IJCTA, 9(8), 2016, pp. 3437-3449
© International SciencePress

A Microstrip Dipole Antenna for
Circular Polarization

N. Raja M ohamed* and C. M ahendran

ABSTRACT

A circularly polarized antennais given by inserting 2 pairs of parallel dipolesin a sg. contour. Firstly, our study
demonstrates that circular polarization can be achieved at the broadside by setting a ninety section difference
between the vertical and horizontal paired-dipoles. Secondly, the principl e of wide-beamwidth circularly-polarized
radiation is represented underneath the similarity in polar and angle radiation pattern for a combine of parallel
dipol es. Oncethe spacing between 2 parallel dipolesisstudied, the similar radiation patternsin these 2 orthogonal
planes are derived. As such, acircular polarization will be achieved by inserting the two pairs of paralld dipoles
vertically and horizontally whereas setting a ninety section distinction between them. Infinal, acircul arly-polarized
printed antennaisintended and fictitious on onenonconductor substrate. The 2 arms of itsfour dipoles arefashioned
on the lower and higher interfaces of the substrate, and that they are excited by a Coaxial feeding network.
Experimental results show smart agreement with Smulated onesin termsof radiation pattern/gain, axial quantitative
relation and cameloss. Especially, the 3-dB axial quantitative relation beamwidth at the central frequency of 5.2 &
5.8 GHz has extended to 126 in associ ate degree angular vary from -63° to +63°. Thefictitious antennaexhibitsa
low-profile property with the height of zero.0043 free-space wavel ength.

Index Terms: Axial ratio, circularly polarized antenna, dipoles.

1. INTRODUCTION

Circular polarization (CP) and wide beam are required for an antenna for satellite communications. CP
antennas are divided in two typesin general. 1) Single-fed antenna [3-5] and 2) dual-fed antenna[2, 6-8].
There is no external feed network for a single-fed antenna. But the usable impedance and axial ratio
bandwidths are usually narrow. For adual-fed CP antenna, the circular polarization is generated by exciting
two orthogonal resonant modes with a feeding network which provides equal amplitude and 90° phase
difference. The feeding network is often realized by a hybrid or Wilkinson power divider.

In, a dua-fed, bidirectional radiated circularly polarized square-ring antenna is presented. The antenna
has abroad impedance bandwidth (J]S11| < *10 dB) of about 45.2% and a 3 dB axial-ratio bandwidth of about
8.7%. In[7], aCP antennawhich consists two bowtie patch and two electric dipolesis proposed. The antenna
achieves an impedance bandwidth (SWR < 1.6) of 41% and a3-dB ratio bandwidth of 33%. In[8], astructura
modification of turngtile antenna with cylindrica parasitic elementsisintroduced. The antennahasa5-dB AR
bandwidth of 12.3% and a stable peak gain of 7.6 dBi. In this paper, a broadband, wide-beam CP antenna is
presented. The antennais acrossed-dipole fed by abroadband 90° power divider. The axial-ratio bandwidth of
the proposed antennais larger than that of the antennasin [2—8]. The 3-dB beamwidth is larger than 88° over
the whole working frequency band. The bandwidth of the proposed antennais broadened by anovel matching
gructure. The matching structureis part of the antenna structure rather than additional lumped elements. The
concept of the matching structure is discussed in detail in the following paper.

To address this vital issue in style of a CP antenna, a few effective techniques are projected within the
recent years. In, abasic CP antenna was mounted on athree-dimensional square ground thus on increase its
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3-dB AR beamwidth of CP radiation to concerning 113; but, this projected CP antenna inquire the peak of
over and it’s a poor low-profile property. To represent a CP antennawith wide AR beamwidth, lightweight
weight and low profile, the add introduced a bifold conducting wall to cut back the peak of the CP antenna
to concerning whereas keeping its 3-dB CP beamwidth as concerning 106. A pyramidical ground structure
with apartially fenced in and flat conducting wall was adopted for sweetening of the specified CP beamwidth,
however this approach unfortunately brought out a large antenna structure. In a few parasitic rings were
introduced higher than the first ring CP antennato realize the wide AR beamwidth. However, this approach
enlarged the peak and hyperbolic the quality of the projected CP antenna.

On the opposite hand, a method was bestowed in [7] by stretching the material substrate on the far side
the bottom plane of a patch antenna, therefore widening the CP radiation beamwidth. But, this system
might launch surface waves within the substrate so on degrade its 3-dB AR information measure. In [8]—
[10], the helix antennas with varied configurations were utilized to realize a wide AR beamwidth, however
they suffered from problem in fabrication particularly at high frequency. In [11], a CP antenna with eighty
five 3-dB AR beamwidth was reported and it's shaped up by group action 2 bowtie patch antennas with 2
trapezoidal shaped dipoles. During this context, the ninety 3-dB AR beamwidth could be achieved by
mounting a solid solution disk on a ground plane [12]. In [13], the one hundred forty 3-dB AR beamwidth
was gained by loading the top-hats and mounting a reflector on top of and below the two crossed dipole
antennas, however this antennais concerning in height. In [14], [15], the crossed and unsymmetrica barbed
dipole CP antennas were developed with wide AR beamwidth, but their height is as massive as 0.2Q2

2. ANTENNA DESIGN CONCEPT AND STRUCTURE

The geometry of the proposed antenna is shown in Fig. 1. Detailed dimensions are given in Table 1. The
proposed antenna consists of two crossed dipoles, two pairs of coaxial cables, aground plane and two pairs
of rectangular patches. The arms of each dipole are bent toward the ground plane to save the horizontal
gpace and widen the beamwidth. Each dipole is fed by a balun. The balun is formed by the four coaxial
cables. The outer conductors of the four coaxial cables are replaced by copper tubeswith the sameradiusto
strengthen the antenna structure. And the four arms are fixed as well as connected to the top end of these
copper tubes respectively. Significantly, the inner conductor of the coaxial cable 1 and 3 (wherethearm 1
and arm 3 is connected to) are connected to the outer conductors of the coaxial cable 2 and 4 (the copper
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Figure 1: Schematic of the proposed circularly-polarized antenna consisting of two pairs
of parallel dipolesin a square contour.
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tube? and 4) respectively. Moreover, the bottom ends of the four copper tubes are connected to the ground
plane so asto be shorted together. The whole structure formsabalun. Thisbalun integrates with the antenna
well. Coaxial linel and 3 are connected to SMA connectors which are underneath the ground plane and fed
by a feeding network which provides equal amplitude and 90° phase difference across a wide bandwidth to
realize circular polarization. Details of the feeding network will be illustrate later

Detailed dimensions of the proposed antenna (unit: mm).
Name L1 L2 L3 W1 W2 W3 h
Vadue 12 15 18 5 5 5 38

The impedance bandwidth of the proposed antenna is broadened by the rectangular patches, which are
attached to one end of the four arms of the dipoles. Based on the transmission line theory; it is pretty clear
that a short transmission line (less than A/4) which is terminated with an open circuit is capacitive and has
anegative reactance Zin = 4Z0 cot Bl, where Z0 is the characteristic impedance of the transmission line, 3
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Figure 2: Geometry of the proposed antenna, side view and top view.
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Figure 3: The impedance of the port 1 with different h3.

isthe phase constant and | isthe length of the transmission line. Thusthe rectangular patches of the proposed
antenna act as capacitorswhich arein parallel with the input impedances of the bent dipoles. The impedance
of the antennaon Smith Chart while varying the parameter h3 when port 1 isexcited and port 2 isterminated
with a 50Q2 resistor is illustrated in Fig. 2. It can be seen that the imaginary part of the impedance is
increased with the increase of h3. When the length of the rectangular patch (h3) is very small, the absolute
value of itsreactanceis very large. Such a shunt capacitor is can be viewed as open circuit thus it has little
influence on the input impedance of port 1. As h3 increases, the absolute value of its reactance decreases
and the influence of the rectangular patches on the impedance of the antenna become more and more
apparent. The optimum value of h3 occurs at 18mm.

In this paper, a novel approach is presented to design a CP antenna with both low-profile and wide AR
beamwidth. Two pairs of parallel dipoles are orthogonally placed in a square contour, and they are excited
in the same amplitude and 90 phase difference. Our study shows that the wide AR beamwidth could be
achieved if the spacing between two respective parallel dipolesisselected as 0.4a.. Afterwards, a CP antenna,
fed by a four port probe-to-microstrip network, is designed and fabricated on a dielectric substrate. The
measured 3-dB AR beamwidth achieves as large as 126 at 5.2 GHz, while AR < 3DB, [S | < -18DB and
Gain > 5 DBI, and are gained over 5.2 GHz, which covers the GPS-band and CNSS-band.

2. PRINCIPLES OF PROPOSED CPANTENNA

Fig. 1 depictsthe schematic of the planned circularly-polarized antenna with 2 pairs of parallel dipolesin a
very sg. contour. These four dipoles are all placed within the XY-plane. One pair of dipoles is destined
within the coordinate axis, whereas another try of dipolesis within the coordinate axis. so asto induce the
CP radiation in the broadside direction, i.e., Z-axis, these 2 pairs of dipoles are excited within the same
amplitude and ninety part distinction. All of these four dipoles have a length of L and also the spacing
between two several parallel dipolesis about as D. With the employment of thisarrangement, the 2 orthogonal
linearly-polarized radiations could be made, and their linear superposition are often expected to attain the
required circular polarization

Now, let’sstart with mathematical demonstration ontherational of wide AR beamwidth for this proposed
CP antenna. It is assumed in analysis that the current distribution on each of these four dipoles varies as a
sinusoidal function. On a basis of classical antenna theory such as [16], the far-zone normalized electric
field component in the polar axis, radiated by a pair of parallel dipoles along the X-axis in the XZ-plane,
can be deduced as a function of the polar angle ©.
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_ cos(k L cos(6—m/2))—cos k L
5 (0)= sin(6-x/2) @

Where k = 2r/Y,

Similarly, the far-zone normalized electric field component in the azimuthal axis, radiated by a pair of
parallel dipoles along the Y-axis in the XZ-plane, can be derived as a function of the polar angle (©)

E,(6)=cos(D/2xsin(6)) 2

Tablel
Graphical Demonstration in Realization of I1dentical E& And E¥ Radiation Patternin
The Xz-plane Used For The Proposed Cp Antenna

Radiation Radiation pattern Product of
pattern of an in-phase radiation
of a dipole binary array pattern
Eg| = x =
7N )
[':(',1 ‘ : X / [:: -
N oA N/

According to the feeding voltages of four dipoles asillustrated in Fig. 1, we can figureout that <EW. As
such, superposition of these two orthogonal LP wave can radiate the perfect CP wave at the z-axis or
6 = 0% and the axial ratio (AR) at any polar angle (&) in the XZ-plane can be expressed as

AR(8) =|20x IoglO|E';Eg) 3)

)

Obvioudly, the zero-dB AR can be achieved if from (3), but it is not acase. For apair of paralel dipoles
in the X-axis, the XZ plane is the E-plane. However, for a pair of parallel dipolesin the Y-axis, the XZ
planeis the b H-plane. On one hand, the radiation pattern of an electric dipole looks like figure-8 shape in
the E-plane and a figure-O shape in the H-plane. On the other hand, an in-phase binary array of isotropic
radiators has the radiation pattern with afigure-O shape in the E-plane and a figure-8 shape in the H-plane.
If the dipole-to-dipole spacing,, and the dipole length,, are properly selected, the E-and H-plane radiation
pattern can achieve the identical shape in a wide angular range as graphicaly illustrated in Table I. It isa
compulsory condition to achieve a wide CP beamwidth in the polar angle (&).

In this work, each dipole is designed with the length of L = 0.51 as usua. Asillustrated in Fig. 2, the
beamwidth of |E, | is almost unchanged regardless of varied spacing D. It can be smply understood from (1)
that |E | isnot afunction of D. However, the beamwidth of |E | gradually becomes narrow and narrow asthe
spacing D increasesfrom 0 to 0.2A , 0.41, 0.61,, and 0.8).. Looking at (2) we can figure out that |E¢| isa
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Figure4: Calculated Eo and EW radiation pattern in the XZ-plane under varied Spacing for the proposed CP antennain Fig. 1.
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Figure 5: Calculated 3-dB axial ratio (AR) in the XZ-plane under varied spacing D for the proposed CP antenna in Fig. 1.
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Table2
3-DB Axial Ratio (Ar) VersusVaried Spacing D (Extracted From Fig. 3)
D=0, D=0.2}, D =042, D=0.61, D=0.84,
3-dB AR beamwidth 78° 88° 142° 62° 41°

cosine function of D. When D isextremely small or D = 0 in Fig. 2, the perfect flat pattern of |E¢| showsan
omnidirectional radiation property. At D = 0.4 , the |E¢| pattern (thick blue-line) becomes amost the same
asthe |E, | pattern (thick red-line) in awide range of polar angle (0) from —60° to + 60°. Beyond D = 0.44,
the |E¢| pattern becomes narrower than its |E | counterpart in angular beamwidth.

Using (3), we can calculate the axial ratio (AR) in the XY-plane of the proposed CP antenna under the
feeding voltages as shown in Fig. 1. Fig. 3 depicts the calculated AR under varied spacing. When D = 0, the
proposed CP antenna in Fig. 1 becomes a crossed-dipole CP antenna as reported in [17], and its 3-dB AR
beamwidth is approximately ranged in a polar axis from -39° to +39°. At D = 0.4a., this 3-dB AR covers a
very wide range in the polar axis of -71° to +71°. In particular, the beamwidth with aimost zero-dB AR
reaches to arange of -50 to 50. Beyond D = 0.4, this 3-dB AR beamwidth is gradually narrowed. Table |
is tabulated to show the values of 3-dB AR beamwidth under to L = 0 to 0.2a,, 0.4Y, 0.6c., and 0.8a.,,
Again, we can see that a maximum 3-dB AR beamwidth of about 142 is achieved.

3. PROPOSED SCHEME
3.1. Design and Implementation of Printed CP Antenna

Based onthediscussionin Section 1, acircularly polarized (CP) printed antennais proposed and constructed.
Fig. 4 showsitsgeometry. Thisantennaisformed on aRogers s4003C substrate with the relative permittivity

W,

Figure 6: Overall configuration of the proposed CP antenna formed on the upper interfaces of a dielectric substrate.
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of ¢ =3.55 and the thickness of 0.813 mmthat is about 0.00043Y at 5.2 GHz. Two pairsof parallel dipoles,
spaced by, are orthogonally placed at the four sides of a square contour. The two arms of each dipole are
formed on the upper and lower interfaces or layers of the substrate, and it is fed by a double-sided and
balanced stripline as studied in [18]. The balanced stripline plays a key role as abalun and make the dipole
to work at abalance mode. In this case, thisdouble-sided dipoleis slightly shorter than initslength. To gain
a wide 3-dB AR beamwidth at maximum as discussed above with reference to Fig. 5 and Table |1, the
spacing between the two respective parallel dipoles is selected as about at 5.2 GHz. In the following, a
coaxial feeding network shown in Fig. 7 will beinvestigated and designed with the target of zero-dB AR at
the broadside direction, i.e., Z-axisin Fig. 1.

First of all, each dipoleis designed with the input impedance of 70 at resonant frequency of 5.2 GHz by
selecting its strip width as 1.5 mm. The four identical input impedances of these dipoles are considered as
the load impedance of the four output microstrip-line ports of a 1-to-4 feeding and matching network as
shown in Fig. 7. Next, this 1-to-4 network in Fig. 7 is designed using its equivalent transmission-line
network in Fig. 7 based on the network theorem in microwave engineering [19]. Inthisdesign, our target is
to equally distribute the input signal at the coax probe at Point A to the four micristrip-line output ports,
namely, Point B, C, D and E. Meanwhile, the output signals, at Point B and C as well as Point D and E,
should be designated with the 90 phase difference between them. As such the two pairs of vertical and
horizontal parallel dipolesin Fig. 5 are equally fed in both amplitude and phase, respectively. Plus, there is
a 90 phase difference between these paired vertical and horizontal dipole asinquired in Fig. 1. To meet the
needs described above, the length of the double sided striplines, along the path of B to Cand D to E, are
selected as (isthe guided-wavelength) and thesetwo lines act as a90 phase delay line. Since two neighboring
dipoles, namely, are connected in shunt, the input impedance at their connecting points, i.e., Point B and D,
looking to the dipole radiators becomes is 35. Next, a 59-Q ¥g/4 microstrip lineis selected to transform 35

C =100

B
1109 ro
Feed point
500 ‘
Zj"TUQ ’

Figure 7: Coaxial Feeding network Equivalent transmission-line topology

Table3
List of all The Dimensional Parametersfor The Printed CP Antennain Fig. 4
Parameters Ld wd D1 w1 w2 w3 Ws Wg
Values (mm) 38 15 85 13 1 3 100 32
Parameters L1 L2 AB BC AD DE BF

Values (mm) 16 26.5 295 29.5 88.5 29.5 29
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Figure 8: Simulated current distribution on the strip conductor of four dipoles at different time instances.
@t=0; (b)t=T/4; (c)t=T/2; (d) t = 3T/4.

at Point B to 100 at Point A, while a59-Q 3¥g/4 microstrip line is employed to transform 35Q at Point D to
100Q2 at Point A. Since these two 100-microstrip lines are linked with the 50-coax probe, good impedance
matching property can be achieved between the probe and microstrip line at Point A. After the design of the
overall CP antenna shown in Fig. 4 is completed, all of its dimensional parameters can be determined and
they are tabulated in Table Ill. To confirm that the CP wave could be radiated from this designed CP
antennain Fig. 6, the current distribution on the strip conductor of the four dipolesis simulated at different
times,i.e,, t =0, T/4, T/2 and 3T/4, where T standsfor the periodicity of electromagnetic wave at 5.2 & 5.8
GHz. The current distribution is simulated by the FDTD method. As shown in Fig. 6, the two pairs of
dipoles are excited with almost the same amplitude and 90 phase difference, and they result to radiate the
CP wave as a superposition of two orthogonal LP waves

4. RESULTSAND DISCUSSION

In this section, the overall layout of the designed CP antennain Fig. 6 is simulated using the FDTD, and it
is then fabricated to verify the predicted results and the proposed design approach in experiment. Fig. 9
depicts the photographs of the fabricated antenna prototype. Measurement on the reflection coefficient,
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radiation gain and radiation pattern of this antenna is executed by using the Agilent N5230A Network
Analyzer and the near-field SATIMO antenna test system. Due to the rotational symmetry in placement of
the dipoles, only the radiation characteristic in the XZ-planeisinvestigated in thiswork. Fig. 10 depictsthe
simulated and measured axia ratio (AR) as afunction of the polar angle (©) at the central frequency of the
designed CP antenng, i.e., 5.2 GHz. Both of them isfound in good agreement with each other over awide
angular range. Under the usual 3-dB AR definition, the measured AR beamwidth has reached to 126, i.e.,
-63°to +63°, as predicted intheory. Thisantennaradiatesthe so-called left-handed and right-handed circular
polarization, in short, LHCP and RHCP, above and below the horizontal plane of the designed planar CP

Figure 9: Overall configuration of the proposed CP antenna formed on the
lower interfaces of a dielectric substrate.
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antenna in Fig. 9, respectively. Fig. 11 shows the simulated and measured radiation patterns at 5.2&5.8
GHz. Both of LHCP and RHL P patterns achieves almost the same configuration. In addition, thelow cross-
polarization in both sides is attained as illustrated in Fig. 10. Fig. 11 shows the smulated and measured
resultsof S|, peak LHCP radiation gain and axial ratios as afunction of frequency. Measured results show
agood agreement with the simulated ones. In the targeted band of 5.2 and 5.8 GHz, we have well achieved,
AR<3dB, |S,| <-18dB and Gain > 5dB.. Therezfter, the designed CP antenna can well cover the GPS-band
and CNSS-band as demanded in wireless communications.

5. CONCLUSION

In this paper, alow-profile circularly polarized (CP) antenna with wide AR beamwidth has been proposed,
designed and tested. After the principle of beamwidth enhancement has been intuitively explained and
quantitatively demonstrated, a printed CP antennawith the two pairsof paralel dipoles has beenimplemented
on a thin single-layer substrate with the height of about 0.00043Y at central frequency of 5.2 GHz. By
designing acoaxial feeding network, thetwo pairs of dipoleswith orthogonal orientation have been confirmed
to radiate good CP wave in a wide range of polar angle. As shown in both simulation and experiment, the
3-dB axial ratio of the proposed CP antennacan cover an extremely wide angular range with the beamwidth
of about 126. Moreover, al the other measured results, such as reflection coefficient, radiation gain and
axia ratio, are in good consistence with the predicted ones.
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