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Abstract. In this study, a broadband planar quasi Yagi 
antenna operated at ultra-high frequency (UHF) band is 
presented. The performance of the antenna is particularly 
improved for two popular UHF frequencies of 433 and 
868 MHz used in several wireless communication applica-
tions such as Long Range (LoRa), Internet of Things (IoT), 
Machine-to-Machine (M2M), Wireless Meter bus (M-bus), 
and Radio Frequency Identification (RFID). The proposed 
antenna includes a printed feed dipole with a ground re-
flector and two parasitic (director) elements on a substrate 
to keep total dimensions of the antenna within compact 
size. The parasitic elements are very thick and closely 
spaced to feed dipole. Significant increase in the band-
width is obtained with the improved effects due to usage of 
tapered feed line and tapered reflector. The antenna’s  
10-dB return loss bandwidth is measured more than 70% 
between 428 MHz and 896 MHz. The antenna offers mod-
erate peak gain values of 5.5 dBi and 5 dBi; and front-to-
back ratio (F/B) values of 12 dB and 14 dB at lower and 
higher parts of UHF band around 433 and 868 MHz, re-
spectively. The peak gain and F/B ratio values are found to 
be minimum 4 dBi and 8.5 dB within the operating band-
width, respectively. 
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1. Introduction 
In wireless communication, the antennas can be clas-

sified as mobile station (MS) and fixed/base station 
(FS/BS) antennas according to their motional characteris-
tics. MS antennas should be used when both transmitter 
(TX) and receiver (RX) antennas are not stationary. They 
should have almost omnidirectional pattern characteristics 
in order to get the fields from the other antennas at any 

random angle, which results in low gain and compact 
structure. On the other hand, when at least one of TX or 
RX antenna is stationary, FS antennas with higher gain 
values can be used to increase the range of the communi-
cation between TX and RX antennas. FS/BS antennas are 
generally multi-band or wideband antennas having direc-
tional pattern and relatively larger size [1], [2]. 

IEEE UHF band is generally defined within the fre-
quency band between 300 and 1000 MHz. Earlier, this 
band was so popular especially for UHF TV applications. 
Currently, it contains two Industrial, Scientific and Medical 
(ISM) band frequencies of 433 and 868 MHz as defined by 
the International Telecommunications Union (ITU) for 
Europe [3], [4]. Many well-known wireless applications 
such as LoRa, IoT, M2M, Wireless M-bus, and RFID 
operate at the frequencies [5–9]. Besides, IEEE UHF band 
contains two ITU Radar bands, which are around 433 MHz 
(420–450 MHz) and 915 MHz (890–942 MHz) at which 
long range radar applications such as early warning are 
performed [10], [11]. 

Log-periodic antennas (LPAs) are known to give flat 
gain characteristics over broadband. Metallic-tube type 
LPAs are used especially in UHF TV band; however, they 
have significantly large dimensions especially along lon-
gitudinal direction to provide about 10 dB gain within 
a broadband frequency range. Smaller LPAs in UHF band 
with moderate gain values of 4–5 dBi can be achieved by 
using printed (planar) structure [12]. Yagi-Uda antennas 
can be considered as an alternative to LPAs. For the com-
parison, when Yagi-Uda and LPA with similar antenna 
dimensions are in consideration, Yagi-Uda antenna has 
similar wideband characteristics as LPA. Its gain variation 
performance over the broadband is slightly lower than that 
of LPA since Yagi antennas provide higher gain values and 
better return loss performances at certain (resonant) fre-
quency/frequencies, while the performances of other fre-
quencies within the band are still adequate. Traditional 
Yagi-Uda (or Yagi) antennas are composed of linear wire 
dipoles. Only one of these dipoles is excited (driven), and 
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the dipoles placed in main lobe direction, which are 
slightly smaller than the excited dipole, are called as di-
rectors. There is also one dipole placed in back lobe direc-
tion, which is slightly larger than the excited dipole and 
called as a reflector. This dipole is especially effective in 
the suppression of back lobe radiation. On the other hand, 
microstrip Yagi antennas are generally planar and imple-
mented on printed (microstrip) structures in order to get 
compact antennas and provide easy integration with other 
microstrip components. The elements of these antennas are 
striplines instead of linear wire dipoles as in traditional 
Yagi antennas. In most of the microstrip Yagi antennas, 
microstrip ground plane is used as reflector element instead 
of a reflector dipole or stripline to further minimize an-
tenna dimensions [13]. For this reason, this element is 
usually called as a ground reflector rather than just a re-
flector. It is also excited with SMA connector in addition to 
driven element. Due to this difference in the configuration 
of reflecting element with classical Yagi antenna, the an-
tennas using ground reflector (plane) are called as “quasi”-
Yagi antenna. In wideband quasi-Yagi antennas, one or 
two director (parasitic) elements are generally used since 
while the usage of high number of directors increases the 
gain values at desired frequencies, it reduces frequency 
bandwidth and increases overall size of the antenna. Since 
the coupling mechanism between the excited and director 
elements are also achieved with surface waves in the sub-
strate, the separation between these elements can be 
smaller to provide enough coupling. Therefore, the antenna 
can be also made compact in size along director elements’ 
direction. The thickness of these director elements is usu-
ally selected almost same as driven element’s thickness 
[13–15]. In order to minimize asymmetry in the currents on 
arms of driven (main) microstrip dipoles and to increase 
the bandwidth, microstrip-to-coplanar strip line or mi-
crostrip-to-strip line transitions are usually used as balun 
feed [13], [14]. However, these structures either need to be 
specially designed whose results are prone to manufactur-
ing errors or make the overall dimension of the antenna 
increase.  

In this study, although the main is to design and im-
plement a printed (planar) quasi Yagi antenna to be used as 
a FS antenna in UHF band as wide as possible, it is also 
specially focused on two popular ISM frequencies of 433 
and 868 MHz operated in LoRa, IoT, M2M, Wireless M-
bus, and RFID. In addition to these focused frequencies, it 
is also aimed to obtain sufficient performances over full 
UHF band in order to make the antenna suitable for other 
possible broadband UHF applications. The structure in the 
proposed antenna has a main microstrip dipole operating at 
approximately 433 MHz. As described in preceding para-
graph, a ground reflector is used in the quasi-Yagi struc-
ture. However, this reflector is designed to have triangular 
tapered geometry in order to increase the area of the 
ground plane by keeping the distance between the main 
dipole and the reflector constant. This geometry is ob-
served to improve F/B performance at the frequencies 
around 433 MHz. Two director (parasitic) elements are 

used; however, as being one of main differences with other 
studies, these elements are selected to be quite thick and 
closely spaced to each other. This selection greatly im-
proves the overall frequency bandwidth and gain values at 
frequencies around 868 MHz. As the feed of the main 
dipole, a traditional linearly tapered microstrip line-to-par-
allel stripline balun is used, which extends from the ground 
reflector to the main dipole. Therefore, the proposed an-
tenna needs no complex balun design.  

There are studies implementing planar Yagi antennas 
in the literature; however, broadband studies cover differ-
ent frequency band higher than UHF band [14–19], while 
the ones operated at UHF band are mainly represented for 
single (narrow) band applications [20], [21]. Wideband 
studies at other frequency bands either have narrower 
bandwidth in percentage [14–16] or are larger in size  
[17–19] as compared to the proposed antenna in this study. 
The proposed antenna has a broad bandwidth of more than 
70% (428–896 MHz), and provides the dimensions of 
0.428λ0 × 0.325λ0 where λ0 is the free-space wavelength of 
the lowest frequency in the band. Thus, it can be intro-
duced as the first quasi Yagi antenna covering great portion 
of UHF band having relatively compact structure. It has 
also improved performance at two popular ISM frequen-
cies of 433 and 868 MHz by giving higher than 5 dBi gain 
and better than 12 dB F/B ratio values.  

2. The Geometry and Design Analysis 
of the Proposed Quasi Yagi Antenna 
The proposed antenna shown in Fig. 1 is designed to 

give dual resonance frequencies at around 433 MHz and 
868 MHz, and to provide wide bandwidth within UHF 
band between 400 and 900 MHz as possible. Here, in order 
to make the antenna as compact as possible and perform 
easy manufacturing, the design is implemented on A4 
panel size (approximately 304.8 mm × 228.6 mm or 
12 inches × 9 inches) of Rogers 4003C dielectric substrate. 
This low-loss substrate is selected to have the thickness of 
h = 1.52 mm, relative permittivity of εr = 3.55 and loss 
tangent of tan δ = 0.0027. 

In the design, it is aimed to acquire lower resonance 
frequency around 433 MHz with the main dipole, and the 
upper resonance frequency of UHF ISM band (around 
868 MHz) is obtained with closely spaced thick parasitic 
elements, which also serve as directors for lower resonance 
frequency performing an increase in the gain at that fre-
quency. The tapered reflector in the structure acts as 
a ground plane for the main dipole and parasitic elements 
to increase the gain in the main lobe direction (+y direction 
in Fig. 1a) and suppress the propagation in the back lobe  
(–y direction in Fig. 1a). For this purpose, the horizontal 
length of the main dipole should be less than the width of 
the reflector dipole. As shown from Fig. 1b, one arm of the 
main dipole has the dimension of L2, which gives the total 
horizontal length of the dipole as almost (2 × L2).  However, 
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(a) 

 
(b) 

Fig. 1. The structural view for the designed planar quasi Yagi 
antenna in this study: (a) front view, (b) back view. 

when a half wavelength dipole is considered and even the 
entire width of A4 panel size is used, this dimension 
corresponds to almost 500 MHz in free space, which is 
quite far away from the desired ISM frequency of 
433 MHz. However, loading effect of dielectric material 
makes the main dipole being keeping inside the substrate 
dimensions. 

The values of the parameters in Fig. 1 are obtained 
after a thorough optimization process carried out with the 
electromagnetic software program of CST Microwave 
Studio. The final dimensions for all parameters of the an-
tenna depicted in Fig. 1 are summarized in Tab. 1. In the 
design, acceptable return loss, gain and F/B ratio perfor-
mances are aimed. For the performance of return loss, S11 
 

Parameter Dimension [mm] Parameter Dimension [mm] 
d1 6 t6 14 
s1 0.5 w1 107 
s2 0.5 w2 130 
s3 4 w3 25 
t1 42 L 228 
t2 42 L1 132 
t3 4.2 L2 146 
t4 8 W 300 
t5 4   

Tab. 1. The optimized dimension values of the proposed quasi 
Yagi antenna. 

 

(a) (b) 

(c) (d) 

Fig. 2. The design steps (progress) of the proposed antenna: 
(a) Antenna 1, (b) Antenna 2, (c) Antenna 3, and 
(d) Antenna 4 (proposed structure). All views belong 
to the front side while back sides of all antennas are 
same with Fig. 1b. 

(or reflection coefficient) values at 433 MHz/868 MHz and 
within a wideband at UHF band are targeted to be –10 dB 
at most, which corresponds to minimum 10 dB return loss. 

The design process and procedure of the proposed 
antenna can be explained with a four-step progress in the 
antenna structure as demonstrated in Fig. 2. Here, while the 
front sides of the antennas are modified according to de-
sign step order, back side of all antennas are exactly same 
with proposed antenna in Fig. 1b. 

For the configuration of antenna 1 in Fig. 2a, the an-
tenna can be said to be fed with a classical microstrip line. 
The patch at the bottom of Fig. 1a with the dimensions of 
w3 × s3 is the ground plane for the feeding line at back 
view in Fig. 1b with a width of t3 = 4.2 mm. This width is 
calculated to give around Z0 = 50 Ω characteristic imped-
ance along vertical feed line up to main dipole. The ground 
plane dimensions are optimized to be used as a feeding 
point patch, which is a known technique for bandwidth 
enhancement [22], [23]. While the feeding line at the back 
side of the antenna has constant width of t3 = 4.2 mm 
along vertical direction (along +y axis in Fig. 1b), the 
width of the feeding line at the front side has triangular 
tapering that values are decreased from t4 to t3 = 4.2 mm 
along longitudinal axis. It is found from the simulations 
that the triangular tapering, which works as a microstrip 
balun to feed the main dipole, is found to maintain wider 
bandwidth than the straight feeding lines on the both sides 
of the antenna (for the case where t3 = t4) as demonstrated 
in simulation results in the following section. From the 
parametric studies carried out, it is also obtained that the 
increase in t4 value provides wider return loss bandwidth 
up to a certain value of t4, and the bandwidth performance 
decreases when this value is exceeded. Therefore, the 
dimension of  t4  should be optimized to acquire the widest 
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Fig. 3. (a) The simulated S11 values and (b) realized peak gain 
values for the antennas in Fig. 2. 

bandwidth as possible. The corresponding S11 and peak 
gain values for antenna 1 are given in Fig. 3 along with the 
results of other antennas in Fig. 2. 

Since antenna 1 is a traditional resonant microstrip 
dipole, there is only one resonance occurred at about 
433 MHz in Fig. 3a. The peak gain of the antenna is almost 
2 dBi at 433 MHz, which is close to standard gain value of 
λ/2 dipole, which is 2.15 dBi. By considering the total 
length of a thin dipole as 2 × L2 = 292 mm, which is ap-
proximately equal to 0.48λ = 0.48λ0 /√εr,eff at 433 MHz 
[24], dielectric loading effect of the substrate provides an 
effective relative permittivity of εr,eff  1.3, which reduces 
length of dipole by a factor of about 1.14 as compared to 
free-space length. 

In the next step of the design process, a ground re-
flector is added as shown in Fig. 2b in order to increase the 
peak gain and F/B ratio at 433 MHz where the latter is 
almost 0 dB for antenna 1. The distance between the re-
flector and the main dipole, which can be calculated as 
L1 – (d1 + s3 + t5) in Fig. 1, is generally given as quarter 
wavelength in optimal [12]. The selection of the value of 
this parameter is very critical in the design. If this distance 
is selected too short as being close to quarter wavelength 
(λ/4) at 868 MHz; although gain in the front direction and 
suppression in the back direction (or equivalently front-to-
back F/B ratio) are improved at 868 MHz, the suppression 
and F/B ratio values are severely degraded at 433 MHz. 

This is due to the reason that since the reflector acting as 
a ground plane is electrically smaller at the lower fre-
quency as compared to upper frequencies; the ground plane 
effect employing suppression at back lobe is poorer at 
433 MHz. The performance of F/B ratio at 433 MHz can 
be only compensated with larger distance value between 
reflector and driven (main) dipole as being almost λ/4 at 
433 MHz. On the other hand, if the distance is selected as 
approximately λ/4 at 433 MHz, the length of overall an-
tenna can again exceed the dimensions of A4 panel size. 
Besides, the distance between parasitic elements and re-
flector becomes almost λ/2 at the upper desired frequency 
of 868 MHz. Therefore, the reflector along with parasitic 
elements makes low radiation especially in the main lobe 
direction (+y direction) resulting in low gain performance 
at 868 MHz. Due to these reasons, the distance between the 
center points of the main dipole and the reflector is selected 
to be equal to approximately λ/4 at the center frequency 
(mean of lower and upper UHF ISM frequencies) of 
650 MHz. 

The reflector dipole described in the previous para-
graph and placed at the bottom part in Fig. 1a extends over 
almost entire width (W) of the A4 panel size of substrate to 
make the ground plane for the main dipole and parasitic 
elements as electrically large as possible. This results in 
W = 300 mm width for the reflector, which corresponds to 
λ/2 electrical length at 500 MHz. The thickness of the re-
flector, t5, should be also large to provide sufficient ground 
plane characteristics as explained before. If the thickness 
value of t5 is selected too thick by employing an extension 
along +y direction in Fig. 1a, it is found from the paramet-
ric studies in the simulations that thicker reflector values 
degrade the bandwidth performance of the antenna since 
the distance between center points of the main dipole and 
the reflector is lowered. On the other hand, when the thick-
ness is increased along –y direction in Fig. 1, although it 
performs a slight effect on bandwidth, it causes a signifi-
cant extension in the total height of the antenna (L value in 
Fig. 1b) such that overall antenna may not fit to A4 panel 
size when the parasitic elements are considered. Thin t5 
values might be good for better return loss in wider band-
width; however, it significantly gives low F/B ratio values 
at around 433 MHz due to problem of electrically small 
ground plane at these frequencies. Therefore, the thickness 
of the reflector has an optimized value. However, even for 
the optimized value of t5 giving sufficiently wide return 
loss bandwidth, F/B ratio values are found to be not better 
than 6 dB at around 433 MHz when straight reflector di-
pole is used (for the case where t5 = t6 in Fig. 1a). F/B 
values on the order of these levels are not desired in practi-
cal applications that minimum F/B value of 10 dB is usu-
ally used. Therefore, as being one of the main novelties in 
the antenna design, the geometry of the reflector dipole is 
modified to triangular tapering (as like triangularly tapered 
geometry of feed line), which is shown in Fig. 1a. The idea 
behind this geometry is to keep the distance between the 
center points of main dipole and reflector constant and to 
increase the electrical size of the reflector with triangular 
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tapering as possible. For the values of t5 < t6, while the 
forward gain along main lobe is slightly lowered with re-
spect to the straight-line case (t5 = t6), the back lobe is 
considerably suppressed. Larger values of t6 make more 
effective suppression at the back lobe due to providing 
larger electrical size of reflector (ground plane). However, 
in the design, in order not to make gain drop in main lobe 
too much, the value of t6 is increased until F/B ratio of 
more than 10 dB around 433 MHz is observed. The S11 and 
peak gain values for antenna 2 is given in Fig. 3 such that 
the peak gain is increased more than 3 dBi at 433 MHz as 
the consequence of increase in F/B ratio at that frequency. 
The lower resonance frequency is preserved around 
433 MHz with a small shift towards left (425 MHz), and 
a weak resonance begins to be observed about 800 MHz at 
which noticeable increase in the peak gain value from 
antenna 1 to antenna 2 can be remarked. 

In the next steps of the antenna design, two thick and 
closely spaced directors as given in Fig. 2a and Fig. 2b are 
used to achieve the resonance frequency at upper UHF 
ISM band around 868 MHz. These parasitic elements in-
crease gain performances especially at around desired ISM 
frequencies of 433 and 868 MHz by acting as directors to 
former frequency and as main radiators for latter fre-
quency. It is expected that since the main dipole excited at 
around 433 MHz is directly fed by a microstrip line, and 
radiators at 868 MHz are excited with coupling mecha-
nism, the antenna provides relatively higher gain at lower 
ISM frequency of 433 MHz within UHF band. 

In the traditional Yagi antennas, quite thinner direc-
tors are usually used with much higher spacing values. 
However, as being the other novelty of the proposed an-
tenna, it is parametrically found from the simulation results 
that thicker and closer director elements present better 
return loss performance especially at the mid-band. There-
fore, the thickness of the directors (t1 and t2) are selected 
as thick as possible, and the spacing values between direc-
tors (s1) and the distance between the adjacent director and 
the main dipole (s2) are selected as small as possible. Be-
sides, the width values of the directors, w1 and w2, are 
found to be very effective on the value of the second (up-
per) resonance frequency. Although the resonant length is 
almost 0.48λ for thin microstrip dipole as the main dipole 
in the structure, the resonant length of directors drops to 
about 0.45λ since these directors are thick microstrip di-
poles [24]. Besides, dielectric loading effect of directors is 
greater than that of the main dipole due to directors’ larger 
thickness. By considering length of the first director as 
w1 = 130 mm, which is equal to 0.45λ = 0.45λ0 /√εr,eff at 
upper resonance of 800 MHz, dielectric loading effect for 
the first director gives εr,eff  1.7, which is greater than that 
of the main dipole as expected. The second director with 
w2 = 107 mm has almost 80% of the first director in 
length. Therefore, the first director with its resonant length 
at 800 MHz actually behaves as the main radiator at around 
800 MHz, and the second director behaves as the only 
director of this main radiator, which improves resonance of 
upper frequency at 800 MHz. 

When S11 and peak gain values of antenna 3 and an-
tenna 4 (the proposed antenna) are examined at Fig. 3, the 
parasitic elements add a much stronger upper resonance at 
about 800 MHz than antenna 2. For antenna 3 with one 
director, the peak gain values up to 800 MHz are substan-
tially improved. However, gain values after 800 MHz are 
still not sufficient. Besides, antenna 3 can be concluded to 
have two narrow bands around 460 MHz and 800 MHz 
rather than a broadband antenna for impedance bandwidth 
of |S11 (dB)| < –10 dB. The addition of the second director 
in antenna 4 (the proposed antenna), makes the improve-
ment in peak gain values at around 868 MHz, and reduces 
S11 values below –10 dB in the mid-band.  

2.1 The Effect of Tapered Parts on the 
Performance of the Antenna 

In order to examine the effect of triangular tapering of 
the feed line especially on the performance of antenna’s 
return loss (return loss bandwidth), the reflection coeffi-
cients of the designed antenna with the parametric values 
given in Tab. 1 are shown in Fig. 4 along with the antenna 
having straight (non-tapered) feed line. 

According to the results given in Fig. 4, it can be ob-
served that the tapered feed line provides significant im-
provement in return loss bandwidth as compared to straight 
feed line. The S11 values exceed even –8.5 dB for the 
straight feed line case such that when 10-dB return loss 
bandwidth is considered, the antenna with straight feed line 
can be evaluated as dual band rather than wideband. Be-
sides, the return loss values at the critical frequencies of 
433 MHz and 868 MHz focused in this study are found to 
be lower than 10 dB for straight feed line where they are 
about 11.5 dB and 10 dB in the case of tapered feed line, 
respectively. The antenna with tapered feed line, which is 
the proposed structure, has quite wide 10-dB return loss 
band between 428 MHz and 868 MHz. As compared to 
lower and upper bands, mid-band (between 550 MHz and 
700 MHz) has relatively poorer S11 values; however, they 
are still sufficient as being smaller than –10 dB. 

In order to enhance the performances at 433 MHz and 
868 MHz, the return losses at these frequencies can be 
improved by varying the dimensions of the main dipole 
and parasitic elements, which can shift down dip frequency 
of 460 MHz and increase the dip frequency of 800 MHz in 
Fig. 2. However, as these dip frequencies move towards 
433 MHz and 868 MHz, the reflection coefficient values in 
the mid-band become worse (higher than –10 dB). Simi-
larly, the S11 performance of mid-band can be also im-
proved by shifting up the dip frequency of 460 MHz and 
shifting down the dip (resonance) frequency of 800 MHz. 
However, this makes a considerable reduction in the band-
width such that S11 values at 433 MHz and 868 MHz be-
come probably worse than –10 dB. The performances at 
433 MHz, 868 MHz and mid-band can be simultaneously 
improved by adding a third closely spaced parasitic 
element  and re-optimizing  all antenna dimensions to give 
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Fig. 4. The simulated S11 values of the designed antenna with straight and tapered feed lines. 

 

 
(a) 

 
(b) 

Fig. 5. (a) H-plane simulated gain radiation patterns at 
433 MHz for straight and tapered reflectors.  
(b) Simulated peak gain values for straight and tapered 
reflectors. 

resonances at lower, mid and upper bands such as 
433 MHz, 650 MHz and 868 MHz, respectively. However, 
the addition of the third parasitic element makes the in-
crease in the overall dimensions of antenna. Therefore, all 
dimensions of antenna in the proposed structure are opti-
mized to give S11 values below –10 dB at 433/868 MHz 
and at frequencies between 433 MHz and 868 MHz in 
a compact way. 

In order to verify the effectiveness of the tapered re-
flector structure in the suppression of back lobe especially 
at 433 MHz, the simulated radiation patterns at 433 MHz 
for both straight and tapered reflector structures are de-
picted in Fig. 5a. Here, the gain patterns for H-plane, 
which is at ϕ = 90° or yz plane in Fig. 1, are demonstrated. 
In Fig. 5a, the angle of θ = 90°, which corresponds to +y 
direction in Fig. 1, shows main lobe direction while 
θ = 270° (or –y direction in Fig. 1) is along back lobe. 
Figure 5a presents that while the tapered reflector has al-
most no effect on the main lobe (consequently forward 
gain) at 433 MHz, it efficiently suppresses back lobe by 
giving F/B ratio values of about 13.5 dB and 6.2 dB for the 
tapered and straight reflector structures, respectively. The 
simulated gain values for straight and tapered cases are 
also given in Fig. 5b. It can be deduced from the gain val-
ues in Fig. 5b that tapered reflector insignificantly affects 
the radiation patterns (forward gain and F/B ratio values) 
for the frequencies above 500 MHz. This is due to the 
reason that even the straight reflector structure can procure 
sufficient ground plane effect in electrical size for the up-
per frequencies. The tapered reflector introduces a gain 
drop especially at the lower frequencies around 433 MHz 
as expected. The gain drop is about 0.2 dB at 433 MHz 
where it can increase up to 0.8 dB for the frequency region 
between 450 MHz and 500 MHz. However, it is again 
acquired from simulation results that the tapered reflector 
structure causes F/B ratio values being more than 10 dB at 
this frequency region where F/B values are below 10 dB 
for the case with straight reflector. 
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2.2 Analysis for Radiation Mechanism 

In order to understand the radiation mechanism of the 
proposed antenna at lower and upper frequency bands, the 
surface current distributions at certain critical frequencies 
are obtained with simulations carried out in CST Micro-
wave Studio. These frequencies are selected as two UHF 
ISM frequencies of 433 MHz and 868 MHz, and two dip 
(resonance) frequencies of 460 MHz and 800 MHz by 
considering S11 response of the antenna given in Fig. 4. 
The simulated surface current distributions for these fre-
quencies are depicted in Fig. 6.  

When the surface current distributions in Fig. 6a and 
Fig. 6b are examined, it can be stated that the radiation 
mechanism at lower band of the antenna (433 MHz and 
460 MHz) is mainly contributed from the main dipole and 
the ground reflector. A significant surface current on the 
ground reflector plays an important role in the increase of 
main lobe radiation and in reduction of back lobe radiation. 
From the surface current values at directors, parasitic ele-
ments have very low effect on the radiation mechanism of 
the antenna at lower part of operating frequency band. 

From the surface current distributions given at Fig. 6c 
and Fig. 6d, it can be observed that radiation mechanism is 
mainly due to the coupling between the main dipole and 
the directors such that the ground reflector has almost no 
contribution. At 800 MHz, significant wave couplings exist 
both between the main dipole and the first director, and 
between the first and second directors. This fact also ex-
plains gradual increase in the peak gain values in Fig. 3b 
from antenna 2 to antenna 4 (the proposed structure). On 
the other hand, coupling from the first parasitic element to 
the second element is stronger at 868 MHz as compared  
to coupling between the main dipole and the first parasitic at 

 
(a) (b) 

 
(c) (d) 

Fig. 6. The simulated surface current distributions of the 
proposed antenna for (a) 433 MHz, (b) 460 MHz,  
(c) 800 MHz, and (d) 868 MHz. 

the same frequency. Therefore, the addition of the second 
director is more crucial for the performances of peak gain 
and main lobe radiation at 868 MHz rather than 800 MHz. 
This is also consistent with the improvement of the peak 
gain in Fig. 3b from antenna 3 to antenna 4 at 868 MHz, 
which is much greater than the gain increase for 800 MHz.  

3. Manufacturing and Measurement 
Results 
After the gathering of the simulation results of the 

proposed antenna, the antenna is manufactured as shown in 
Fig. 7 to verify the design. Here, while the front side in 
Fig. 7a includes the feeding point patch, triangular tapered 
reflector, triangular tapered feed line, main (driven) dipole 
arm and parasitic elements (directors); the back side in 
Fig. 7b contains just the main dipole arm and the straight 
feeding line. The antenna has total dimensions of 300 mm 
by 228 mm. 

After the manufacturing of the proposed antenna, the 
performances  of the  antenna  are measured  and compared 

 
(a) 

 
(b) 

Fig. 7. The manufactured compact, planar quasi-Yagi 
antenna: (a) front view, (b) back view. 
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with the simulation results. For this purpose, initially, the 
reflection coefficient (S11) values are measured with An-
ritsu MS2028C Vector Network Analyzer where the corre-
sponding measurement values are shown in Fig. 8a along 
with the simulated S11 values. From the reflection coeffi-
cients in Fig. 8a, the frequency bandwidth of the proposed 
antenna for 10-dB return loss is measured sufficiently wide 
between 428 MHz and 896 MHz, which equals to more 
than 70% frequency bandwidth where the return loss val-
ues are 11.7 dB and 12.6 dB at 433 MHz and 868 MHz, 
respectively. 

The measurement results are also evaluated to be in 
good agreement with simulated ones. Although the dip 
(resonance) frequency at the lower band is almost same for 
simulation and measurement, there is a slight deviation 
(about 2%) in the resonance frequency of about 800 MHz 
at the upper band, which is probably due to production 
error and variation in the material parameters of the sub-
strate. As given in Sec. 2.2, the parts of the antenna 
providing radiation mechanism at the lower band are the 
main (excited) dipole and the ground reflector, which have 
relatively larger dimensions. Thus, even for a production 
error of about 0.05 mm in the dimensions of these parts, no 
significant shift in the lower resonance is expected. On the 
other hand, since the radiation mechanism at the upper 
band mainly depends on the strong coupling between the 
main (excited) dipole and parasitic elements, a production 
error of 0.05 mm especially for gap distances between the 
main dipole and parasitic elements (0.5 mm) can make 
a slight shift at the upper resonance around 800 MHz. 
Another minor reason for this deviation might be the dif-
ference in the values of the material parameters (relative 
permittivity and loss tangent) of Rogers 4003C substrate 
used in the simulation and manufacturing. Since coupling 
between the main dipole and parasitic elements is partly 
achieved with coupled fields directly passing through sub-
strate and surface waves, material parameters of the sub-
strate can also affect the upper resonance frequency 
slightly. 

For gain and radiation pattern performances of the 
antenna, the measurements are carried out by using a refer-
ence antenna, Keysight N9912A Fieldfox RF Analyzer, 
and a radiation pattern setup (Dreamcatcher) available in 
Antenna and Microwave Laboratory of Yasar University. 
The simulated and measured gain values are given in 
Fig. 8b. The measured gain values are found slightly higher 
than simulated gains especially at frequency regions 
around 600 MHz and 868 MHz due to better return loss 
performances at these frequency regions. From the meas-
ured gain values, the antenna is said to have more than 
4 dBi gain over the entire band of 428 MHz–896 MHz. 
Besides, it provides minimum 4.5 dBi gain at the frequency 
bands of 428 MHz–500 MHz and 800 MHz–900 MHz 
where the gain values are 5.6 dBi and 5 dBi at 433 MHz 
and 868 MHz, respectively. Regarding to gain performance 
of the antenna, the total radiation efficiency of the pro-
posed antenna is found at least 90% throughout the whole 
band (between 433 MHz and 900 MHz), which is computed 

 
(a) 

 
(b) 

Fig. 8. (a) The simulated and measured S11 values of the 
proposed antenna; (b) the simulated and measured 
realized peak gain values of the proposed antenna. 

from dividing measured realized gain values in Fig. 8b by 
directivity values obtained from simulations. 

Finally, the radiation performance of the mentioned 
antenna is examined. For this purpose, the simulated and 
measured radiation patterns only for two focused frequen-
cies of 433 MHz and 868 MHz are given in Fig. 9 for sim-
plicity. 

Here, E-plane and H-plane belong to xy plane (θ = 
90° plane) and yz plane (ϕ = 90° plane) in Fig. 1, respec-
tively. It can be observed from these figures at which sim-
ulation and measured results are similar to each other that 
broadside propagation for the given frequencies is along 
almost 90°, which corresponds to +y axis in Fig. 1. There-
fore, the antenna can be stated to have directional charac-
teristics, which is suitable for the applications with station-
ary stations. 

When F/B ratio performance of the antenna is con-
sidered, these values are measured as approximately 12 dB  
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(a)                                                        (b) 

  
(c)                                                        (d) 

Fig. 9. The measured and simulated realized gain patterns of 
the antenna for (a) E-plane (θ = 90° plane at Fig. 1) at 
433 MHz; (b) H-plane (ϕ = 90° plane at Fig. 1) at 
433 MHz; (c) E-plane at 868 MHz, (d) for H-plane at 
868 MHz. 

and 14 dB for the stated ISM frequencies of 433 MHz and 
868 MHz, respectively. For the other frequencies within 
the entire band, F/B ratio values of higher than 10 dB are 
obtained at the frequency bands of 428 MHz–500 MHz 
and 800 MHz–915 MHz. The minimum F/B ratio value 
within the whole band (428 MHz–900 MHz) is found to be 
almost 8.5 dB. 

By considering all the measurement results described 
in the previous paragraphs, the designed antenna employs 
more than 10 dB return loss, 4 dBi gain and 8.5 dB F/B 
ratio values over the wideband of 428 MHz–896 MHz. 
Moreover, it has superior performances at around two UHF 
ISM frequencies of 433 MHz and 868 MHz such that it is 
achieved 10 dB return loss, 4.5 dBi gain and 10 dB F/B 
ratio values at least for the frequency 428 MHz–500 MHz 
and 800 MHz–900 MHz. These satisfactory performances 
are obtained with a compact size antenna that the overall 

dimensions of antenna (300 mm by 228 mm) correspond to 
electrical size of almost 0.428λ0 × 0.325λ0 where λ0 is taken 
as the free-space wavelength of the lowest frequency in the 
band, which is equal to 428 MHz. 

4. Discussion 
As stated in Sec. 1, although there are many studies in 

the literature about planar Yagi antennas for different 
wireless communication applications, the antennas oper-
ated at UHF band (or at UHF ISM frequencies of 433 MHz 
and/or 868 MHz) are observed to be quite narrowband. 
Therefore, in this section of this study, the antennas having 
relatively wider bandwidth and operating at different fre-
quency bands rather than UHF are considered for the com-
parison. Here, the values of frequency bandwidth in per-
centage for 10-dB return loss and electrical size for the 
lowest frequency in the band are compared for the similar 
antennas in the literature and the antenna in this study in 
order to perform the advantages of the proposed antenna in 
terms of wide percentage bandwidth and compact electrical 
size. The mentioned comparison is provided in Tab. 2 
where λ0 corresponds to the free-space wavelength of the 
lowest frequency in the frequency band of the antenna. 
From the results given in the comparison in Tab. 2, the 
antennas [15] and [19] can be classified as dual-band an-
tennas rather than broadband antennas. Although the stud-
ies of [15], [16] and [19] can provide more compact an-
tenna structures, the designed antenna in this study has 
broader frequency bandwidth as compared to frequency 
band of the study in [16] and any of two frequency bands 
considered in the studies of [15] and [19]. In Tab. 2, the 
antennas in [17] and [18] possess about 7.5% and 15% 
wider frequency band than the proposed antenna, respec-
tively. However, the antenna in this study is more compact 
than these antennas in terms of total electrical size such 
that the antennas in [17] and [18] occupy more than 23% 
and 27% larger antenna size as compared to the proposed 
antenna, respectively.  

Among all antennas in Tab. 2, the antenna in [16] has 
most similarity in geometry with the proposed structure. 
However, the lack of balun structure in [16] makes the 
integration of the antenna with other planar (microstrip) 
circuits difficult. Besides, folded main dipole and folded 
reflector used in [16] for the antenna miniaturization makes 

 
 

The Antenna in 
the Study 

Frequency Band for 10 dB 
Return Loss [GHz]  

Bandwidth for 10 dB 
Return Loss [%] 

Dimensions  
(width × length) [mm × mm] 

Electrical size  
(width × length) [λ0 × λ0] 

[14] 4.64–7.42 46.1 50 × 60 0.773 × 0.928 

[15] 
0.209–0.246 
0.392-0.604 

16.3 
42.6 

622 × 304 0.433 × 0.212 

[16] 2.36–4.74 67 35 × 36 0.275 × 0.283 
[17] 4.6–10.5 78.1 30 × 24.24 0.460 × 0.372 
[18] 1.84–4.59 85.5 50 × 94 0.307 × 0.577 

[19] 
3–4.8 

6.1–10.5 
46.1 
53.0 

35 × 34 0.350 × 0.340 

This study 0.428–0.896 70.7 300 × 228.6 0.428 × 0.325 

Tab. 2. The comparison of the performances of the antennas in this study and other similar studies. 
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a gain reduction especially in the mid-band as compared to 
the proposed antenna, which has almost 1 dBi better mini-
mum peak gain within the stated frequency bands. The 
usage of reflector element in [16], where ground reflector 
is used in the proposed antenna, results in performance 
degradation in F/B ratio at lower band around 2.4 GHz. By 
considering above results, the antenna structure given in 
this study can be determined as the optimum design among 
all antennas considered in Tab. 2 in terms of the widest 
frequency bandwidth and the smallest antenna size. 

5. Conclusions 
In this work, a broadband planar quasi-Yagi antenna 

is presented. The proposed antenna has one tapered reflec-
tor and two closely spaced directors, and it is fed by a tri-
angular tapered printed line with a feeding point patch to 
improve the bandwidth. The antenna has more than 70% 
bandwidth at 428 MHz–896 MHz that corresponds to al-
most entire band of UHF in addition to better performances 
at ISM frequencies of 433 and 868 MHz used in LoRa, 
IoT, M2M, Wireless M-bus, and RFID. The antenna is 
relatively compact with the size of 0.428λ0 × 0.325λ0. It has 
5.5 dBi and 5 dBi measured realized peak gain values at 
433 and 868 MHz, and gives more than 10 dB F/B ratio 
where these values are minimum 4 dBi and 8.5 dB over the 
entire frequency band. As a result, the proposed antenna 
can be a good candidate for wideband applications in UHF 
band or dual-band wireless communication applications, 
performed at UHF ISM bands of 433/868 MHz with the 
enhanced performance at these frequencies. 
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