coordinate system. Both
coordinate systems are considered primary. Without
considering the specific power supply system of the ring
antenna, it is assumed that the radiation of the
transmission line segment, which is part of the power
supply system, is similar to the radiation of a short linear
dipole. When the output impedance of the directional
coupler is fully matched with the wave impedance of the
ring, the current flowing through the elements of the
power supply is determined uniquely through the current
in the conductors of the ring.

To utilize the dipole radiation field formula, it is
necessary to assign a coordinate system (both spherical
and rectangular) to the power supply element, in which
electromagnetic processes in the dipole are analysed.
Consequently, the polar axis of this coordinate system,
designated as 0,/, must coincide with the axis of the
supply line. Since the axis of the segment of the power
circuit element, as well as the element itself, is in the x0y
plane of the main coordinate system, it is advisable to
place another coordinate axis in the same plane, for
example, the 0;m axis, in the coordinate system associated
with the radiating element, and the third axis 0,z parallel
axis 0z (0 = 0). The new coordinate systems are denoted
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as follows: rectangular /, m, n and spherical p, a, B, where
0,/ is the polar axis (oo = 0). In spherical coordinate
system, a is the meridional angle, B is the azimuth angle.
Such coordinate systems are considered to be the
emitter’s own coordinate systems. The mutual position of
the coordinate systems is shown in Fig. 5.

The origin of the main coordinate system (point 0)
coincides with the phase center of the ring antenna, and
point 0, is the phase center of the interference emitter,
that is, a segment of the strip line of the power device. In
the general case, the axis of the interference emitter will
not be parallel to the axes Ox and Oy, therefore, Fig. 5
shows the axes 0;/' and 0;m', which are parallel to the
axes of the main coordinate system and are shifted from
the corresponding axes of the own coordinate system by
an angle A.

Fig. 5 also shows the observation point M, the position
of which in the main coordinate system is defined as M(r,
0, ), and in the emitter’s own system as M(p, a, p).

z n

;%9; )

d o, \

,
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=,

m
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Figure 5 — The mutual position of the main and individual
coordinate systems

The intensity of the interference electric field at point
M in its coordinate system is written as
=0 9051 (o gl (1)
p
To evaluate the impact of such field on the ring
antenna radiation, it is necessary to determine the vector

0, from expression (1), and the angles a and B using the

quantities éo , @ and r, 8, ¢. To accomplish this, the

polar axis in its individual coordinate system must be
altered, with the 0,n axis designated as the polar axis. The
meridional angle will be measured from the 0,n axis,
while the azimuthal angle T —will be measured from the
0,/ axis (Fig. 5 and Fig. 6).

In the own coordinate system p, a, f, the unit vector
Py is determined by the coordinates of the rectangular

coordinate system m, n, [, which can be expressed as:

Po = Mg sinocosP + iy sinasinB+i0 cosa. (2)
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In the p, o, T system, the value of the unit vector can
be determined using the following expression:

Py =Iysinccost+mysinosint+7n,coss . (3)
n
Py
0
[
M
f &3
J B
a
1 A m'
m
!
£ 5 7o (90)

1 f

Figure 6 — The mutual position of two coordinate systems

m, n, [ and m', n, I’ with angular shift A

As the right parts of expressions (2) and (3) represent
the same value, it is possible to find the relation between
the angles a, B and o, 7. So

sino.cosf =sincsinT;
sinasinP = cosc; 4)
COSOL =SINGCOST.

From the equations system (4):

COSOL =SINGCOST;
. 2 _ .2
sinaa=v1—-cos” tsin” o;
sinosint
cosP = > > ; 5
x/l—cos Tsin“ o
. cosc
sinf} = .
x/l —cos?tsin’ o

Transforming to the rectangular coordinate system m,
n, I, the expression for the unit vector a, in the own

coordinate system can be written as follows:
Ol = g coso.cosP + 7 cosasin P — /g sin a. (6)

Equations (5) and (6) determine the values of the
vector @, in the new coordinate system, where the polar

axis aligns with the 0,7 axis:

RN costsin® osint +

&0=(1—coszrsin2c5 2| +nycosccostsing— | (7)

- ZO (1 —cos” Tsin? c)
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After shifting the coordinate system by an angle A
(Fig. 6), the new coordinate system can be obtained with
axes 0;/'" and O;m' parallel to the axes Ox and Oy of the
main system, by using the following equations:

ly =1y cos A —mygsinA; } ®)

mg = Iy sinA +mg cos A.

Using relation (8), the dependence of the vector @,

(7) on the unit vectors of the coordinate system /'0;m’ can
be found:

G sin” 5cos(5+ A)cos 5 —cos A N

=1
v \/1—0052(8+A)sin2 c

Yy sin” gcos(8+ A)sind +sin A .
' \/l—cos2 (6+A)sin’c
_ cososingcos(8+A)

+n .
’ \/1 —cos’(3+A)sin’ &

€))

The spherical coordinate system p, o, & is combined
with the rectangular coordinate system (Fig. 6). To
express the formula (9) in the spherical coordinate
system, the formula (9) is substituted with the values of

orts Iy , my and 7, expressed in terms of the coordinates
and orts of the system p, o, 6:

Iy =Py sinccosd+G,cosGcosd—d,sind;
mg = P, sincsind + G, cososind + 5 cos J;
iy =P COSC — G SinG.

After substituting and rearranging the expressions, we
obtain:

6= 5 cosccos(5+A)
’ ’ \/1—0052(8+A)sin20
43, sin(8+A) .
\/1 —cos?(8+A)sin’ o

+

(10)

So, the vector @, in the spherical coordinate system

p, 6, 0 has two mutually perpendicular components that
are orthogonal to the vector p,. One component is in the

meridional plane and the other is in the azimuth plane.
The impact of the interference field (1) on the field of
the ring antenna can be estimated only by determining the
relationship between the values p, o, & included in the
formula (1) and the values r, 6, @ of the main coordinate
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system. To establish this connection, it is necessary to
refer to Fig. 5, where the position of the phase center of
the interference source in the main coordinate system is
denoted by x; and y,. The distance between the phase
centers of the ring antenna and interference sources is
defined as:

d=+x}+yl.

The distance between the phase center of the ring
antenna and the observation point M in the main
rectangular coordinate system can be expressed as:

reyxt+yt vz,

where x, y, z are the coordinates of point M.

The distance from the phase center of the interference
source 0; to the observation point M can be calculated as
follows:

an

p:\/(x—xl)2+(y—yl)2+z2 (12)

In the spherical coordinate system, the coordinates of
the observation point M can be expressed as follows:

x =rsinfcose;
A (13)
y =rsinfsing.

The position of the phase center of the interference
source in the spherical coordinate system is as follows:

X, = dcosq)l;}

14
vy =dsing,. (19

Using relations (11), (15) and (16), the right-hand side
of equation (12) can be simplified to the following form:

pz\/rz +d? —2drsin9cos((P—Q01)

or

dY . d .
p=rl+|— —2—s1n9(:os((p—(p1). (15)
r r

If the observation point is in the far field, then d <<r
and the formula (15) can be written as follows:

p:r—dsinﬁcos((p—(pl) (16)

In the case when the distance p is used in the
calculation of quantities in which the slight difference
between the distance p and the distance r can be
neglected, it can be assumed that

an

Therefore, the value p from formula (16) should be
taken into account in the exponent in expression (1), and
in other cases, the approximate value (17) is used.
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To establish a relation between the meridional angles
0 and o can be found through the expression:

o =arccos(z/p).

(18)

Since the z-coordinate in the main coordinate system
is equal to
z=rcos0,

(19)

then expression (18), in which relations (15) and (19) are
used, becomes a function of the meridional angle ¢ of the
coordinate system p, o, & which depends on the
parameters 0 and ¢ of the main coordinate system:

cosO

2
\/1+(dJ —Zisinecos((p—(pl)
r r

or it can be written approximately that G~ 0.

The azimuthal angle & of the observation point M in
the main coordinate system can be determined as shown
in Fig. 7:

G = arccos

& =arctg((y -y, )/(x—x,)).

As depicted in Fig. 7, the meridional planes passing
through point M in both coordinate systems intersect at an
angle Q. Therefore, it can be written that:

(20)

5=9-Q. @1
7 n
\>M(x,y,z)
o /°
p
N o e w A
7
X Q

7

Figure 7 — The mutual position of two coordinate systems
x,y,zandl', m', n

Since the angle ¢ can be determined through the
coordinates of the observation point as ¢ = arctg(x/y),

then the value of the angle Q can be found as the
difference between the angles ¢ and 5:

Q =arctg(x/y)-arctg((y - y, )/ (x —x,)).

By using expressions (15) and (14), it is possible to
represent expression (22) in terms of the observation
point’s coordinates in the basic spherical coordinate
system as follows:

(22)
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dsin(p; —¢)
rsin® —d cos(¢, — @)

Q =yn+arctg , (23)

where y =0 if 4>-1; y=+1 if 4<-1 and tgp>0;
A<-1 and tgp <0

rsinBsing — dsing,

x=-1 if

A=t .
& rsinfcose — dcose,

If the inequalities y >> y, and x>>x, are valid, it
can be assumed that:

5~¢. (24)

The spherical surfaces r=const and p =const

intersect at point M as shown in Fig. 7. As a result, the
tangent planes at point M are not parallel to each other.
Only at significant distances from points 0 and 0,, where
condition (20) is satisfied, it can be assumed that the
planes 6M¢ and oM® coincide. In this case, the
corresponding unit vectors of the polar coordinate system
in the plane tangent to point M (Fig. 8) will be displaced
from one another by an angle Q.

¢

0

b
3
[
M\E{
%) P

Q

Figure 8 — The shift of unit vectors of the spherical coordinate
system
In this regard, expression (10) in the coordinates 6 and
¢ can be rewritten as follows:
G = Oy + Py (25)

where

sin(@ +A —Q)sinQ
4o = 2 ey
\/l—cos (p+A—-Q)sin* 0
3 cosOcos(p+A—Q)cosQ
\/l—cosz(q>+A—Q)sin26’

sin(p + A — Q)cos Q 3
. \/1 —cos* (@ +A-Q)sin’ 0
3 cosBcos(p+A—Q)sinQ
\/1 —cos* (@ + A —Q)sin* 0 .

A

The directivity characteristic is another factor present
in expression (1), and its content is dependent on the
chosen coordinate system. To determine the directivity
characteristic, the reasons for the radiation of the power
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supply elements must be considered and specified. The
traveling wave mode is established in the transmission
line segments with the correct construction of the device.
When asymmetric strip lines are used for energy transfer,
surface waves arise, leading to the generation of a
radiation field. The directivity characteristic of linear
conductors with a traveling wave of current is known and
can be expressed as follows for our case:

sin{];l (E_,—cosoc)}
 (E-cosa)

F(o,B)=cosa

(26)

Formula (26) needs to be modified in the general case
to account for the screen effect.To transform this formula
into the dependence of the noise field intensity on the
coordinates of the main polar coordinate system, we can
use expressions (5), (17), (20), (21), (23), or (24).

Since the strip lines are designed to minimize or
eliminate radiation, the value of ¢ in formula (1), which
represents the radiation efficiency coefficient, is much
less than unity. Therefore, the efficiency coefficient
characterizes the losses in asymmetric strip lines due to
the radiation of electromagnetic energy.

Considering all the obtained relationships between the
coordinates of the individual and the main coordinate
systems, the radiation field of the interference source can
be expressed as follows:

E,, = (éer +¢o4, )qCIS',F(O,(p)e"“’ef"k'.

For the ring antenna, the radiation field is defined as:

. 30nl, _y
= 007y (0)- 9y, (0) e,

zmg

where Fy(0) = 2ctgbJ, (sin0);
F,(6)=Jy(sin6)—J,(sin®).

In the meridional plane, the electric field intensity of
both the antenna and the interference is equal:

Ey=E°

-y _ Yy it
rmg+Emte =Ege™e™ 27)

30nl,

0 _
where E,;,, =

Fy(0); E?

int

=qAyCI F (9);

0 G} 0
EQ = \/(Ermg)z + ZErngintCOS\V + (Emt)2 >
0 0 .
Eing + Ejcosy _aresitl — E;, siny .
E, E,

In the horizontal plane, the sum of the intensities is
determined as follows:

Yy =arcco
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E,=E% e 2 +Em,e*’“/ = Ege'e™,  (28)
30m!,
where Equng = : F(p (e) mt thpCIb IF( )
E \/ rzng +2E:[;ngElitS1n\|j+( mt)z >
E? | E},+E}sin
Y, =arcco it OV _ aresi _rng—m‘lf .
¢ E,

The ellipticity coefficient can be calculated using the
following formula:

msin® y—sin2ycosy, + (1/m)cos? Y
Ke == 2 . .2
mcos” y+sin2ycosy, +(1/m)sin” y
2mcos
where m:Ee/E(P; Vo =VWo—Vy; tg2y:2—\i]0.
m? -

The polarization of the wave due to the interference
radiation will not be circular in the direction of the polar
axis (0 =0) as it can be inferred from expressions (27)
and (28), where Ey # E, and Ee/Eq> #1.In case g has a

significantly small value (g<<1), the ellipticity coefficient
of the radiation along the annular antenna axis will be
close to unity, satisfying the polarization requirements in
communication lines. However, for metrological
purposes, more stringent requirements for circular
polarization quality should be met, and additional circuit
or design solutions must be employed to reduce
interference radiation.

4 EXPERIMENTS

The radiation in the direction of the ring axis of the
ring antenna can serve as a standard reference for
studying polarization characteristics of antennas. In such
instances, the waves emitted by the power devices should
be compensated. This can be achieved by designing the
power supply circuit in such a way that its identical
components form an anti-phase system of emitters. As a
result, waves of equal intensity but opposite phases will
be emitted in the direction of the ring axis, resulting in
almost complete suppression of the interference intensity.
Fig. 9 depicts the circuit diagram for supplying the ring
antenna  with two directional couplers placed
symmetrically around the center of the circuit.

As shown in the diagram, all directional coupler
elements are symmetrical in pairs concerning point O and
are fed in an antiphase. The diagram indicates the phase
shifts of the currents, and the arrows indicate the
directions of the current wave propagation in the strip line
segments.
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Figure 9 — The ring antenna with feeding by two branch-line
directional couplers

The emission of interference radiation can also be
mitigated through partial shielding of the power supply.
Fig. 10 illustrates the ring antenna diagram with the
opposite directional coupler’s primary line placed behind
the ring strip. In this configuration, the surface
electromagnetic wave that may occur during the current
wave propagation along the primary line will be contained
within the dielectric layer between the two strips, there by
considerably reducing unwanlted radiation.

Output

Figure 10 — The ring antenna in which the primary line of the
directional coupler is located behind the ring strip

5 RESULTS

After analyzing the model shown in Fig. 9, the
radiation pattern in two planes (as shown in Fig. 11) and
the relationship between the wave ellipticity coefficient
and frequency (as demonstrated in Fig. 12) were obtained.
The VSWR did not exceed 1.4 within the operating
frequency band. Moreover, the gain for the examined
RHCP was not less than 6 dBi.

Phi = 90 deg

Figure 11 — The radiation patterns of ring antennas in two planes
(¢ =0 and ¢ = 90°) when supplied by two branch-line
directional couplers
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Figure 12 — Dependence of the ellipticity coefficient of ring
antennas with supplying by two branch-line directional couplers
on the operating frequency in the direction 6 = 0

The study results of the ring microstrip antenna with
front electromagnetic coupling (as illustrated in Fig. 10)
are presented in Fig. 13 and 14. The radiation pattern and
the ellipticity coefficient as a function of frequency are
shown in these figures, respectively. The VSWR value
within the operating frequency range was not more than
1.1, and the gain for the investigated RHCP was at least
4 dBi.

Figure 13 — The radiation patterns of ring antennas, in which the
primary line of the directional coupler is located behind the ring
strip, in two planes (¢ = 0 and ¢ = 90°)

098 T .
0.94 I / - o
092 1 / I \\

0.50

N
N

Axial ratio (minor/major}

0861

084 : :
LI0 LIZ L4 L6 L8 L0 122 LM L% L8 130
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Figure 14 — Dependence of the ellipticity coefficient of ring
antennas, in which the primary line of the directional coupler is
located behind the ring strip, on the operating frequency in the

direction 6 =0

6 DISCUSSION

An analysis of the dependence graphs of the main
characteristics of antennas with complex power supply
circuits for directional couplers (Figs. 9 and Fig. 10)
compared to similar characteristics for simple circuits
(Fig. 1 and Fig. 2) showed that the radiation pattern shape
in the upper radiation hemisphere became symmetric,
especially when using a symmetrical supply of the ring
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with branch-line couplers. Furthermore, the acceptable
level of the ellipticity coefficient deviation at — 3dB has
been maintained over a broader frequency range.

The branch-line directional coupler has another
advantage over the coupler with electromagnetic
coupling. This is the supply of the ring emitter with the
full power of the power source with an efficiency close to
unity. However, unlike the coupler with electromagnetic
coupling, the branch-line coupler is more complex to
calculate and design, and also occupies a large area on the
printed circuit board. Therefore, it is sometimes advisable
to use a ring antenna power supply circuit with two
directional couplers with electromagnetic coupling, which
are located symmetrically with respect to the ring axis.

CONCLUSIONS

The outcomes of the microstrip ring antenna modeling
with power supply devices on directional couplers
confirm the feasibility of constructing circularly polarized
electromagnetic wave emitters that satisfy current
technical standards.

The paper discusses factors that can have a
detrimental effect on the frequency characteristics of ring
antennas and the polarization purity of electromagnetic
waves. The study also focuses on the mode of current
wave propagation in supply lines. It was found that
directional couplers with electromagnetic coupling can be
utilized in the construction of receiving ring antennas,
which prioritize efficiency over other parameters.
Additionally, these antennas can be useful for polarization
analysis of radiation fields.

The branch-line directional couplers, by dividing the
output powers equally, enable the ring to be supplied with
the maximum power from the high-frequency current
generator, resulting in a highly efficient power supply for
the ring.

The scientific novelty. The study has revealed that
using a single-directional coupler in power circuits does
not guarantee axial symmetry of the radiation field in the
front half-space. The paper elucidates the underlying
factors causing this phenomenon. It is demonstrated that
symmetrical power supplies and shielding can overcome
this issue and enhance the operating frequency range, as
determined by the radiation field ellipticity coefficient.

The practical significance. After modelling
prototypes of microstrip ring antennas, the results showed
that the microstrip power line matched well with the
radiating ring. The VSWR did not exceed 1.4 in the
operating frequency band in all cases, and the gain for the
type of polarization studied (RHCP) was not less than
4 dBi. The cross-polarization component’s radiation was
not higher than 15 dBi for sophisticated power supply
circuits. The radiation pattern in the forward half-space
became symmetrical concerning the antenna axis,
especially with a symmetrical power supply.

Prospects for further research. Future research will
focus on mathematical modeling and experimental study
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of the utilization of symmetrical branch-line coupler
circuits to power ring microstrip antennas for constructing
antenna arrays.
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AHOTANISL

AKTyaJIbHiCTh. B pi3HUX pajioeNeKTpOHHUX CHCTEMax 3aCTOCOBYIOTH PaJiOXBHJIL 3 KOJIOBOIO moisipu3auiero. Hampuknan, ne cramii
KOCMIYHOTO 3B’SI3KY, H€SKi CHCTEMH PajiopeleifHOTo 3B’s3Ky, pajioNoKaliiiHi cTaHIii, cucTeMH Iepenadi AaHUX i T.4. EnexrpomarHithi
XBHJI, PO3KIAZeHI B KOJOBOMY OPTOrOHAIBHOMY TOJISIpU3AIliifHOMY 0a3uCi, BHKOPHCTOBYIOTH y CHCTEMax pPaJIiOMOHITOPHHTY Ta
PaiOKOHTPOJIIO, TIPH JOCIIHKEHHIX 0COOIMBOCTEW MOIIUPEHHS paaioxBiib. Cepes aHTeH, sIKi CTBOPEHI [Ulsl IPUHMAaHHS 1 BUTIPOMIHIOBaHHS
€JICKTPOMArHiTHUX XBWJIb 3 KOJIOBOIO a00 00epTOBOIO IOJSpH3alli€lo, 3a IPOCTOTOI KOHCTPYKLii Ta 3a eJeKTPOAMHAMIYHUMHU
XapaKTePUCTUKAMH BHUTITHO BiAPI3HAETHCS KiJblLIEBA aHTCHA.

Merta po6oTH — [OCHIIKCHHS OCOOIUBOCTEH MOOYMOBH Ta BHKOPHUCTAHHS MIKPOCMYXKKOBUX CHPSMOBAHHX BiIrany:KyBadiB [Uist
JKUBJICHHS KiJIbLIEBUX aHTECH.

Meton. [lnst yIOCKOHANICHHS HPHUCTPOIB IKUBJICHHS MIKPOCMYXXKOBHX KUIBILEBHX aQHTEH Ta IOKPAIICHHS iX BIIACTHBOCTEH
PO3TIIAAAI0TECS OCHOBHI (DAKTOpPH, SIKI BHUKJIMKAIOTH 3BY)XEHHsS pOOOYOro [iarma3oHy 4YacTOT aHTEHH: YacTOTHA 3alIeKHICTh MapaMeTpiB
CHPSIMOBAHOIO BIATaTy)KyBaya, KOPEKTHICTb PO3PAaXyHKY CXEMH CIpPSIMOBAHOTO BiJraay)XyBaua, BHIPOMIHIOBaHHS HECHMETPHYHUX
CMYXKOBUX JiHIH. OOIpyHTYBaHHS BIUIMBY €JIEMCHTIB XXHMBJICHHS Ha XapaKTEPHCTHKH KiJIbIIEBOI aHTCHU BUKOPHCTOBYETHCS 3B S30K MIXK
OJIEM BHIIPOMIHIOBAHHSI, aHAJITUYHO BH3HAYCHE y BIACHIH CHCTEMi KOOpPAMHAT, 1 MOJIEeM BUIIPOMIHIOBAHHS aHTEHH B OCHOBHIH cHCTeMi
KOOp/MHAT.

PesyabTaTn. AHani3 rpadikiB 3aJeXHOCTEH OCHOBHHX XapaKTEPUCTHK KiTBLEBHX MIKPOCMY)KKOBHUX aHTEH 3 YCKIAJHEHHUMH CXEMaMH
JKHMBJICHHS CIIPSIMOBAHMX BiJrajdy)KyBadiB i MOPIBHSHHS 3 aHAJOTIYHUMH XapaKTepPUCTHUKAMH JUISl TMPOCTHX CXEM I0Kasajo, 1o ¢opma
JiarpaMy CIIPSMOBAHOCTI y BEpXHiil miBcdepi BUIPOMIHIOBAaHHS CTala CHMETPUYHOIO BITHOCHO OCi, OCOOIMBO y BHIAJKy CHMETPHYHOTO
JKUBIICHHS KiJIbLs IUIeH(OBUMH BiAramyxxyBauyamu. Takok pO3LIMPUBCS Aiana30H 4acTOT, Y SKOMY BIAXHMJICHHS KOE(DII[IEHTY eMinTHYHOCTI
BiJ] O/IMHHMIII 3HAXOAUTHCS Ha JIOMTyCTHMOMY DiBHI.

BucHoBKkH. Pe3ynbraTn MOJETIOBaHHS MIKPOCMYXKKOBHX KIJBLEBHUX AaHTEH 3 JIIHISIMH JKHUBJICHHS Ha CIPSIMOBAHHUX BiJraiyXyBauax
pI3HHX THMOIB TOKa3anu, MmO 30y/DKEHHS KiJblsd 3a JOMOMOIOK CIPSIMOBAaHOTO BiArajdyXyBada 3abe3redye BHUITPOMIiHIOBAHHS
€JIEKTPOMATHITHUX XBHJIb KOJIOBOT nosisipu3anii. [Ipu 1ipoMy Aiana3oH poOOYHX YacTOT, Y SKOMY 3aJIMIIAEThCS HA IOMyCTUMOMY piBHI —31b
BIIXMJIEHHS KOE(ILi€HTY EJINTHYHOCTI JOCUTh IIUPOKUH. JKMBJICHHS KUIbLIEBOI aHTEHH HPHUCTPOSIMHU, NMOOYAOBaHMMM Ha IuIeH(OBUX
CHPSIMOBAaHUX BiJralyKyBadyax, Ja€ MOXIMBICTb 3 JOIMOMOIOI0 OJHI€] KIIBIEBOI aHTEHH OJJHOYACHOTO BUIIPOMIHIOBAHHS XBUJIb 3 IIPAaBHM
Ta JIIBUM HAMPSIMOM O00EPTaHHS BEKTOpA HAMPYKEHOCTI SIEKTPHYHOTO MOJISL.

KJIFOUYOBI CJIOBA: mMikpocMy)XKOBa KiJIbIIEBa aHTEHA, CIPSIMOBaHUN MIKPOCMYXKOBHU BiIranysKyBad, JiHii )KHBJICHH:I, KOe]ilieHT
CIINTUYHOCTI, OCHOBHA CHCTEMa KOOPJNHAT, BJIacHa CHCTEMa KOOP/MHAT.
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