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ABSTRACT In this letter, a circularly-polarized (CP) log-periodic dipole antenna (LPDA) is investigated.
Eight crossed dipole cells with a logarithmically increased A/8 separation are employed to form the
proposed CP LPDA. The dipoles with increased length and spacing are fed in series by an air-filled
parallel line. The working mechanism of the generation of back-fire CP radiation is illustrated by an array
analyzation. Besides, the LPDA design factors for both polarizations are analyzed in detail to realize
an optimized CP performance. To validate the performance of the proposed eight-element CP LPDA,
a prototype was fabricated and measured. The measured axial ratio (AR) bandwidth (0.8-2.5 GHz) is
coincident with the impedance bandwidth (0.8-2.43 GHz), and it can be further increased with more
elements. The overlapping bandwidth with VSWR < 2, AR < 3 dB, gain variation < 3 dB, and back-fire
gain > 5 dBic is 0.94-2.43 GHz (2.6:1), and the radiation pattern is stable across the entire band.

INDEX TERMS Circularly-polarized (CP), frequency independent, log-periodic dipole antenna (LPDA),

wideband.

I. INTRODUCTION

OG-PERIODIC dipole antenna (LPDA) is a typical

frequency-independent antenna, which has the merits of
ultra-wideband, end-fire radiation, ease of fabrication, and
light weight. The first LPDA is proposed by Isbell in [1], and
later Carrel gives a detailed analysis and design guideline
of LPDA in [2], [3]. However, the contours of computed
gain versus o and t in [3] is incorrect, which leads to
a higher gain. Then, the error is revised by Butson and
Thompson [4] and an accurate optimized design guideline
is proposed. In order to integrate with planar circuits, the
printed planar LPDA is investigated in [5], [6]. Recently,
many methods are investigated to reduce the overall size of
LPDAs. In [7], [8], the arms of dipoles are bent multiple
times to achieve Koch-shaped dipole. T-shaped top loading
is also an effective method of reducing dipole and monopole
size, which can also be integrated into LPDA [9], [10], [11].
Besides, dielectric loading [12] is also an effective means

that can be combined with others. The antennas above are
not suitable for mounting on metal platform. Because the
profile will be very high when they are placed vertically.
The miniaturized technique is also employed in [10], [11]
to reduce the profile of LPDA when assembled on a metal
platform. Therefore, they can be applied in aircrafts or
vehicles to provide vertically polarized radiation.

The designs mentioned above are all linearly polarized
(LP). Compared with LP antenna, circularly polarized (CP)
antenna has some unique properties, such as combating
the multi-path fading, reducing the Faraday rotation and
polarization mismatch effect [13]. There are two basic ways
to produce circular polarization (CP). One is that the element
itself is circularly polarized, such as unequal length crossed
dipole [14] and chamfered patch [15], etc. The other is to
use the feeding circuit [16], [17], [18] to generate the phase
difference required for CP. Many CP antennas in the form
of line arrays have been studied. In [19] and [20], 45° tilted
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radiating elements are periodically added to both sides of
the TEM transmission line. High gain broadside CP beam
is obtained. Antennas with CP end-fire radiation are also
designed in [21] and [22]. Each radiation element is capable
of CP by itself. The end-fire radiation is achieved using a
TEM transmission line. The bandwidth in [19], [20], [21],
[22] is limited because the spacing of the radiating elements
has to satisfy the required phase difference for broadside or
end-fire radiation.

The CP line arrays based on LPDA have no bandwidth
limiting factors other than dipole length ideally. The inves-
tigation of CP LPDA is limited and only a few researches
has focused on the realization of CP LPDA [23], [24], [25].
In [23], a set of crossed dipoles with a distance logarith-
mically increased was proposed. Each crossed dipole cell
contains two dipoles with different lengths to realize CP. The
dipoles are fed by TEM transmission line. In [24] and [25],
also unequal length crossed dipole is employed as the CP
element of LPDA. However, the proposed CP element has
a narrow AR bandwidth (ARBW).

Different from [23], [24], [25], crossed dipole with equal
length is employed in the proposed CP LPDA. The CP
radiation is achieved by separating the crossed dipoles with
a distance of A/8. Besides, an array analyzation is proposed
to explain the working mechanism of the CP back-fire
radiation. Then, the design difference for the two orthogonal
polarizations is analyzed to reduce the gain difference
between two polarizations and realize an optimized CP
performance. The overlapping bandwidth of VSWR < 2, AR
< 3 dB, gain variation < 3 dB, and back-fire gain > 5 dBic
is 0.94-2.43 GHz (2.6:1).

Il. ANTENNA DESIGN AND OPERATING MECHANISM

A. ANTENNA CONFIGURATION

The proposed antenna structure is depicted in Fig. 1 with
eight crossed dipole cells, and the total length is 240 mm.
Each cell includes two elements, a —45° polarized dipole
(Dipole_1) and +45°polarized dipole (Dipole_2) [24]. The
two dipoles in a cell are separated by a distance of S,
which is about A/8, to realize CP radiation in back-fire
direction as shown in Fig. 1(a). The cells are logarithmically
arranged to form the LPDA and the CP radiation will
be enhanced. Besides, the lengths of the dipoles also
increase logarithmically. Four types of dipoles are employed
alternately in the array to realize desired phase reversal as
shown in Fig. 1(b). The working mechanism of the array will
be discussed in detail in Section II-B. An air-filled parallel
line with width W; and height H; is utilized to excite all
of the dipoles. The parallel line is fed through Port 1 by a
coaxial cable. A 50 2 matched load is connected to Port 2
to absorb the residual energy. The proposed antenna is an
all-metal structure.

B. ARRAY CONFIGURATION OF THE SERIES-FED
CROSSED DIPOLES

The working mechanism of the generation of CP radiation
is analyzed in Fig. 2. Fig. 2 depicts two different array
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FIGURE 1. Configuration of the proposed CP LPDA. (a) 3D view, (b) side view of
different dipole el iled di ions: Wt =5 mm, Ht = 1 mm.
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FIGURE 2. Array configurations of the series-fed crossed dipole cell. (a) The
crossed dipole array with a distance of 1/8. (b) The crossed dipole array with a
distance of 1/8 and phase reversal.

configurations of two crossed dipole cells. If the Dipole_1
element and Dipole_2 element are separated by A/8, 90°
and 0° phase shift will be achieved at the back-fire and
end-fire directions, respectively. Because, in the back-fire
direction, the 45° excited phase shift (1/8) and 45° spatial
phase shift (1/8) between the Dipole_1 and Dipole_2 will be
superimposed, while at the end-fire direction, the 45° excited
phase shift and 45° spatial phase shift between the Dipole_1
and Dipole_2 will be cancelled out. Therefore, LP radiation
in the end-fire direction and CP radiation in the back-fire
direction will be realized respectively for Array 1. Besides,
all of the elements are series fed by a transmission line
with TEM mode, which makes the main beam point in the
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FIGURE 3. The mechanism of phase reversal for dipoles with same polarization.

end-fire direction as shown in Fig. 2(a). If we add a phase
reversal for the second crossed dipole cell, the radiation
pattern will be changed to a back-fire radiation. As a result,
a CP back-fire radiation will be enhanced as presented in
Array 2. Different from Array 1, the main beam of Array 2
points in the back-fire direction. A high gain CP radiation is
obtained. Similarly, the dipoles in a cell should be separated
with a distance of A/8 to ensure a CP radiation in the back-
fire direction.

In the proposed antenna, the phase reversal is achieved by
employing different types of dipoles as shown in Fig. 1(b).
The current of each dipole is illustrated in Fig. 3. Take
the dipoles with —45° polarization as examples. The —45°
polarization can be realized in two different ways. With the
same current on the parallel line, the two different types
of bending result in completely opposite currents on the
dipoles according to the relative position. In other words, the
two bending types make the dipoles with —45° polarization
have currents with reverse phases. Similarly, the dipoles with
+45° polarization have the same working mechanism. Based
on these four basic dipoles in Fig. 3, the desired phase
reversal is easily achieved. Moreover, the phase reversal can
combine well with log-periodic alignment to further enhance
the back-fire radiation.

C. ANALYZATION OF THE POL_1 AND POL_2 LPDAS

In Fig. 2, two adjacent cells are separated by a distance of
M4 for back-fire radiation. However, the distance of A/4 is
not necessary in a log-periodic antenna. Back-fire radiation
can be realized by adjusting spacing, dipole length and phase
reversal together. From another perspective, the proposed CP
LPDA in Fig. 1 can be divided into two LPDAs: Pol_1 and
Pol_2 as shown in Fig. 4. The two arrays are composed
of eight Dipole_1s and eight Dipole_2s, respectively. Either
of them can realize backward LP radiation. Dipole_1s and

FIGURE 4. LPDAs for Pol_1 and Pol_2 and a comparison between them. (a) Pol_1
LPDA, (b) Pol_2 LPDA, (c) A comparison between the covered triangles formed by
Pol_1 and Pol_2 LPDAs.

Dipole_2s used in these two arrays contain two types in
Fig. 3, respectively, to realize the desired phase reversal of
LPDA.

According to the analyzation in Section II-B, Pol_1 and
Pol_2 should be separated by a distance of A/8 to realize a
CP radiation toward back-fire direction. Hence, the design
factors are slightly different from each other as depicted
in Fig. 4. The Pol_1 array shown in Fig. 4(a) is designed
by the optimized curve in [27]. The detailed dimensions
are proposed in Table 1 and the LPDA design factors are
proposed in Table 2. Fig. 4(b) shows the Pol_2 array of
the structure in Fig. 1. The lengths (L;) and widths (Wj)
of Pol_2 are equal with Pol_1. The simulated S;; of Pol_1
and Pol_2 is shown in Fig. 5. Both operate in the same
frequency band. Compared with Pol_1, each dipole element
in Pol_2 is moved backward with a distance S;. In order to
achieve 90° phase shift across the entire working bandwidth,
the distance S; is also increased logarithmically and satisfy:

T = i @))]
Sit1

The detailed dimensions of S; are also shown in Table 1.

As discussed in Section II-B, the distance S; should be close
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TABLE 1. Detailed dimensions (unit: mm).

Dipole
element L Wi R; Si
()
1 44 2 74.713 11
2 52.381 2.381 88.944 13.095
3 62.358 2.834 105.885 15.590
4 74.236 3.374 126.054 18.559
5 88.376 4.017 150.064 22.094
6 105.210 4.782 178.648 26.302
7 125.250 5.693 212.676 31.312
8 149.107 6.778 253.186 37.277
TABLE 2. LPDA design factors for Pol_1 and Pol_2.
T c o
Pol 1 0.84 0.153 14.65°
Pol 2 0.84 0.156 12.84°
0
—O— Pol_1 LPDA
—O—Pol_2 LPDA
210 -
2
)
%
20 -
230 1 m 1 1
1.0 1.5 2.0 2.5 3.0
Frequency (GHz)

FIGURE 5. The simulated S;; of Pol_1 and Pol_2.

to A/8. A longer or shorter value will significantly affect the
CP performance. The effect of S; on AR is shown in Fig. 6.
As can be seen, when S; = 11 mm, AR less than 3 dB can
be realized in a wide frequency band. The W in Fig. 6 is
1 mm to avoid position conflicts of the arms.

The covered triangles for the Pol_1 and Pol_2 LPDAs
are illustrated in Fig. 4(c). The angle « of Pol_2 is slightly
smaller than that of Pol_1 while the geometric ratio 7’/ of
Pol_2 is equal with that of Pol_1. The relationship between
« and o’ can be deduced:

L;/2 _ L;i/2 . tan o
Ri Ri+Si 1+Si/R

tana’ = (2)

Since the covered triangle of Pol_2 has a smaller slope
and larger radiation aperture but doesn’t satisfy the optimized
curve. Thus, the gain of Pol_2 is different with that of Pol_1,
which will deteriorate the CP performance. The difference
between o and «’ will be affected by the geometric ratio .
Hence, it is a key step to optimize the geometric ratio t
to get a coincident gain between two polarizations. The

10

—O0—S,=9.5mm —0—S,=11mm —4—§,=12.5mm

AR (dB)

Frequency (GHz)

FIGURE 6. The simulate AR in back-fire direction versus S; with W; = Tmm.

TABLE 3. LPDA design factors.

(1) c o o
LPDALI 0.8 0.153 18.10° 15.43°
LPDA2 0.84 0.153 14.65° 12.84°
LPDA3 0.88 0.153 11.10° 10.02°
10

—O— LPDA1: t=0.8 4

—O0— LPDA2: t=0.84
5 —/—LPDA3: 1= 0.88

Gain difference (dBi)

-10 1 1 1
1.0 1.5 2.0 25 3.0

Frequency (GHz)

FIGURE 7. The gain difference (Gain(Pol_1) - Gain(Pol_2)) of three optimized LPDAs
shown in Table 3 with different 7.

design factors of three optimized LPDAs with different t
are shown in Table 3. The Gain difference (Gain(Pol_1) -
Gain(Pol_2)) of these three optimized LPDAs are illustrated
in Fig. 7. As can be seen, a least gain difference between
two polarizations can be realized when 7 = 0.84. In this
case, the gains of Pol_1 and Pol_2 are much closer over
the entire frequency band, which mains that a stable gain of
backward CP radiation can be realized.

D. CP AND E-FIELD

The simulated vector E-field distribution in a plane behind
the proposed CP LPDA is shown in Fig. 8(a). As t increases
from O to 3T/4, the direction of the electric vector rotates
clockwise, which indicates that the proposed antenna is right-
handed circular polarization (RHCP) in the -y direction.
Fig. 8(b) illustrates the E-field distribution in yz-plane of the
proposed antenna. It is obvious that the radiation is toward
the back-fire direction.
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FIGURE 8. (a) The vector E-field distribution in a period at 2 GHz. (b) The magnitude
E-field distribution in yoz-plane.
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FIGURE 9. Photographs of the proposed antenna.

lll. ANTENNA FABRICATION AND MEASUREMENT
RESULTS

In order to validate the performance of the proposed CP
LPDA, a prototype was fabricated as shown in Fig. 9.
The LPDA is manufactured by a 0.5 mm thick copper

5
—O— Simu.
sl — O~ Meas.
z
730
>
a
P I S S & - - - S
a /D—K
a4 A
o
1 " 1 " 1 " 1 "
1.0 1.5 2.0 2.5 3.0
Frequency (GHz)
FIGURE 10. Simulated and measured VSWR.

1.0 1.5 2.0 2.5 3.0
Frequency (GHz)

FIGURE 11. Simulated and measured S,;.

plate, which is cut by the laser cutting technique with
a precision of +0.1 mm. The parallel line is filled with
foam to ensure consistent height. The arms of the dipoles
are manually bent to the right angle. Two 50-Q semi-
rigid cables are soldered at the two sides of parallel line.
The excited signal is fed through Port 1, while Port 2
is connected with a matched load to absorb the residual
energy.

A. VSWR AND Sy,

The VSWR of the proposed antenna is measured by a
vector network analyzed (VNA), and the comparison curve
between the simulated and measured results is shown in
Fig. 10. The simulated bandwidth of VSWR < 2 is 0.8 -
2.45 GHz, while the measured bandwidth is 0.8 - 2.50 GHz.
Since the radiation elements of the CP LPDA are doubled
at a specified frequency, the leaky power is larger than
that of the conventional LP LPDA. To estimate the leaky
power, the simulated and measured Sy; are shown in Fig. 11.
At f < 0.9 GHz, the power is not radiated effectively
but absorbed at the matched port. At f > 0.9 GHz and
f < 3 GHz, a good power leaky of about 10-20 dB is
realized. This means most of the energy is radiated into
space.
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FIGURE 12. Simulated and measured AR.
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FIGURE 13. Simulated and measured normalized radiation pattern in two planes.
(a) yz-plane at 1 GHz. (b) xy-plane at 1 GHz. (c) yz-plane at 2 GHz. (d) xy-plane at
2 GHz. (e) yz-plane at 3 GHz. (f) xy-plane at 3 GHz.

B. RADIATION PERFORMANCE

The simulated and measured AR in back-fire direction
(-y direction) is shown in Fig. 12. The simulated 3 dB AR
bandwidth is 0.85 - 2.68 GHz, while the measured 3 dB
AR bandwidth is 0.8 - 2.43 GHz and 2.56-2.80 GHz. The
measured AR at 2.43 - 2.56 GHz is deteriorated to 3 - 4 dB
due to the fabrication deviation. The AR bandwidth is

10

Back-fire Gain (dBic)

2 I I I I
1.0 1.5 2.0 25 3.0

Frequency (GHz)

FIGURE 14. Simulated and measured back-fire gain.

TABLE 4. Comparisons of CP antennas.

Peak
e | ot | sy |l | % |
(171 | Equal O'i%fg'g 1('?;‘1")4 65% 9.7
o8l | Equal | %0705 3'15:%34 53% | 10.62
[23] | Unequal %ﬁ%fff 0'5(‘25.5221')16 50% | 531
[24] | Unequal 0515(;&5 3(13751)7 ~100% | 6.5
Ours Equal 133;(;;;) 2'8 O?; ézl ')43 100% 8.15

coincident with the impedance bandwidth, and the bandwidth
can be further increased with more dipole elements.

The simulated and measured normalized radiation patterns
at 1, 2, and 3 GHz in two planes are shown in Fig. 13.
A stable back-fire radiation pattern can be realized across
the entire band. The measured and simulated RHCP patterns
coincide well with each other. The cross-polarization levels
are low in -y direction at 1 and 2 GHz because of the low
AR levels. The curve of back-fire gain versus frequency is
shown in Fig. 14. Small deviation is occurred between the
simulated and measured results due to the fabrication error.
The measured maximum gain is 8.15 dBic, and the gain is
stable with variation less than 3 dB across 0.94 - 3 GHz.

C. DISCUSSION

The comparisons between the proposed antenna and previous
CP antennas are reported in Table 4. In [17] and [18],
two cavity-backed crossed dipole antennas are proposed.
Compared with single antenna, our proposed array has
significant advantages in both impedance bandwidth and
ARBW. Because our design based on log-periodic arrange-
ment allows different lengths of crossed dipoles to be
operated at different frequencies. The gain is slightly lower.
This is because our proposed antenna does not utilize a large
metal reflector. In [23] and [24], the antennas are designed
based on unequal length crossed dipole. Differently, our
proposed antenna is designed based on equal length crossed
dipole. The CP is achieved by adjusting the feeding and
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spatial phase difference and the phase reversal. Compared
to these two designs, the proposed antenna achieves a wider
relative impedance bandwidth. And the ARBW is also very
wide. The peak gain is benefited from the larger size to
some extent. It is worth mentioning that the size reduction
methods in [23] and [24] can be applied to our proposed
antenna to reduce the size.

IV. CONCLUSION

This article proposes a detailed investigation of CP LPDA.
The wideband CP LPDA is realized by a logarithmically
increased A/8 separation between +45° polarized and —45°
polarized LPDAs. Therefore, an overlapping bandwidth of
0.94-2.43 GHz (2.6:1) with VSWR<2, AR < 3 dB, gain vari-
ation < 3 dB, back-fire gain >5 dBic is realized. Furthermore,
the overlapping bandwidth can be further increased with
more elements, the frequency-independent property is still
satisfied in the proposed CP LPDA.
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