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Abstract- In this paper, a compact planar directive antenna is presented for WLAN applications. The planar directive 
antenna is Yagi-Uda which is designed to operate at 5 GHz frequency band and has compact size of 24 mm x 30 mm. An 
integrated balun in the form of microstrip-to-coplanar strips (CPS) transition is used to feed the proposed printed Yagi-Uda 
antenna. The substrate material used is FR4 of dielectric constant 4.4 and thickness 1.6mm. The proposed antenna design 
presents measured bandwidths of 1.457 GHz for VSWR < 2 and with moderate gain of 5 dBi. 
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I. INTRODUCTION 
 
In wireless application a Planar, thin, light weight 
antennas are preferred. The planar antenna is one of 
the most popular types of antennas for wireless LAN 
applications, because it is easily integrated with other 
passive and active microwave devices. There are 
various types of wireless local area network (WLAN) 
standards, like, Bluetooth, WiFi, WiMAX, High 
Performance LAN (HIPERLAN) etc.  For next 
generation wireless networking, high speed 
broadband systems HIPERLAN, HIPERLAN-2 are 
proposed, which uses frequency band of 5.470 GHz – 
5.725 GHz. A large number of access points (APs) is 
needed inside high buildings, due to the presence of 
shadowing areas, to achieve ubiquitous coverage of 
WLAN systems. An AP is commonly attached on the 
wall or ceiling to provide coverage in a specified 
area. Therefore, the antenna for WLAN AP requires 
insignificant back-radiation. The antennas having 
omni-directional radiation patterns cannot prevent the 
radiated wave from propagating to undesired 
directions. For WLAN APs, directional and end fire 
antennas are promisingly suitable for applications like 
at building premises and many more. Also, in 
wireless environment, signals are scattered from 
various structures and reach the receiving terminal 
from any unpredicted direction. An omnidirectional 
antenna not only receives signal from all directions 
but also receives noise from all directions. A 
directional antenna receives noise only from a 
particular direction, resulting in better 
communication. 
End fire antennas such as the Vivaldi and linearly 
tapered slot antenna (LTSA) are travelling-wave-type 
structures that can achieve broad instantaneous 
bandwidth. However, they usually have larger 
electrical size than resonant-type patches or slots and 
often suffer from the excitation of substrate modes, 
which can result in reduced efficiency, strong  

 
crosstalk between antennas in an array environment, 
and perturbed radiation patterns. 
 
The Yagi–Uda antenna, first published in an English 
language journal in 1928 has been used extensively as 
an end-fire antenna. However, only limited success 
has been achieved at adapting this antenna to 
microwave / millimetre wave operation. Several 
interesting approaches for this are a Microstrip Yagi 
array based on the Microstrip patch antenna [1], a 
coplanar-stripline fed printed Yagi–Uda antenna with 
the reflector element printed on the back of a thick, 
low-permittivity slab at 60 GHz [2] and Yagi-Uda 
antenna with special-shaped reflector [3], which has a 
ground plane with parabolic boundary, a relatively 
high gain but a narrow bandwidth. In this paper, we 
report a new type of planar Yagi–Uda antenna that is 
well suited to microwave and millimetre wave 
frequencies. 
 
The planar Yagi antenna has several advantages over 
more traditional wire antennas radiating in free space. 
The presence of the substrate provides mechanical 
support for the antenna and planar transmission-line 
compatibility. Wire-type antennas in free space are 
extremely fragile at high frequencies and difficult to 
feed. The planar Yagi antenna can be fed by many 
different feeding structures, such as Microstrip line 
[4-6], coplanar waveguide [7], coplanar stripline [8], 
and slotline [9]. 
 
In the proposed paper, compact printed Yagi antenna 
is fed by a simply integrated balun in the form of 
Microstrip-to-coplanar strips (CPS) transition. The 
antenna structure is designed to operate at 5 GHz 
band of WLAN. The proposed antenna is realised on 
FR4 substrate of dielectric constant 4.4 and thickness 
1.6mm.We have achieved good bandwidth for VSWR 
< 2 and moderate gain of 5 dBi. 
 
II. SIMULATED ANTENNA STRUCTURE 
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The printed Yagi Uda antenna with an integrated 
balun was designed on both sides of 24mm x 30mm 
FR4 with a dielectric constant 4.4 and thickness of 
1.6mm as shown in Fig.1. The antenna comprises of 
an integrated balun feeding, two printed dipoles, a 
parasitic strip and a ground plane. The two printed 
dipoles, the larger dipole and the smaller dipole, act 
as a reflector and driver respectively. The parasitic 
strip in the proposed structure is act as a director. 
 
A Yagi-Uda antenna is a parasitic linear array of 
parallel dipoles used to generate end-fire beam 
formation. Yagi-Uda antenna is primarily used to 
achieve end-fire radiation with appropriate amplitude 
and phase conditions (equal amplitude and opposite 
phase) for the closely-spaced driven element, 
reflector, and the directors. To obtain the required 
phase shift an element can be made either inductive 
or capacitive. If the parasitic element is inductive 
then the induced current is in such a phase that it 
reflects the power away from the parasitic element. 
This causes the RF antenna to radiate more power 
away from it. An element that does this is called a 
reflector. This can be done by making reflector longer 
than driver. If the parasitic element is made 
capacitive then the induced current is in such a phase 
that it directs the power radiated by the whole 
antenna in the direction of the parasitic element. An 
element which does this is called a director. This can 
be done by making director shorter than driver or 
main radiating element. 
 
A balun is a device which converts signals from an 
unbalanced circuit structure to a balanced circuit 
structure. The signal of balanced circuit structure 
comprises of two signal components with same 
magnitude but at 180 degree phase difference while 
unbalanced lines has one ground and one conductor. 
In the proposed design, balanced structure is a 
coplanar strip line and unbalanced structure is 
microstrip line. Integrated balun in the proposed 
design serves as a transition between microstrip line 
and coplanar strip-line (CPS) which act as a feeding 
structure as well as used for matching impedances 
between a microstrip line and a coplanar strip-line 
(CPS). 
 
A printed Yagi-Uda antenna has been presented in 
[10] where a broadband Microstrip-to-coplanar strips 
(CPS) transition is employed. The ground plane 
below the transition acts also as the Yagi-Uda 
reflector. Here we construct different Microstrip-to-
CPS transition with a shaped ground for optimization 
of the reflector element. The shaped ground also 
allows reduction of the metallization near the feeding 
point. The entire structure is excited by proximity 
coupling, using an open ended microstrip above a 
rectangular hole in the ground plane. We used a 50Ω 
impedance microstrip line on a back side of substrate 
while the coplanar stripline was designed on the front 

side of the substrate with a characteristic impedance 
of 100Ω. The antenna was simulated using 
CADFEKO software. The design of patch, shaped 
ground plane and feeding mechanism guarantees 
WLAN response of the proposed antenna [11]. 

            

 
 

(a) Top View 

              
(b) Bottom view 

 
Fig.1. Proposed antenna design 

 
The dimensions of the proposed antenna are as 
described below. The length of substrate (ls) and 
width of substrate (ws) is 30 mm and 24 mm 
respectively. Thus the proposed antenna is compact in 
size. The length of driver (l1) is optimized to 17 mm 
which is responsible for resonant frequency and 
bandwidth response of proposed Yagi – Uda antenna. 
The length of director (l3) value is adjusted to 11.5 
mm in order to reach high directivity. The length of 
reflector (l1) and finite ground plane length (lg) and 
width (wg) values are 21.5 mm, 6.2 mm and 9 mm 
respectively which improves back lobe suppression 
which results in high directivity. The ground plane 
extension (h1) value is 2.6 mm. The width of director 
(w0), driver (w1) and reflector (w2) is 2 mm. 
Separation between reflector and driver (d2) and 
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separation between director and driver (d3) is 
adjusted to 4.5 mm and 5.5 mm respectively. Length 
of rectangular slot (a1) and its width (b1) values are 4 
mm and 1 mm respectively. The distance (d1) of slot 
from finite ground plane is 5 mm.  The ratio of 
transition (a2/b2) is maintained to 0.5 mm and 
magnitude of cut “c” is 1 mm which is also 
responsible for bandwidth response of proposed 
antenna. The impedance matching was realized by 
acting again on the ratio of the transition and on the 
driven element-to-director distance. 
 
III. RESULTS 

 
The proposed antenna is designed and simulated for 
upper band WLAN application. The proposed 
antenna has been simulated in CADFEKO software. 
Simulated parameters are visualized in the following 
figures. 
 
The return loss plot showing interested band of 
frequencies and resonant frequency has been depicted 
in Fig.2 and Fig.3. In Fig.2, there are two notches in 
frequency range 5 – 6 GHz and 7 – 8 GHz. Since the 
proposed antenna is designed for WLAN application, 
the 5 – 6 GHz frequency band is considered for work. 
The return loss plot for complete bandwidth from 4.8 
GHz to 6.3GHz is below -10dB. In respective band, 
the resonant frequency is found to be 5.11 GHz and 
return loss value is at -29.5 dB as shown in Fig.3. 
 

 
Fig.2. Return loss plot showing bandwidth at 5GHz 

 

 
                      

Fig.3. Return loss plot 

For proposed antenna, the VSWR plot is as shown in 
Fig.4. Its value should be in the range of 1 to 2. For 
proposed antenna, at the resonant frequency, 5.11 
GHz the value of VSWR is found to be 1.07. 
 

 
 

Fig.4. VSWR plot 
 
The impedance plot for proposed antenna is as shown 
in Fig.5. It should match to 50 ohm to make antenna 
more perfect, but considering losses its value should 
around 50 ohm. At the resonant frequency 5.11 GHz 
of proposed antenna, the magnitude of impedance is 
around 49.4 ohm with little reactive impedance which 
is under consideration. 
 

 
 

Fig.5. Impedance plot 
 

Fig.6 shows the polar plot of directivity for proposed 
antenna. The directivity is used to characterize the 
relative radiation intensity in a specific direction with 
respect to the average radiation intensity over all 
directions. For proposed Yagi-Uda antenna the minor 
lobe is small indicating that the loss of power is 
minimized and maximum power is radiated in 
particular direction. The 3D view of directivity plot is 
shown in Fig.7. The red portion in Fig.7 indicates 
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maximum value of directivity in particular direction. 
The value of directivity of proposed antenna is 
around 6 .5 dBi at the desired operating frequency 
and it varies between 6.79 dBi to 6.53 dBi in the 
impedance bandwidth as shown in Fig.8. 
 

         
                                                     

Fig.6. Polar plot showing directivity in dB 
 

 
Fig.7. The radiation pattern showing directivity of antenna 

 
 

 
 
Fig.8. The plot showing directivity varying in the bandwidth of 

antenna 
 
Gain is another important parameter which has been 
studied. The 3D view of gain for proposed antenna is 
shown in Fig.9. The value of gain is around 5 dBi for 
proposed Yagi – Uda antenna at the operating 

frequency and it varies between 4 dBi to 3.6 dBi in 
the impedance bandwidth as shown in Fig.10. 
       

 
 

Fig.9. The radiation pattern showing gain of antenna 

 
 

Fig.10. The plot showing gain varying in the bandwidth of 
antenna 

 
CONCLUSION 
 
The printed Yagi - Uda antenna with an integrated 
balun has been designed for WLAN applications. The 
proposed       antenna is different because of its 
compact size. The antenna is designed to operate 5 
GHz frequency bands. The antenna has bandwidth of 
1.457 GHz at 5.11 GHz. The gain of antenna is 
around 5 dBi and directivity of 6.5 dBi. The proposed 
antenna is used for indoor applications due to 
compact size. Also it can be extended to arrays 
having a large number of antennas due to compact 
size of antenna. 
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