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Bandwidth Enhancement of a Planar Printed Quasi-Yagi
Antenna With Size Reduction

Jiangniu Wu, Zhiqin Zhao, Zaiping Nie, and Qing-Huo Liu

Abstract—A compact planar printed quasi-Yagi antenna is presented.
The proposed antenna consists of a microstrip line to slotline transition
structure, a driver dipole and two parasitic strips. The driver dipole is con-
nected to the slotline through coplanar stripline (CPS). The ground plane is
modified by symmetrically adding two extended stubs to reduce the lateral
size. Experimental and simulated results show that the proposed quasi-Yagi
antenna has a wide bandwidth and good unidirectional radiation char-
acteristics. Compared with conventional printed quasi-Yagi antennas, the
width of the proposed quasi-Yagi antenna is reduced by approximately
16.7%. The proposed antenna presents an excellent end-fire radiation with
a front-to-back ratio greater than 10 dB. Its measured bandwidth is from
3.6–11.6 GHz with a ratio of about 3.22: 1. A moderate gain, which is better
than 4 dBi, is obtained.

Index Terms—Quasi-Yagi antenna, size reduction, unidirectional radia-
tion pattern, wideband antenna.

I. INTRODUCTION

Yagi antennas have been widely used to obtain unidirectional radi-
ation and high gain due to their simple structures [1]. Since the mi-
crostrip-fed quasi-Yagi antenna was first introduced by Huang in 1991
[2], the planar printed quasi-Yagi antenna has attracted much attention
owing to the advantages such as low profile, light weight, ease of fab-
rication and installation, etc., [3], [4].
Aim to increase the bandwidth of planar printed quasi-Yagi antennas,

many designs have been reported in [5]–[11]. A quasi-Yagi antenna
based onmicrostrip-to-slotline transition structure was presented in [5].
A measured bandwidth of approximately 46% was obtained. However,
this design pays the price of a large ground plane, which increases the
antenna size. A modified broadband microstrip-to-coplanar stripline
(CPS) balun was used in quasi-Yagi antenna designs for increasing
the antenna bandwidth [6], [7]. Approximately 48% and 38.3% band-
width were achieved by using the microstrip-to-coplanar stripline tran-
sition structures in [6] and [7], respectively. However the bandwidths
of the antennas are still restricted by the delay line used in the balun
structures.
Coplanar waveguide feeding or ultrawideband balun were presented

to improve the bandwidth in some designs [8], [9]. A broad bandwidth
of 44% was obtained in [8]. However, the asymmetric nature of the
printed quasi-Yagi antenna deteriorates the unidirectional radiation pat-
terns. An ultrawideband balun feeding structure, in which the balun
was realized via holes, was used in quasi-Yagi antenna for wideband
in [9]. Slot and CPS-fed feeding structures were also used in planar
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Fig. 1. Geometric structure and parameters of the proposed planar printed
quasi-Yagi antenna.

printed quasi-Yagi antenna to increase the bandwidth [10], [11]. The
maximum bandwidth of these techniques is about 55%.
Adopting a fold driver dipole feed can also increase the bandwidth

[12], [13]. The bandwidth of the antenna with fold dipole feed in [12]
has been significantly improved from 2.92% to 15.1%. The measured
bandwidth of the quasi-Yagi antenna with two elements has been im-
proved to 30% [13]. However, the bandwidths of these quasi-Yagi an-
tennas are still relatively narrow. The bandwidth of quasi-Yagi antenna
can also be improved by modifying the driver to a tapered driver or
bowtie driver [14]–[16]. The antenna sizes are still large. In the above
mentioned antennas, the width of the ground plane is larger than the
length of the driver.
In this communication, a compact planar printed quasi-Yagi antenna

withmodified ground plane is developed based on a newmicrostrip line
to slotline transition structure. The width of the ground plane equals to
the length of the driver dipole. Thus the antenna size is reduced com-
pared with conventional quasi-Yagi antennas. This antenna operates
over an impedance bandwidth from 3.6 to 11.6 GHz with a compact
size, which is wider than that of the antennas in [6], [7] and [11]. The
proposed antenna realizes a wide bandwidth and good unidirectional
radiation ability with a small size. Stable radiation patterns can make
this antenna to be considered for wide-band phased arrays and power
combiners.
The remainder of the communication is organized as follows.

The geometry and parameters of the quasi-Yagi antenna are given
in Section II. Simulation and measurement results are shown in
Section III to demonstrate the effectiveness of the proposed antenna.
Conclusions are drawn in the final section.

II. ANTENNA STRUCTURE AND PERFORMANCE

Fig. 1 shows the geometric structure and parameters of the proposed
planar printed quasi-Yagi antenna. This antenna is printed on a FR-4
substrate with a dielectric constant of 4.4 and a thickness of 0.8 mm.
The antenna is placed at -plane. The -plane is used as E-plane
and the -plane is set as H-plane.
The antenna consists of a microstrip line to slotline transition struc-

ture, a driver dipole and two parasitic strips. The driver dipole and
the parasitic strips are printed on the bottom layer of the substrate and
the microstrip feeding line is printed on the top layer of the substrate.
The driver dipole is connected to the ground plane through coplanar
stripline (CPS). The width of the ground plane equals to the length

0018-926X © 2013 IEEE. Personal use is permitted, but republication/redistribution requires IEEE permission.



464 IEEE TRANSACTIONS ON ANTENNAS AND PROPAGATION, VOL. 62, NO. 1, JANUARY 2014

Fig. 2. Evolution of the ground plane of the printed quasi-Yagi Antenna, (a)
Conventional printed quasi-Yagi antenna, (b) quasi-Yagi antenna with reduced
ground plane, (c) quasi-Yagi antenna with modified reduced ground plane.

Fig. 3. Simulated VSWR and antenna gains of the three antennas shown in
Fig. 2.

of the driver dipole. Compared with conventional planar quasi-Yagi
antennas, the lateral size of the proposed antenna is reduced by mod-
ifying the ground plane. It is achieved by symmetrically adding two
extended stubs to a flat ground plane. The microstrip line to slotline
transition between the MS line and the CPS line is used to match the
input impedance of the antenna to a 50- feeding line. In order to get a
good impedancematching, a steppedmicrostrip feeding line is adopted.
The width of the microstrip feeding line is fixed at 1.5 mm to achieve
50- characteristic impedance.
Fig. 2 demonstrates the evolution of the quasi-Yagi antenna ground

plane. A conventional printed quasi-Yagi antenna as shown in Fig. 2(a)
is used as a reference antenna. The parameters of the conventional
quasi-Yagi antenna are optimized. The simulated reflection coefficient
and realized gain of the conventional printed quasi-Yagi antenna
is shown in Fig. 3. As shown in Fig. 3, the bandwidth defined by

is from 3.9 to 10.25 GHz.
For conventional printed quasi-Yagi antennas, the reflector needs a

larger lateral length than the length of the driver dipole for good uni-
directional radiations. In order to reduce the size of the conventional
printed quasi-Yagi antenna, a quasi-Yagi antenna with reduced ground
plane as shown in Fig. 2(b) is employed. The width of the ground plane
equals to the length of the driver dipole. It is observed from Fig. 3
that the lowest operating frequency of the antenna in Fig. 2(b) shifts
toward the higher frequency, while its gain increases slightly. The re-
duced electrical size of the ground plane gives rise to a narrow band-
width.
In order to increase the electrical size of the ground plane but keep

the size of the antenna shown in Fig. 2(b), two stubs are symmetrically
extended from its ground plane. The printed quasi-Yagi antenna with a
modified ground plane is shown in Fig. 2(c). The simulated reflection
coefficient and realized gain characteristics are also plotted in Fig. 3.
As can be seen from Fig. 3, the lower-end limitation of

Fig. 4. Effect of the length of stubs on the input reflection coefficients and
realized gains.

Fig. 5. Simulated surface currents distribution density of the proposed antenna
at (a) 4.5 GHz and (b) 8 GHz.

the original antenna shown in Fig. 2(a) is 3.9 GHz, while the antenna
with modified ground plane extends it to 3.6 GHz. This means that the
bandwidth is enlarged by themodified ground plane. Obviously, the lat-
eral length of the antenna is reduced about 16.7% compared with the
conventional printed quasi-Yagi antenna shown in Fig. 2(a). This tech-
nique increases the bandwidth and miniaturizes the size of the antenna
simultaneously. The price of modified ground plane is that it slightly
decreases the gain at the low frequency band. The simulated antenna
gain is 4.5–8.3 dBi in the band of 3.6–10.3 GHz.
Fig. 4 shows the effect of different lengths of the stubs on the

reflection coefficients and the realized gains. It is observed that
the impedance matching is improved as the stub length increases.
However, the gain in the low frequency band decreases slightly. Thus
should be optimized in order to compromise on good impedance

matching and high gain.
In Yagi-Uda antenna design, metallic strip is always used as a di-

rector. In this communication, two metallic strips are used to improve
directivity and impedance matching in the high frequency band. The
simulated surface current distributions of the proposed antenna at 4.5
GHz and 8 GHz are shown in Fig. 5. As shown in Fig. 5(a), the surface
currents on the directors are weak at 4.5 GHz. Comparing Fig. 5(b)
with Fig. 5(a), the surface currents on the metallic strips are enhanced,
which means that the effects of the parasitic strips as directors are im-
proved in the high frequency band. Thus the proposed antenna works
as a quasi-Yagi antenna.
In order to further illustrate the effect of the directors, their effects

on the reflection coefficient and F/B ratio are plotted in Fig. 6. It is
observed that the directors have great effects on impedance matching
and directivity in the higher operating frequency band. The impedance
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Fig. 6. Effect of the directors on the input reflection coefficient and F/B ratios.

Fig. 7. Photographs of the fabricated antenna.

matching and the directivity are significantly improved when the direc-
tors are added. Both wideband performance and good directivity are
achieved.
Achieving a wide impedance matching is the main objective in the

optimization procedure. The parameter optimization is mainly obtained
by means of parametric analysis. The final optimized dimensions are
specified as follows: , , ,

, , , ,
, , , ,

, , , , .

III. EXPERIMENTAL RESULTS

The designed antenna was fabricated with the optimized parameters.
The overall dimensions of the substrate are 30 mm 34 mm. Fig. 7
shows the photographs of the fabricated antenna. A 50- SMA con-
nector is used to feed the antenna for measurement. The antenna perfor-
mance is obtained by using an Agilent E8363B performance network
analyzer (PNA) and SATIMO antenna measurement system.
Fig. 8 depicts the measured and simulated reflection coefficients of

the proposed quasi-Yagi antenna. As shown in the figure, the measured
and simulated results match well. The simulated impedance bandwidth
defined by is from 3.6 to 10.3 GHz and the measured
impedance bandwidth defined by is from 3.6 to 11.6 GHz
with a ratio of about 3.22: 1. The operating bandwidth is wider than
that of the antennas in [6], [7] and [11]. Clearly, this antenna can be
operated in the majority of the UWB frequency band. The difference
between the simulated and the measured results is due to the effect of
the SMA connector and fabrication imperfections.
The realized gain variation with frequency of the antenna is shown

in Fig. 9. The agreement between the measured and simulated results
is good. Within the operating frequency ranging from 3.6 to 10.3 GHz,
the simulated gain varies between 4.5 and 8.3 dBi, while the measured

Fig. 8. Simulated and measured reflection coefficients of the proposed quasi-
Yagi antenna.

Fig. 9. Simulated and measured antenna gain of the proposed antenna.

antenna gain varies between 4.1 and 6.8 dBi. In other words, amoderate
measured gain, which is better than 4 dBi, is achieved.
In order to demonstrate the radiation characteristics of the quasi-Yagi

antenna, its radiation patterns are measured. The simulated and
measured radiation patterns in -plane ( -plane) and -plane
( -plane) at 4, 6, 8, and 10 GHz are depicted in Fig. 10. It is
observed from the plots that the experimental measurements have
good agreement with the numerical simulations. More importantly,
the main lobe of the radiation pattern is fixed to the endfire direction
( -axis direction) in the effective bandwidth. Stable radiation pat-
terns are also obtained. Fig. 11 plots the cross-polarizations in both
-plane ( -plane) and -plane ( -plane) at 4, 6, 8, and 10 GHz,

respectively. Within the operating frequency range, the maximum
cross-polarization level is 14.9 dB and 12.1 dB in the -plane and
-plane. Moreover, the cross-polarization level in the main radiation

direction is less than 15.2 dB and 15.0 dB in the E-plane and
H-plane, respectively. Low cross-polarizations in both E and H-plane
are achieved.
Another critical parameter for a unidirectional antenna is the F/B

ratio, which represents the unidirectional radiation capability. Fig. 12
shows the simulated and measured results of the F/B ratio for the pro-
posed quasi-Yagi antenna. As shown in the figure, the experimental
measurements have good agreement with the numerical simulations.
The measured F/B ratio is better than 10 dB within the band from 3.6
to 10.3 GHz. Good unidirectional characteristics are experimentally
confirmed.
The linear phase response of the antenna is very important for UWB

systems because a non-linear phase response will result in waveform
distortion in time domain. In this study, two identical antennas were
placed face to face over a distance of 300 mm [17], which maintains
the far-field region condition. One antenna is used to transmit a signal
and the other one is used to receive the signal. Group time delay was
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Fig. 10. Measured and simulated radiation patterns of the proposed antenna in
both E-plane ( -plane) and H-plane ( -plane) at the different frequencies
(a) 4 GHz, (b) 6 GHz, (c) 8 GHz, and (d) 10 GHz.

obtained by measuring the transmission coefficient via a vector net-
work analyzer. Absorbing material is placed close to both antennas in
order to avoid multiple reflections. Fig. 13 shows the simulated and
measured group time delays. As shown in Fig. 13, the measured re-
sults show that the group delay of the proposed design is around 1.6 ns
in the entire working band with variation less than 0.5 ns. Relatively
flat response is achieved within the working frequency band. In other
words, a good linear phase response is achieved.

Fig. 11. Measured cross-polarization of the antenna at different frequencies (a)
E-plane ( -plane), (b) H-plane ( -plane).

Fig. 12. Simulated and measured F/B ratios of the proposed antenna.

Fig. 13. Simulated and measured group delays of the proposed antenna.

IV. CONCLUSION

A planar printed quasi-Yagi antenna with size reduction is designed
and experimentally studied in this communication. The antenna con-
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sists of a microstrip line to slotline transition structure, a driver dipole
and two parasitic strips. Two extended stubs are symmetrically added
to the ground plane. The lower-end limitation of the
quasi-Yagi antenna with modified ground plane is extended to 3.6 GHz
from the original 3.9 GHz. The width of the proposed antenna is re-
duced by approximately 16.7% compared with the original antenna.
A prototype of the antenna is fabricated and tested to demonstrate the
effectiveness of the design. The measured results show that the mea-
sured bandwidth defined by is from 3.6 to 11.6 GHz with
a ratio of about 3.22: 1. A good F/B ratio, which is better than 10 dB, is
obtained from 3.6 to 10.3 GHz. In addition, the measured group delay
of the antenna shows that this planar quasi-Yagi antenna has a good
time-domain characteristic, which means that a transmitted signal will
not be seriously distorted by using this printed quasi-Yagi antenna.
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Quality Factor and Radiation Efficiency of Dual-Mode
Self-Resonant Spherical Antennas With Lossy

Magnetodielectric Cores

Troels V. Hansen, Oleksiy S. Kim, and Olav Breinbjerg

Abstract—For spherical antennas consisting of a solid magnetodielectric
lossy core with an impressed surface current density exciting a superposi-
tion of the and spherical modes, we analytically determine
the radiation quality factor and radiation efficiency . Also, we deter-
mine the relative mode excitation, as a function of the core material param-
eters, which ensures self-resonance. For the specific case of a dual- ,

dipole antenna of half a wavelength circumference, we show quan-
titatively, how and behave, and can be optimized as functions of
permeability and magnetic loss tangent. We obtain values well below
the Chu lower bound with fair efficiencies up to 71% – 84%.

Index Terms—Electrically small antennas, energy storage, magnetic
losses, quality factor, spherical antennas.

I. INTRODUCTION

Many have endeavoured to determine and approach the fundamental
lower-bound upon the radiation quality factor of electrically small
antennas, e.g., [1]–[6]. Chu [3] studied a spherical volume of radius
circumscribing the antenna, expanded the external fields as spherical

and modes,1 assumed zero internal stored energy, and
found that the electric or magnetic dipole fields yielded the lowest ,
this Chu lower bound is

(1)

where is the free-space wavenumber. The Chu lower bound on
applies for single-mode antennas; McLean [6] showed that the min-
imum for a dual- , dipole antenna (i.e., assuming zero
internal energy) is

(2)

which can also be obtained from the earlier results of Fante [5], and for
, becomes half of as already noted by Chu [3]. It

Manuscript received August 21, 2013; accepted September 11, 2013. Date of
publication October 25, 2013; date of current version December 31, 2013.
The authors are with the Department of Electrical Engineering, Technical

University of Denmark, Kgs. LyngbyDK-2800, Denmark (e-mail: tvh@elektro.
dtu.dk; osk@elektro.dtu.dk; ob@elektro.dtu.dk).
Color versions of one or more of the figures in this communication are avail-

able online at http://ieeexplore.ieee.org.
Digital Object Identifier 10.1109/TAP.2013.2287290

1with azimuthal index , and polar index .
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