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�is paper describes the design and development of a triband with circularly polarized quasi-Yagi antenna for ka-band and short
range wireless communications applications. �e proposed antenna consists of an integrated balun-fed printed dipole, parasitic
folded dipole and a short strip, and amodi	ed ground plane.�e antenna structure, together with the parasitic elements, is designed
to achieve circular polarization and triband operating at resonant frequencies of 13.5 GHz, 30GHz, and 60GHz. Antenna design
was 	rst simulated using HFSS ver.14, and the obtained results were compared with experimental measurements on a prototype
developed on a single printed circuit board. Achieved characteristics include −10 dB impedance bandwidth at the desired bands,
circular polarization axial ratio �� < 3 dB, front to back ratio of 6 dB, gain value of about 4 dBi, and average radiation e�ciency of
60%. �e paper includes comparison between simulation and experimental results.

1. Introduction

Recently printed antennas have been commonly used in
sensing and various communications and radar systems
applications due to their low cost, low pro	le, and simple
integration with transceiver systems. For example, microstrip
arrays are highly desired for the broadcast satellite services
(BSS) in the frequency band at 13.5 GHz [1]. Moreover,
the unlicensed frequency bands in the 30GHz and 60GHz
ranges are used for increased data rate of more than 1Gb/s
in WLAN (wireless local area network IEEE 802.11n) and
WPAN (wireless personal area network) short range commu-
nication systems [2].

Some examples of printed antenna implementations illus-
trate speci	c and interesting particular solutions and show
that they can be integrated with solid-state devices [3–5]. Of
speci	c interest in this paper are those designs that are based
on new shapes of Yagi-antenna implementation. Yagi-type
antennas have several advantages overmany other commonly
used ones in portable communication systems [5–7]. First,
the presence of the substrate provides mechanical support

for the antenna and planar transmission line compatibility.
Second, the parasitic director element on the top plane simul-
taneously directs the antenna propagation towards the end-
	re direction and acts as an impedance-matching parasitic
element as well [8].

Development of antennas with circular polarization (CP)
radiation patterns is also desirable in satellite communi-
cations systems and for portable wireless communications
systems as they reduce multipath fading e�ects and provide
�exibility in the orientation angles between transmitters and
receivers. However, CP antennas reduce e�ciency compared
to linearly polarized antennas [7, 9]. Many CP antennas also
have complex feeding networks and con	gurations and hence
increase packaging cost and system sizes [10]. Nonetheless,
various integrated CP antenna designs have been proposed
for MM-wave applications and these designs were imple-
mented in either multilayer or one-layer solutions [11].

Development of antennas with multiband radiation char-
acteristics is yet another desirable and important feature.
Various techniques of printed MM-wave antenna for dual
band and circular polarization have been reported [12].�ese
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Figure 1: �e proposed quasi-Yagi antenna con	guration.

designs, however, have not been widely used due to several
undesirable features, including narrowband, small axial ratio,
and relatively complex structures and heavier weights.

�e main objective of this paper is to describe the design
of a low cost, simple structure, multiband quasi-Yagi antenna
with circular polarization radiation pattern. �e rest of the
paper is organized as follows: in Section 2, the design and
simulation of the quasi-Yagi antenna are described. Section 3
discusses the experimental measurements and results.
Section 4 concludes and summarizes features and char-
acteristics of the designed antenna.

2. Antenna Design and Simulation

As mentioned earlier, printed quasi-Yagi antenna is widely
used in communication and radar applications due to its
high directivity, high radiation e�ciency, low pro	le, and
ease of fabrication. It has, however, narrow bandwidth, and
this is considered its main disadvantage. Aimed at increasing
the bandwidth of planar printed quasi-Yagi antennas, many
designs have been reported [8]. In this paper, a hybrid T-
dipole and quasi-Yagi antenna have been used to achieve
broadband as shown in Figure 1.

In this case, the quasi-Yagi antenna consists of a ground
plane that acts as a re�ector with width �� and length ��,
T-shaped printed dipole with length �� as a driven element,
and the parasitic strip with length �� as a director which is
printed at distance � from the driven element of the antenna.
Design method is on feeding (balun) structure to improve
the impedance bandwidth [13–15]. Various design shapes in
developing this antenna, shown in Figures 2(a)–2(c), have
been studied and obtained. |�11| results for each of these
cases are shown in Figure 2(d). First, the response of the
folded dipole CPW-fed shown in Figure 2(a) was simulated
and |�11| results are shown as blue dashed line in Figure 2(d).

Table 1: Optimized proposed antenna dimensions (mm).

� sub �� �� �� �� �dir ��1 ��
5 2 2 2 1.8 1 2.2 2.2

�sub �� � � � 	 ��1 �
5 0.62 0.1 0.9 0.4 0.4 2.15 0.5

�e director element is then introduced in Figure 2(b), and
its e�ect on the |�11| performance is shown as red dashed
line in Figure 2(d). To create a new resonant frequency at
13.5 GHz and improve the antenna bandwidth at 60GHz, a
second “virtual” dipole with length��which is away from the
ground plane by a distance �dir is added to the ground plane to
perform as a re�ector element in the proposed Yagi design as
shown in Figure 2(c).�e impact of this change in the design
on the overall performance of the antenna is shown as the
black solid line in Figure 2(d). �e air bridge (see Figure 1)
is also added to keep the two ground planes at the same
potential and insure the electrical balance of operation. �e
antenna was built on a substrate of relative dielectric constant
3.5, loss tangent 0.0015, and substrate thickness 0.13mm.
�e folded dipole �� was designed to operate at 13.5 GHz
and T-dipole was designed to radiate at 30GHz, while the
parasitic element was designed to operate at 60GHz. �e
optimized dimensions of the proposed antenna to provide
good impedance matching at the desired frequencies are
shown in Table 1. �e two dipoles are printed on one side
with spacing between � and �dir. For CP operation we slightly
changed the lengths ��1 and ��1 and shi�ed �� from the T-
shaped center [12].

2.1. Antenna Parametric Study. �e HFSS ver.14 FEM solver
from Ansys is used for the design simulations. �e initial
design of the dipoles used 2��, 2��, and �� at approximately
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Figure 2: (a)–(c) Design steps of the proposed antenna and (d) |�11| result response at each step.

half of the e�ective wavelength (
e�/4) at 13.5 GHz, 30GHz,
and 60GHz, respectively.�e folded virtual dipole, T-shaped
dipole, and parasitic strip act as the re�ector, driver, and
director of the proposed antenna, respectively.�e optimized
dimensions of the proposed antenna so as to provide good
impedance matching at the desired frequency are given in
Table 1.

�e unequal arms lengths are between � �, � �1 and ��,��1, to be o� center of the element axis �� to cause 90∘ phase
di�erence at 13.5 GHz, 30GHz, and 60GHz, respectively,
without using any coupler network to provide circular polar-
ization. �is could be explained as by utilizing two di�erent
lengths of monopole arms, we realize a change in the electric
current phases of the arms. Particularly, the radiated 	eld
is the submission of radiation of monopole arms currents.
�e arm with a length shorter than at resonance frequency

generates a wave with relative phase delay, whereas that with
larger length generates a wave with relative phase advance.
Taking advantage of this lead and lag of the antenna phases,
the phase di�erence of 90 is tuned at this resonant frequency
[8, 11, 12, 16–23].

�e e�ects of ��, ��, ��, and �	 on the antenna perfor-
mance were examined by changing one parameter at a time
and keeping the other parameters 	xed as shown in Figure 3.

From Figure 3(a) it may be seen that as the length of
T-dipole � � is increased, from 1 to 3mm with steps 1mm,
the fundamental resonant frequency decreased from 16 to
12GHz. Moreover, � � a�ects the lower resonant frequency at
the higher band and reduces the resonant frequency from 56
to 53GHz.

As for the folded dipole length ��, simulation results
show that as �� is increased from 1mm to 2mm with step
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Figure 3: (a)–(d) |�11| as function of ��, ��, ��, and �dir, respectively.

0.5mm, the second resonant frequency is reduced from 33
to 28GHz with slight e�ect on other resonant frequencies as
shown in Figure 3(b).

�e increase in the parasitic strip length �� from 0.5 to
2mm gives rise to a reduction in the highest frequency band
from 58–75GHz to 55–69GHz without a�ecting the other
resonant frequencies as shown in Figure 3(c). Moreover, the

separation between T-dipole and folded dipole �dir indepen-
dently a�ects the antenna resonant frequency response as
shown in Figure 3(d).

�e dimensions of the optimized antenna are shown in
Table 1 where the length of ��1 is slightly increased compared
to �� by 0.2mm, the length of ��1 is slightly increased from
that of �� by 0.15mm, and the director element �� is shi�ed
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Figure 4: Simulated and measured axial ratio of the proposed antenna.
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Figure 5: (a)–(c) �e current distribution at 13.5, 30, and 60GHz, respectively.

from the gap center of driver T-dipole by 0.5mm. Figure 4
compares the measured and simulated axial ratios of the
proposed antenna versus frequency at the maximum gain
direction. Simulated results show that the antenna has an��
bandwidth of 5GHz, 6GHz, and 12GHz at 13.5 GHz, 30GHz,
and 60GHz, respectively. Measurements show that the AR
bandwidth is close to 4GHz and 8GHz at 13.5 GHz, 30GHz,
and 60GHz, respectively.

2.2. Antenna Performance. �e performance of the proposed
antenna at the three resonant frequencies was further simu-
lated and studied. Results of the surface current distribution
are shown in Figure 5 for each antenna resonant frequency.
As it may be noted, for the band at 13.5 GHz, Figure 5(a)
shows that the most current mainly �ows on the printed T-
shaped dipole and this contributes that the most radiation is
mainly due to this element. For the second band at 30GHz,
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Figure 6: Simulated front to back ratio and gain of the proposed
antenna.

Figure 5(b) shows that the current is mainly concentrated on
the folded dipole, and this contributes the most radiation in
this band. �e same happens for the third band at 60GHz,
where current mainly concentrates on the parasitic element.
As may be seen from Figure 6, simulated radiation pro	le
(front to back ratio) is about 4.5 dB, 9 dB, and 7 dB while the
simulated antenna gain is about 2.9 dBi, 7 dBi, and 6 dBi, at
13.5 GHz, 30GHz, and 60GHz.

3. Experimental Results and Discussion

�e antenna was fabricated using mechanical etching tech-
nology with 0.1mm accuracy on Rogers RO3035 substrate
with a 0.13 and 0.017mm dielectric and copper thickness.
End launcher connector 1.85mm is connected and anAnritsu
37397C vector network analyzer is used to measure the
proposed antenna as shown in Figure 7(a). Comparison
betweenmeasured and simulated re�ection coe�cient results
is shown in Figure 7(b) with 5%, 10%, and 30% impedance
bandwidth at 13.5, 30, and 60GHz, respectively. As it may
be seen, the |�11| bandwidth < −10 dB is almost the same
between simulation and measurement, at lower frequencies,
while at higher frequencies, the bands were shi�ed to lower
frequency by about 3GHz. �is di�erence may be due to the
capacitor loading between the proposed antenna and the fed-
connector and may also be due to fabrication tolerance. �e
measured results were ended at 65GHz due to the limited
range of the VNA. �e gain characteristics of the proposed
mm wave antenna are evaluated by using method presented
in [16–18]. �e gain of the antenna under test is calculated by
using Friis transmission:

|�21|2
(1 − |�11|2) (1 − |�22|2) = 
� (
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Figure 7: (a) Photo of fabricated antenna and (b) simulated and
measured |�11| characteristics of the antenna.

where 
, � are the gains of the transmitting and receiving
antennas, respectively, while |�21|, |�11|, and |�22| are the
transmission and re�ection coe�cient between a reference
horn antenna having a known gain (Quin Star ≈ 21 dBi) and
the re�ection coe�cient of the proposed antenna, respec-
tively. 
 is the operating wavelength and � the distance
between the two antennas.

�e measured and simulated radiation patterns and
peak gain of the proposed antenna at frequencies 13.5 GHz,
30GHz, and 60GHz in the �� and �� planes are shown in
Table 2.�is table also shows the fair agreement of measured
and simulated patterns and gain. Discrepancy may be due to
the re�ective bodies of automobiles that caused �uctuations
in readings; the movement and positioning of the coaxial
cable altered patterns and mis-mounting of the antennas
caused altered patterns. �ese errors increased especially at
high frequencies. �e large cross polarization radiation is
assumed to be generated by the balun and the use of the large
connector.
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Table 2: Radiation patterns, EM: black lines, measurements: red lines, �
B
: solid lines, and �Θ: dash lines. Axis is shown in Figure 1.
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Figure 8: �e proposed antenna radiation e�ciency versus fre-
quency.

�e antenna radiation e�ciency was measured using the
Wheeler cap method [19–21] at di�erent operating resonant
frequencies as shown in Figure 8. Results indicate that the
larger end launcher connector comes on the expense of the
radiation e�ciency, which is reduced by 20% at the di�erent
operating frequencies. �e radiation e�ciency is almost 60%
over the operating bands.

4. Conclusion

A new quasi-Yagi shaped antenna with multiband, circularly
polarized, low pro	le, and low cost is presented.�is antenna
is particularly useful for satellite communications applica-
tions and short range wireless communications applications
(WLAN/WPAN). �e proposed antenna operates at three
di�erent bands 13.5 GHz, 30GHz, and 60GHz with 5%, 10%,
and 30% impedance bandwidth, respectively. �e re�ection
coe�cient is better than −10 dB in the three bands and
good agreement between measured and simulated gain and
radiation pattern results were obtained. �e front to back
ratio is 6 dB with average gain of about 4 dBi and the average
antenna radiation e�ciency is about 60% over the antenna
operating band. �e 3 dB axial ratio is achieved at the three
selected bands.
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