Progress In Electromagnetics Research Letters, Vol. 60, 9–16, 2016

A Very Wideband Dipole-Loop Composite Patch Antenna
with Simple Feed
Kai He1, * , Peng Fei2 , and Shu-Xi Gong1

Abstract—By combining a horizontal bowtie electric dipole and a vertical rhombic loop antenna which
is realized by a pair of folded shorted patches, a very wideband dipole-loop composite patch antenna is
designed. Four tuning stubs are attached to the edges of the bowtie dipole to improve the impedance
matching. The bowtie dipole and the rhombic loop antenna are excited simultaneously by a simple
feed structure which not only forms a folded balun but also makes the antenna itself be direct current
grounded. Results show that a wide impedance bandwidth of 121.6% for |S11 | < −10 dB from 3.5 to
14.35 GHz is obtained. Good radiation patterns, low back radiation, low cross polarization level, and
peak antenna gains of 7.7 to 9.8 dBi are achieved over the operating bands.

1. INTRODUCTION
With the fast progress of broadband wireless communications, there are increasing demands for
wideband antennas with high performances. Due to the remarkable features and advantages such as
broad bandwidth, unidirectional radiation patterns, stable gain, and low cross-polarization, electricalmagnetic composite antennas are being increasingly widely studied and applied. By exciting a loop
antenna and a dipole or monopole simultaneously, some composite antenna designs were proposed
in [1–3]. Recently, a novel kind of composite patch antenna which is also called magneto-electric dipole
was investigated in [4, 5]. The designs usually consist of a horizontally mounted electric dipole and
a vertically placed shorted patch antenna which can be equivalent to a magnetic dipole. Though the
impedance bandwidths are no more than 60% for |S11 | < −10 dB, good radiation characteristics were
demonstrated. To get wider bandwidth, several improved designs were presented in [6, 7]. When
the bandwidths were enlarged to 86% and 87% respectively, the feed structures and the antenna
conﬁgurations are more complex. A magneto-electric antenna with an impedance bandwidth of 95.2%
(1.65 GHz to 4.65 GHz) was discussed in [8]. The antenna which consists of a folded shorted patch
antenna and a bowtie electric dipole exhibits good performance over the whole working bands, but the
feed structure which works as an air microstrip line is not stable or direct current (dc) grounded. In [9],
a wideband dual-band magneto-electric dipole antenna with improved feed is studied. Though two wide
operation bands of 72% (1.48 to 3.15 GHz) and 21% (4.67 to 5.78 GHz) are achieved, the antenna is
complex in structure and not dc grounded. Two dc grounded magneto-electric dipole antenna elements
are presented in [10, 11]. Simple and low-proﬁle structures are realized. However, the impedance
bandwidths are only 45.6% and 54.8% respectively, which limit the antenna’s application to broadband
wireless communication system. Based on the study of the electrical-magnetic composite patch antennas
presented above, the bandwidths of the proposed antenna compared to the antennas above are given in
Table 1.
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Table 1. Bandwidths of the electrical-magnetic composite patch antennas.
References
Bandwidth

[4]
60%

[5]
45.6%

[6]
86%

[7]
87%

[8]
95.2%

[9]
72% & 21%

[10]
45.6%

[11]
54.8%

Proposed antenna
121.6%

In this letter, a very wideband electrical-magnetic composite patch antenna is presented. The
antenna is composed of a horizontal bowtie electric dipole with four matching tuning stubs and a vertical
rhombic loop antenna which is realized by deforming the cross-sectional shape of a pair of folded shorted
patches into a rhombic shape. Both the electric dipole and the loop antenna are simultaneously excited
by a folded coaxial cable which is ﬁxed to one shorted patch of the rhombic loop antenna. So the
antenna itself is dc grounded which fulﬁls the requirement for outdoor communication applications and
makes the proposed design a promising candidate for the outdoor wireless communication systems.
2. ANTENNA DESIGN
The structure of the proposed antenna with detailed dimensions is shown in Figure 1. It is formed by
connecting a planar bowtie electric dipole with four matching tuning stubs to a pair of vertically folded
shorted patches with a rhombic shaped cross-section. Here, the shorted patches act as a loop antenna
because that the electric energy mainly distributes on the edges of the folded shorted patches. The
bowtie dipole is introduced to achieve wide-bandwidth characteristic and the four tuning stubs are used
to improve the antenna’s impedance matching at lower frequency bands. By attaching the four matching
tuning stubs to the bowtie dipole, the total electrical length of the bowtie electric dipole is increased so
that the antenna’s matching condition at lower frequencies is varied. When the dimension values of the
tuning stubs L3 and W5 are suitably set, the antenna’s impedance matching can be eﬀectively enhanced.
The overall length of the rhombic loop antenna should be designed as a half wavelength according to
the target work band. By optimizing the antenna’s dimension values, the bowtie dipole and rhombic
loop could resonate at near frequencies, and the bandwidth of the electrical-magnetic composite patch
antenna can be signiﬁcantly enlarged. In view of the requirements of low proﬁle and good performance
for the design, the angel θ between the shorted patch and the ground plane is set to be 50◦ .

(a)

(b)

Figure 1. Geometry of the electrical-magnetic composite antenna: (a) 3D view; (b) Side view.
As shown in Figure 1, the bowtie electric dipole and rhombic loop antenna are simultaneously
excited by a folded coaxial cable. The cable’s one end is joined to a SMA connector which is assembled
under the ground. The inner conductor of the cable’s other end is connected to a folded coupling strip
which is attached to one arm of the electric dipole whereas the cable’s outer conductor is connected to
the other shorted patch of the loop antenna. A folded coupling strip is used to couple energy to the
electric dipole and enhance the impedance matching. Also, the antenna’s impedance matching can be
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improved while the coupling strip’s dimension is optimal. Here, this feed structure forms a simple folded
balun and makes the antenna be inherently dc grounded which satisﬁes the requirement for outdoor
applications. The ﬁnal optimal dimension values of the conﬁgurations are listed in Table 2.
Table 2. Dimension valuesfor the electrical-magnetic composite antenna (unit: mm).
Parameters
Value
Parameters
Values

L1
35
W3
76

L2
22
W4
11.5

L3
21.35
W5
0.94

Lg
120
d1
2.2

W1
30
d2
0.8

W2
76

Figure 2 shows the simpliﬁed equivalent circuit of the proposed electrical-magnetic composite patch
antenna. It is clear that the bowtie electric dipole can be equivalent to a RLC series resonant circuit and
the rhombic loop antenna can be equivalent to a RLC parallel resonant circuit [12]. Without taking into
account the resistance, inductance and capacitance caused by the other parts of the proposed antenna,
the equivalent circuit of the proposed antenna can be simpliﬁed as presented in Figure 2. Here, RE ,
LE and CE represent the resistance, inductance and capacitance generates by the electric dipole while
RM , LM and CM represent the resistance, inductance and capacitance generates by the loop antenna.

Figure 2. Simpliﬁed equivalent circuit of the electrical-magnetic composite patch antenna.
Therefore, the total input impedance of the equivalent circuit Zin can be written as follow:
1
1
1
=
+
Zin
ZE
ZM
1
ZE = RE + jωLE +
jωCE
1
ZM =
1/RM + 1/jωLM + jωCM

(1)
(2)
(3)

where ZE and ZM denote the impedance of the bowtie electric dipole and the rhombic loop antenna
respectively. After calculation and simpliﬁcation, we can write Zin as:
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When the input resistance of the bowtie dipole is properly designed, what’s more, the bowtie
dipole and the rhombic loop antenna are simultaneously excited and resonate at the same frequency,
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(a)

(b)

Figure 3. Current distributions of the dipole-loop composite antenna at diﬀerent times: (a) t = 0
(T /2); (b) t = T /4 (3T /4).
the following two equations can be satisﬁed simultaneously [12].
2
= LE /CM
RE
LE CE = LM CM

(5)
(6)

Then, it is obviously that the imaginary part of Zin can be 0. Thus, if the electrical-magnetic composite
antenna is properly designed, the bandwidth of the electrical-magnetic composite antenna can be
dramatically enlarged.
To further illustrate the operation principles of the antenna, the current distributions of the
proposed antenna at diﬀerent times at 5.5 GHz are analysed by ANSYS HFSS and shown in Figure 3.
At time 0 and T /2 (T is the oscillation period of the electromagnetic ﬁelds) the currents are mainly
distributed on the bowtie electric dipole and the currents on the surface of the rhombic loop antenna
are minimized. Therefore, it can be concluded that the dipole mode is mainly excited at time 0 and
T /2. On the contrary, at time T /4 and 3T /4 the currents distributed on the bowtie electric dipole are
minimized, however the currents on the rhombic loop antenna are predominant, which illustrates that
the loop mode is excited at time T /4 and 3T /4.
Figure 4 is presented to show the eﬀects of the four matching tuning stubs. The simulated |S11 |
curves for various lengths of the tuning stubs with other dimensions optimal are given. It can be
seen that as L3 varies, the dipole-loop composite antenna’s impedance matching at lower frequencies
obviously changes while the impedance matching at other frequencies almost stays the same. This eﬀect
indicates that while the matching tuning stubs are joined to the bowtie dipole, the antenna’s electrical
length is increased and the antenna’s impedance matching at lower frequencies is improved.
3. RESULTS AND DISCUSSIONS
Based on the simulation and analysis, a prototype of the proposed antenna is fabricated and measured.
The picture of the electrical-magnetic composite antenna is shown in Figure 5.
The simulated and measured |S11 | curves against frequency for the loop-dipole composite antenna
are described in Figure 6. It can be observed that there is a reasonably agreement between the measured
and simulated results with an acceptable discrepancy, which may be caused by the fabrication error.
And an impedance bandwidth of as broad as 121.6% from 3.5 to 14.35 GHz for |S11 | < −10 dB is
obtained.
The radiation patterns for the loop-dipole composite antenna in the E- and H-planes at 3.5, 6.5 and
9.5 GHz are plotted in Figure 7. The dipole loop composite antenna shows good unidirectional radiation
patterns over the operation band. It can be observed that the front-to-back ratios are above 10 dB and
the cross polarization levels are below −20 dB. Figure 8 shows the peak gain and radiation eﬃciency
of the proposed antenna. It can be seen that the peak gain varies from about 7.7 to 9.8 dBi while the
radiation eﬃciency is more than 77% during the measured bands. The measured radiation patterns and
peak gains at higher frequencies are not given due to the limitation of the testing equipment.
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Figure 4. Eﬀects of various tuning stubs’ length L3 .

Figure 5. Picture of the manufactured antenna.

Figure 6. Measured and simulated |S11 | against frequency.
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Figure 7. Measured and simulated radiation patterns at 3.5, 6.5 and 9.5 GHz.
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Figure 8. Gains and radiation eﬃciency of the proposed antenna.
4. CONCLUSION
A very wideband dipole-loop composite patch antenna is presented in this paper. The antenna is
composed of a horizontal bowtie electric dipole with four tuning stubs used for impedance matching
improvement and a vertical rhombic loop antenna which is realized by a pair of folded shorted patches.
The electric dipole and the loop antenna are simultaneously excited by a folded feeder which forms
a simple balun and makes the antenna be dc grounded. An impedance bandwidth of 121.6% for
|S11 | < −10 dB from 3.5 to 14.35 GHz, good radiation patterns, low back radiation, low cross polarization
level, and a peak antenna gain of 7.7 to 9.8 dBi were obtained, which suggest that the proposed antenna
could be widely used in outdoor broadband wireless communication systems.
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