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A Compact Quasi-Yagi Microstrip Patch
Antenna with High Gain
and Bandwidth for UWB Application

Hasanur Rahman Chowdhury, and Sakhawat Hussain

Abstract—A quasi-Yagi microstrip patch antenna with four
directors and truncated ground plane has been designed and
fabricated to have an ultra-wide bandwidth, high gain, low return
loss and better directivity with center frequency at 3.40 GHz. After
optimization, the proposed antenna yields an ultra-wide
bandwidth of 1.20 GHz with lower and upper cutoff frequencies at
3.12 GHz and 4.32 GHz, respectively. High gain of 5.25 dB, return
loss of -28 dB and directivity of 6.28 dB are obtained at resonance
frequency of 3.40 GHz. The measured results of fabricated
antenna have shown excellent agreement with the simulation
results providing bandwidth of 1.34 GHz with lower and upper
cutoff frequencies at 3.04 GHz and 4.38 GHz, respectively. The
antenna gain of 5.33 dB, return loss of -44 dB are obtained at
resonance frequency of 3.36 GHz. The dimension of the antenna is
only of 65 mm x 45 mm ensuring compact in size.

Keywords—Quasi Yagi microstrip patch antenna; FR4
substrate; ultra-wide bandwidth (UWB); high antenna gain and
low return loss

I. INTRODUCTION

N wireless communication, an antenna plays a vital role in

deciding the quality and overall performance of the device
over different communication standard. Since the inception of
Yagi-Uda antenna[1],[2], huge research effort has been devoted
to modify it (known as quasi-Yagi Uda antenna) to overcome
its limitations, such as relatively large size, narrow band (<5%)
characteristics and tuning difficulties. As a part of that process,
an antenna structure with microstrip radiator technique and
Yagi-Uda array concept was first introduced by Huang et al [3].
Later, Qian et al proposed the printed microstrip patch antenna
for wireless communication [4]. After the Federal
Communications Commission (FCC) of the United States
adopted the First Report and Order that permit to use the Ultra
Wide Band (UWB) technology for commercial operation and
allocated a bandwidth of 7.5 GHz from 3.1 GHz to 10.6 GHz
for unlicensed use, huge research have been carried out to
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develop and implement UWB antennas [5] . Researchers tried
to develop different shape such as fork [6], elliptical [7], square
[8], octagon [9], top-hat monopole [10], bowtie active elements
[11], slot Yagi like multilayered [12] microsrtip antennas and
so on, for UWB application.

Different transition such as coplanar waveguide (CPW) to
coplanar strip (CPS) [13], uniplanar microstrip-to-CPS[14],
compact planar microstrip-fed [15], CPW-fed [16] and CPS-fed
[17] Yagi antenna have been reported. Yet, all these antennas
have one or other limitations like narrow bandwidth, larger size,
less directivity, low gain, antenna complexity or manufacturing
difficulties and so on. Hence, search for a perfect design and
easy to construct quasi- Yagi antenna with good radiation
pattern behavior is still on.

This research work aims to develop a quasi-Yagi antenna
with balance and unbalance (balun) section, made up of
microstrip to CPS transition section, to match the feed-line
impedance, truncated ground plane as reflector and several
directors. It is to achieve relatively low return loss, high gain,
high directivity and compact size antenna operating at center
frequency of 3.4 GHz with a bandwidth covering the ultra-
wideband (UWB) range. This antenna could be used in such
locations where not omni-directional rather some directional
radiation coverage are required for UWB applications. Firstly,
the quasi-Yagi antenna is designed and optimized using the
software platform known as Computer Simulation Technology
(CST) studio, a highly used software that provides accurate and
efficient computational solutions for electromagnetic design
and analysis. Afterwards, the design parameter of the antenna
are implemented on FR4 substrate with dielectric constant (&)
of 4.3 and thickness (Hy) of 1.5 mm. It has copper cladding
on both sides of thickness (h;) 0.035 mm. The choice of FR4
epoxy substrate other than PTFE-based substrate like Rogers or
RT/duroid is due to its low cost and excellent mechanical
properties for various electronic component applications [18].
The fabricated antenna was then tested using a Vector Network
Analyzer (Rohde and Schwarz-ZVH8) and Wave, and Antenna
Training System (Man and TEL Co.).

II. DESIGN PROCEDURE OF THE PROPOSED QUASI-
YAGI ANTENNA AT 3.40 GHZ

The schematic diagram of top view of the proposed quasi-
Yagi antenna along with its different parts and their dimension
notation are shown in Fig. 1. Since the targeted resonating
frequency (f;.) is at 3.40 GHz and the dielectric constant of the
substrate is (&) of 4.3, so the free space wavelength is
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calculated as A, = fi = 88.24 mm; whereas the guided

wavelength within the antenna will be A; = A9/+/g, =
42.55 mm. The individual section of the proposed quasi-Yagi
antenna along with their parameter values are described in the
following sub-sections.

A. Microstrip Feedline parameters:

Assuming that the microstrip feedline width (W) is larger
than the substrate thickness (H), the effective dielectric
constant (&grf), microstrip feedline width (W) and input
impedance (Z,) of the system can be expressed as follows [19]:

Eopp = ot 4 |2 (1)
eI 2 2 /1+12(%)
v 2
W= 2X fr er+1 (2)
Zo — 1201 (3)

/aeff[%+1.393+§ln(%+1.444)]

By following equation 1 to 3 to match the input impedance Z, =
50 Q, the feedline width is calculated as Wy = 2.87 mm.

However, the direct calculation of feedline width (W) from
equation 2, where Vj is the speed of light in free space, gives
the value to be of 27.1 mm. As the microstrip feedline width

(Wr) value may varies from % to % to that of theoretically

calculated value (W) to match the input impedance value, here
we considered the feed line width to be of 2.87 mm in our
simulation work. The length of the feedline (Ls) is not that
crucial to match the impedance, so it is set as of 7.5 mm (less

than quarter wavelength %g ~ 10.6 mm ) by optimizing in CST
studio.

B. Microstrip to coplanar strip (CPS) transition section

This section construct a balance to unbalanced (Balun) part
by employing a quarter-wave long transformer, a symmetric
center V grooved T-junction power splitter and Miters for the
90° microstrip bends. As shown in Fig. 1(a) that the right arm
and the left arm of the T-junction power splitter also act as a
quarter-wave long transformer in our proposed antenna. For a
lossless (reflection coefficient, I' = 0) system the impedance of
the T-junction arms should be such that it obey the following
relation[19]:

Ziv =+/Zo-Ry, “)

Where the Z;y, is the characteristic impedance of the quarter
wave transformer, Z; is input impedance of the T-junction and
the R; as load impedance from the quarter wave section. Since
an equal power split is desired (-3db) for each arm and
considering the arm impedance of 50Q then the input
impedance of the T-junction should be 25Q and the
characteristic impedance of the quarter wave transformer will

be from equation 4, Z;y = /Zo.R;, = 35.35 Q.
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Fig. 1. Schematic diagram of proposed antenna along with (a) different parts
and (b) their dimension notation

Moreover, to compensate the 180° phase delay introduced
by the T-junction, the right arm length (L,) is taken to be 17.6
mm and the left arm length (L3) is 7.4 mm. These values are
considered such to keep the path length distance of the two arms

as L, — L; =104 mm = 19/4 so that an odd mode coupling
is created between the two arms of the balun to provide the
broadband characteristics of the antenna. Moreover, miters for
the 90° microstrip bends at the corners of the T-junction has
been introduced to reduce some capacitance and restores the
original characteristic impedance. For a microstrip line of width
W and height H, the diagonal D of the ‘Square’ shaped miter
can be calculated from some empirical equations for designing
a meter bend as [20]:

D=V2xW (%)
X=Dx[052+ 0.659_1'35*(%)] (6)
A= (X - g) X2 7)

While the conditions: 0.5 < (%) <275 and 25< ¢, <

25 are fulfilled. The dimensions D, X and A of the meter bend
are shown in Fig. 2.
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Fig. 2. Square shaped meter bends

In our design, we have considered the width (W) of the
meter bend to be 2 mm, thus the diagonal dimension (D)

become 2v2 mm and X = 1.77 mm and A = 0.5 mm.

C. Co-planar strip line (CPS) section

The broadband balun's two arms are associated with a pair of
coplanar striplines separated by a certain gap width (Wy,p).
These CPS lines direct the signal toward the end-fire radiation
through the directors. CPS lines are first connected to the
microstrip transition lines whose width (W3) value is that of
feedline width (W, = 2.87 mm), length (Ls) is 8.6 mm and
gap width (W,,,,) of 1.778 mm. These transition lines serve as
impedance matching lines to that of CPS lines. The CPS lines
are shorter and narrower than the transition lines to compensate
for the second-order discontinuities. The length and width of
CPS lines are of (Lcpg) 7.196 mm and (Wgpg) 1.5 mm,
respectively. The length and width of transition line and CPS
sections are set by optimizing the design using software
simulation.

D. Driver, directors and reflector sections
In a classic Yagi antenna the length of the driver element

. A . . . .
1579. However, in our design, we have used dipole driver of

length (Lgri) 19 mm, which is close to %g and the width
(Wy,i) is taken as 3mm, approximately that of feedline width
(Wp) . The directors act as a guiding part of the antenna that
ensures the end-fire radiation. The number and length of each
director generally increase antenna gain and bandwidth.
Nevertheless, it also makes the antenna size bulky. Considering
compact size, in our design we have chosen four directors of
equal length (Lgj) of 15.9 mm (<Lg,;) by optimizing its value.
The width of the directors are kept the same as driver width
(W4ri = Wyir). The separation between each director are
optimized at 2.7 mm. Finally, in a microstrip quasi-Yagi
antenna, the ground plane serves as the reflector. Usually, the
ground plane is truncated along one direction to make the
antenna size small with higher gain and better directivity than a
usual microstrip antenna [21], [22]. In this work, both the lateral
and longitudinal lengths are truncated. After several trials, the
reflector’s length (Lg) and width (Wg) optimum values are set
as 36.2 mm and 23.9 mm, respectively.

To accommodate all these above mention parts of the
proposed quasi-Yagi antenna the total substrate size of the
antenna has been optimized to be 65mm X 45mm
(0.73 A9 x 0.5 4y). The summary of all the optimized antenna
parameters are listed in Table I.

III. RESULTS AND DISCUSSION

After optimization of all the antenna parameters using CST
studio, we have constructed the proposed antenna using
standard fabrication technique. Figure 3 shows the top and
backside view of the fabricated antenna. The key features of the
antenna such as return loss (S;;), voltage standing wave ratio
(VSWR), gain, directivity, and radiation pattern have been
evaluated using Vector Network Analyzer (VNA) and Wave
and Antenna Training System of our lab.

TABLE I
OPTIMIZED PARAMETERS FOR THE STRUCTURE
Parameter Antenna Element Length
(in mm)
w Width of Substrate 45
L Length of Substrate 65
Wy Width of Ground Plane 239
Ly Length of Ground Plane 36.2
Wy Width of Feed Line 2.87
Le Length of Feed Line 7.5
w; Width of Transformer 6
Ly Length of Transformer 7.5
L, Length of Right Arm 17.6
Ly Length of Left Arm 7.4
L, Length of T-Junction 6
w, Width of T-Junction 2
Lg Length of T-Junction to CPS 8.6
74 Width of T-Junction to CPS Transition 2.87 (W)
Line
Leps Length of CPS 7.196
Weps Width of CPS 1.5
Wyap Separation between both CPS 1.778
Ly Length of Driver 18.98
Wi Width of Driver 3
D Distance from Driver to Director 2.7
Lair Length of Director 15.9
Wair Width of Director 3
Sair Separation between each director 2.7

The return loss (S;;) measurement based on both CST
simulation and measured data have been presented in Fig. 4.
From simulation data, we can see that the center resonance
frequency is at 3.40 GHz with broad bandwidth of 1.20 GHz
starting from 3.12 GHz to 4.32 GHz. Within this range, the
return loss value is less than -10 dB (S;; < —10 dB) and the
maximum return loss value is -28 dB at the resonance frequency
(blue line).

(a) (b)
Fig. 3. The fabricated antenna (a) front side and (b) the backside view
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The measured value of the fabricated antenna shows similar
trend and we found that -10 dB bandwidth starts from 3.04 GHz
to 4.38 GHz with maximum return loss (S;) value of -44.7 dB
(red line). Thus, this antenna is usable for UWB applications as
the bandwidth of the antenna (Af =
1.38 GHz (experimental) or 1.20 GHz (simulated)) is
much greater than 20% of center frequency (Af = f, X 20% =
0.68GHz) or 500 MHz recommended by FCC.

— Simulated
0 — Measured

S, (dB)

Frequency (GHz)

Fig. 4. Return loss graphs of both simulation (blue line) and experiment (red
line) results of the antenna

It is desirable to have the Voltage Standing Wave
Ration (VSWR) value of any antenna to be less than 2 in its
operating resonance frequency and within the bandwidth. The
simulation and experiment data of our antenna is shown in the
Fig. 5. The simulation result shows that the VSRW is less than
1.9 throughout the entire bandwidth (from 3.12 GHz to 4.32
GHz). Moreover, 90% of the bandwidth has a VSWR value even
less than 1.4 and at the resonance frequency (f, = 3.4 GHz) the
VSWR is 1.08. However, the measured result shows that the
antenna has VSWR value less than 1.4 within the entire
bandwidth. At resonance frequency (f, = 3.36 GHz), VSWR
value is only of 1.18. These results confirms that the antenna is
a perfect impedance match with that of the feedline connection.

The gain and the directivity of the antenna have been
analyzed. Figure 6 shows the simulation result of the gain and
directivity of the antenna for entire bandwidth. The gain and
directivity of the antenna are found to be around 5 dB and 6 dB,
respectively.

(]

— Simulated
1.8 F — Measured

VSWR

3.2 34 36 3.8 4 42
Frequency (GHz)

Fig. 5. VSWR vs frequency graph. Blue line shows the simulation result
and red line gives the experiment result of the antenna.
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Fig. 6. Gain and directivity vs frequency graph (simulation result) of the
antenna

In CST, we have simulated the farfield radiation gain and 3D
radiaton pattern at resonance frequency (f, = 3.4 GHz) as
shown in the Fig. 7. It is found that the main lobe gain is 5.23
dB along the longitudinal direction of the antenna (6 = ¢ =
90°) and half power radiation angle (angular width) is 78.5°
and front to back ratio is 13.1 dB. Both gain and 3D radiation
pattern shows a symmetric half-dumbbell shape radiation
pattern at resonance frequency.

Farfiel Gan Abs (Theta=90)

0

Farfield (f=3.4 GHz)

70 Frequency =3.4GHz
Main Lobe Magnitude=5.23 dB
Main Lobe Direction =90 Deg
Angular Width (3dB) =78.5 Deg
Front to Back ratio  =13.1dB

Gain [dB)

(b)
Fig. 7. (a) Farfiled radiation gain and (b) 3D radiation pattern at resonance
frequency, f, = 3.4 GHz

The radiation pattern of the fabricated antenna with respect
to the forward transmittance (S,;) has been measured using
VNA as shown in Fig. 8. It is to be noted that both the resonance
frequency and radiation pattern of the fabricated antenna differ
slightly from that of simulation result. It is found that at practical
resonance frequency (f; = 3.36 GHz) the shape of the
radiation pattern has some irregularities with main gain lobe at
around 82°. The measured gain value is 5.33 dB. However, the
gain and directivity difference from that of simulation results
may be due to lack of perfect measurement environment and
instrument’s calibration scaling mismatch.
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We have analyzed the impedance of the antenna for a
frequency range of 3.20 GHz to 3.40 GHz using Smith chart.
The Smith chart data are from the VNA and presented in Fig. 9.
It is found that at practical resonance frequency (f, =
3.36 GHz) the impedance of the antenna is Z = 50.2 +
j1.33 Q, which is very close to that of simulation impedance of
50 Q. The summary of all the obtained simulation and
experiment results are presented in Table II. Impact of number
of directors and size of the truncated ground plane of the antenna
have been analyzed using the CST studio software. From
simulation results, it is confirmed that adding number of
directors (one to four) in the design pattern, the antenna gain and
directivity increases around 0.25 dB for each addition of
directors.

90
120 — o~ 60

—— theta = 90°
150 ,

180

330

20 ~~—_| 300
270

Fig. 8. Measured radiation pattern of the fabricated antenna

“‘-‘_-EL?.- o

Fig. 9. Impedance measurement of the antenna for a frequency range of 3.2
GHz to 3.4 GHz using Smith chart

TABLE I
SUMMARY OF BOTH SIMULATION AND EXPERIMENT RESULT OF
THE ANTENNA
Parameter Simulated Measured
Value Value
Center frequency, f 3.4 GHz 3.36 GHz
Bandwidth 1.20 GHz 1.34 GHz
Lower cutoff 3.12 GHz 3.04 GHz
frequency, (f)
Upper cutoff 4.32 GHz 4.38 GHz
frequency, (fy)
Bandwidth efficiency 35% 40%
Return Loss (S;;) -28 dB -44 dB
Impedance (real part) 50.005 Q 50.2Q
VSWR 1.08 1.15
Gain 5.25dB 5.33dB

The gain value changes from 4.52 dB up to 5.25 dB and the
directivity changes from 5.52 dB to 6.28 dB, as we change the
director number from 1 to 4, respectively. The overall

bandwidth of the antenna also gets affected due to the change in
director number. It increases from 1.08 GHz up to 1.2 GHz. It
is obvious that to keep the size of the antenna small, we need to
have minimum number of directors within the quasi-Yagi
antenna. Table III summarizes the effects of the number of
directors on bandwidth, gain and directivity of our proposed
antenna. However, the farfield radiation pattern of the antenna
(along longitudinal direction, (8 = ¢ = 90°)) does not have
any significant change due to variation in the director’s number
as shown in Fig. 10.

TABLE III
EFFECTS OF DIRECTORS ON ANTENNA BANDWIDTH, GAIN
AND DIRECTIVITY
Number Bandwidth Gain Directivity
of directors (GHz) (dB) (dB)
1 1.08 452 5.52
2 1.08 4.73 5.72
3 1.19 4.99 6.01
4 1.2 5.25 6.28
— 1 Director
—— 2 Directors
90 3 Directors
—— 4 Directors

120 w0 60

150 30

180

210 330

240 300
270

Fig. 10. Farfield radiation pattern (6 = ¢ = 90°) variation due to change in
director numbers

For the size of truncated ground plane, we have simulated
the plane for different longitudinal width size starting from 18
mm up to 26 mm, while keeping the number of directors as four.
Table IV summarizes the obtain antenna parameters. The width
size variation has huge impact of bandwidth and resonance
frequency values of the antenna. The bandwidth (Af) of the
antenna increases (0.78 GHz up to 1.27 GHz) with increment in
width size and the resonance frequency (f,) shifts downward
from 4.53 GHz to 3.40 GHz while width length (Wg) changes
from 18 mm to 26 nm, respectively. However, the return loss
(S11) value at resonance frequency; lower and upper cutoff
frequencies of the bandwidth changes arbitrarily. Figure 11
shows the return loss vs frequency graph depending on the
change in ground plane width of the antenna.

Thus from the simulation result, we have chosen the number
of directors to be four and the width of the ground plane of 23.9
mm within our fabricated antenna as both the values give
favorable and significant results in antenna parameters. This
antenna can be used for UWB applications such as radio
frequency identification devices (RFID), radar, location
tracking and sensor networks. More precisely, due to its
favorable bandwidth of 1.34 GHz with resonance frequency of
3.36 GHz, it can be used for WiMAX and Fixed Wireless
Access communication system operating in the 3.3 to 3.6 GHz
band.
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TABLE IV
CHANGE IN ANTENNA PARAMETERS DUE TO GROUND PLANE
WIDTH (W) VARIATION.

Width, Lower Upper Bandwidth, Resonating | Return
W) cut-off cut-off Aaf Freq., (f;) Loss,
(mm) freq., freq., (GHz) (GHz) (S11)
(f) (fu) (dB)
(GHz) | (GHz)
18 4.00 4.78 0.78 4.53 -25
20 3.66 4.62 0.96 437 -42
22 3.36 4.44 1.08 4.17 -28
24 3.12 432 1.20 3.42 -28
26 2.89 4.16 1.27 3.40 -16
10 T v T
~ 0
o
&
—-10
w
£ -20 —Wa- 18
2 —Wg=20
5 =30 Wg=122
S —Wz=24
"4
-40 — Wg =26
50 " " "
1 2 3 4 5

Frequency (GHz)

Fig. 11. Effect of ground plane width (W) on return loss (S;;) of the
antenna

CONCLUSION

Our developed quasi-Yagi microstrip patch antenna has
overcome the limitation of narrow-band effectively as well as
provides the high directivity of the traditional Yagi-Uda
antenna. The impact of increasing director numbers and
optimizing the truncated ground plane as reflector have been
studied. All the simulation works carried out in CST studio with
rigorous optimization and the performance of a fabricated
antenna has been verified with Vector Network Analyzer and
Wave and Antenna Training System. Both the (simulation) and
measured results have shown excellent agreement providing an
ultra-wide bandwidth of (1.20 GHz) 1.34 GHz with lower and
upper cutoff frequencies at (3.12 GHz) 3.04 GHz and (4.32
GHz) 4.38 GHz, respectively. The antenna gain of (5.32 dB)
5.33 dB and return loss of only (-28 dB) -44 dB were achieved
at resonance frequency of (3.40 GHz) 3.36 GHz. Our designed
and fabricated antenna has a compact size of 65 mm x 45 mm.
For excellent half dumbbell shaped radiation pattern, this
antenna may be used in various UWB applications such as
RFID, radar, location tracking and sensor networks along with
communication systems of upper S-band, like WiMAX and
Fixed Wireless Access systems.
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