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Parametric Analysis of a Double E-shaped
Meander Line Monopole Antenna for UHF
Applications
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Abstract—A compact double E-shaped meander line monopole
antenna for Ultra High Frequency (UHF) applications is
proposed. Aim of this study is to design a small and compact
printed monopole antenna resonates at UHF band. By adding
slots and meander line on the radiating patch, the resonant
frequency of the antenna can be reduced with no significant
effects on other antenna performances. With overall size of 83.80
mm x 143.74 mm corresponding to 0.123 2o x 0.211 ko, the
antenna resonant frequency is reduced from 878 MHz to 440
MHz by inserting the proposed method. Defected ground
structure (DGS) is introduced on the partial ground plane to
improve the reflection coefficient of the proposed antenna.
Parametric analysis are conducted and investigated to provide
good antenna performances at targeted frequency band. The
proposed antenna exhibits an omnidirectional radiation pattern.

Index Terms—Printed monopole antenna, slots, meander line,
UHF, miniaturization, omnidirectional radiation pattern,

I. INTRODUCTION

N selecting an antenna topology for omnidirectional UHF

band applications, a number of aspects need to be
considered including size, physical profile, compatibility,
complexity, and radiation pattern. Typically, wire antennas
such as dipole, monopole and whip antennas were used for
omnidirectional UHF applications where the size of the
antenna is relatively small compared to the wavelength.
However, wire antennas are having difficulties in
manufacturing using printed circuit techniques and
incompatible with Monolithic Microwave Integrated Circuits
(MMIC). Therefore, printed antennas are selected to replace
the wire antennas especially for UHF applications.
Nevertheless the printed antenna is not suitable for low
frequency band due to the large size of the antenna. Hence, the
size of the printed antenna has to be reduced.

Recently, various antenna miniaturization techniques have
been studied and investigated. Mitra et. al miniaturize
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CPW-fed ring slot antenna size using interdigitated slits [1].
The interdigitated slits-loaded structure reduces resonant
frequency of the antenna. By loading multiple interdigitated
slits inside the ring, further reduction in resonant frequency is
achieved up to 54.46%.

As stated in [2], Wang et al. found that the size of CPW-fed
antipodal Vivaldi antenna (AVA) can be reduced using
elliptically shaped strip conductors. The strips conductors act
as two arms of the antenna are capable in reducing the antenna
operating frequency. The radiation performance of the antenna
is improved using tapered slots on the antenna arms. The
proposed antenna size of 90 x 93.5 x 0.8 mm?® cover the
impedance bandwidth from 132 GHz to 17 GHz.
Nevertheless, the proposed structure is quite complicated and
its overall size is relatively big compared to high operating
wavelength.

Fujimoto et.al proposed a miniature printed monopole
antenna using cutting method [3]. The printed rectangular
monopole antenna is cut into trapezoidal form where half of
the patch area that resides very weak electric current is
removed. This technique has led to 53% antenna size
miniaturization.

Mondal et al. showed that the shorting strip and meander
line structure reduce the length of the planar rectangular metal
antenna [4]. The meander line technique has reduced the size
of the shorted planar rectangular metal antenna (SPRMA) by
about 16% while the shorting strip has allowed the meander
line antenna to be reduced by 40%. The proposed antenna
were produced bi-directional radiation pattern.

Slot technique has been widely used in antenna design as
reported in [5]-[11]. Slots are inserted on the patch of the
antenna to increase the circumferences of the patch. Hence,
the effective capacitance and effective inductance can be
increased as well. This will lead to the decrement of the
resonant frequency.

A meander line technique was employed in designing a
compact printed monopole antenna for Long Term Evolution
(LTE) mobile handset [12]. The meander line radiator is
connected to the L-shaped radiator where the meander branch
operates at lower band while the L-shaped branch operates at
upper band. The radiator has a small size of 18 x 21 mm? but
with the large ground plane that make whole antenna size to
be 70 x 118 mm2. Unlike the ideal monopole antenna, the
radiation pattern of the proposed antenna was restricted.

In this study, slots are combined with the meander line and
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defected ground structure (DGS) to reduce the resonant
frequency of the antenna. Similar to the slots, meander line is
proposed to increase the effective capacitance and inductance
of the radiator. Whereas the DGS is used to improve the
reflection coefficient of the antenna. The novelty of this
design is on the novel structure of double E-shaped connected
through a meander line backed by a partial ground plane. The
proposed antenna produces omnidirectional radiation pattern
at UHF band. This study presents the simulation result only
where the experimental verification will be completed in
future work.

Il. ANTENNA DESIGN AND APPROACH

In this study, a square printed monopole antenna is designed
as a reference antenna. Slots and meander line are introduced
on the square radiating patch to increase the effective length of
the radiator so that the resonant frequency would be reduced.
All antennas were designed on FR-4 substrate with dielectric
constant e; = 4.3, substrate height h = 1.6 mm and loss tangent
of 0.025. The antenna is fed by a 50Q microstrip line backed
by partial ground plane. The radiating patch, feed line and the
ground plane are made of copper with thickness of 0.035 mm.
They have been simulated using Computer Simulation
Technology (CST) Microwave Studio (MWS) software. All
antenna parameters were optimized and analyzed using
Genetic Algorithm (GA) optimizer to obtain the best
performances of the antenna. The evolution of various antenna
configurations are explained in Section A, Section B, Section
C, Section D and Section E.

A. Reference Antenna

The square shaped patch monopole antenna is designed as a
reference antenna. The antenna consists of a square shaped
patch with width, Wp of 74.20 mm and length, Lp of 74.20
mm connected to a 50 Q transmission line backed by a partial
ground plane. Wf of 3 mm and Lf of 64.74 mm denote the
width and the length of the feed line, respectively. The partial
ground plane at the bottom layer of the antenna as depicted in
Fig. 1 has width, Wg and length, Lg of 83.80 mm and 60 mm,
respectively. In this study, the main objective of designing a
partial ground plane is to produce omnidirectional radiation
pattern at resonant frequency. Overall size of the antenna is
represented by the size of the substrate with width, Ws of
83.80 mm and length, Ls of 143.74 mm.

A few calculations of the reference antenna’s dimensions
have been completed based on the guided wavelength in the
dielectric substrate. Commonly, the length of the radiating
patch is about one half of the guided wavelength
corresponding to the operational frequency [13]-[15] which
presented by:
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Where; A, is the guided wavelength, 4, is free space
wavelength, c is the speed of light (c = 3x108 m/s) and f: is the
resonant frequency. In this study, the targeted operating
frequency band must cover 878 MHz.

The optimization process is done by varying one parameter
at a time while others are fixed. For the reference antenna, the
length of the ground plane, Lg is varied to observe the effect
of the ground plane on the simulated reflection coefficient.
Fig. 2 demonstrates the graph of different Lg on the simulated
reflection coefficient. It is clearly observed that as the value of
Lg increased, the reflection coefficient of the antenna
decreased. Therefore, the optimum length of the ground plane
should be 60 mm.
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Fig. 1.Configuration of the reference antenna (a) front view (b) back view.
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g. 2.Simulated reflection coefficient of various ground plane length Lg.
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B. I-shaped Patch Monopole Antenna

Slots are introduced on the right and left side of the radiator
to lengthen its circumference. This will lead to the increment
of the effective capacitance and inductance, hence reducing
the resonant frequency of the antenna. Embedded slots on both
sides of the patch resulting in an I-shaped patch configuration
as displayed in Fig. 3. Each parameters of the I-shaped
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antenna are similar to the reference antenna except for the
additional square slot with width and length denoted by a.

The effect of various length and width of the slot on the
simulated reflection coefficient is observed in Fig. 4. It is
clearly seen that as a increases, the resonant frequency
decreases. The value of a cannot be further increased because
it could affects the value of thin line b as well. In this study,
the width of the thin line, b cannot be made smaller than 1 mm
to avoid difficulties in antenna fabrication process. From the
result, it is clear that the antenna resonates at lowest frequency
band when a is 36.6 mm.
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Fig. 4.Simulated reflection coefficient of various width / length of the slots a.

C. Double E-shaped Patch Monopole Antenna

Another slots are introduced onto the I-shaped patch to
further increase the length of the radiator so that the antenna
resonant frequency can be further decreased. Similar to the I-
shaped monopole patch antenna, the slots are constructed on
the strongest current path on the patch. Four slots have been
created on the upper and bottom layer of the patch as
demonstrated in Fig. 5. The addition of the slots to the I-
shaped monopole changing the patch structure from I-shaped
to double E-shaped patch. All parameters are similar to the
reference antenna except for additional slots on the patch. The
added slots have a square shaped with width and length

denoted by w; and Iy, respectively.
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Fig. 5.Configuration of the double E-shaped antenna (a) front view (b) back

view.

The width of the slot, w; is varied as presented in Fig. 6.
From the graph, the simulated reflection coefficient remain the
same even for different values of wi. Since the width of the
slots has no effect on the simulated reflection coefficient, any
value of w; can be set for the slots. In this study, w is set at
10.3 mm.
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Fig. 6.Simulated reflection coefficient of various width of the slots w;.
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The length of the slots are also analysed to observe the
effects of 11 on the simulated reflection coefficient as shown in
Fig. 7. It is shown that the resonant frequency decreased as |1
increased. Therefore, the best value of |1 is chose to be 10.3
mm.
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Fig. 7.Simulated reflection coefficient of various length of the slots I;.

D. Double E-shaped Meander Line Monopole Antenna

The evolution of the antenna from reference antenna to the
double E-shaped monopole antenna has achieved reduction in
antenna resonant frequency of 366 MHz which is from 878
MHz to 512 MHz. The resonant frequency still need to be
reduced in order to miniaturize the monopole antenna to be as
small as possible. For that reason, the thin line that connects
the double E-shaped patch is modified and replaced with the
meander line. The configuration of the double E-shaped patch
connected through a meander line is exposed in Fig. 8.
Meanwhile, Fig. 9 shows the configuration of the meander line
which consists of |, = 5.27 mm, w,; = 9.50 mm, w, = 18 mm,
We = 1.00 mm, wg =5.12 mm and we = 5.12 mm.
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Fig. 8.Configuration of the double E-shaped meander line antenna (a) front
view (b) back view.

Fig. 9.Configuration of the radiator (meander line is enlarged for visibility).

The length of the ground plane of the double E-shaped
patch connected through a meander line is optimized to
improve the antenna reflection coefficient. Lg is varied as
displayed in Fig. 10 where the graph shows that the reflection
coefficient is optimum when the Lg is increased to 64.7 mm.
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Fig. 10.Simulated reflection coefficient of various length of the slots Lg.

The insertion of meander line with optimized ground plane
length lead to a reduction in antenna resonant frequency from
512 MHz to 442 MHz. Dimensions of meander line w, and wy
are analysed to investigate the effect of various meander line
width and length on the simulated reflection coefficient. Fig.
11 and Fig. 12 illustrate the effect of various w, and w; on the
simulated reflection coefficient, respectively. The simulated
reflection coefficient curve is at optimum level when w; is 9.5
mm where the resonant frequency is at 442 MHz with
reflection coefficient of -30.25 dB. While the ideal value of wy
is 18 mm.
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Fig. 11.Simulated reflection coefficient of various width of the meander line
Wa.
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Fig. 12.Simulated reflection coefficient of various length of the meander line
Wh.

E. Double E-shaped Meander Line Monopole Antenna with
DGS

Up till now, the resonant frequency has been reduced from
878 MHz to 442 MHz with a slight influence on the antenna
reflection coefficient. However, the reflection coefficient of
the antenna can be further improved to ensure that the antenna
will radiate well even in a real testing. The reflection
coefficient can be improved by inserting a slot or defected
ground structure (DGS) on the ground plane as illustrated by
Fig. 13.

The square DGS is varied to observe its effect on the
simulated reflection coefficient as illustrated in Fig. 14. It is
clearly shown that the optimal value of the length of DGS
denoted by dgy is at 3.8 mm where the reflection coefficient is
at minimum level with resonant frequency of 440 MHz.
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Fig. 13.Configuration of the double E-shaped meander line antenna with DGS
(a) front view (b) back view.
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Fig. 14.Simulated reflection coefficient of various length of the DGS d.

I1l. VARIOUS ANTENNA DESIGN TOPOLOGIES

The proposed double E-shaped meander line printed
monopole antenna with DGS is built from several topologies
as demonstrated by Fig. 15. The design process is started from
a square printed monopole antenna which referred as a
reference antenna. The square patch is then modified with the
slots until the patch structure changes from square patch to I-
shaped patch. Another slots are inserted onto the patch until it
is modified from I-shaped patch to double E-shaped patch.
The thin line that connects each of the E-shaped patch is then
replaced by a meander line. Lastly, the DGS is introduced on
the partial ground plane to improve the antenna reflection
coefficient.

@) (b)

(©
(d) (®)
Fig. 15.Evolution of the (a) reference antenna (b) I-shaped antenna (c) double
E-shaped antenna (d) double E-shaped meander line antenna (e) double E-
shaped meander line antenna with DGS.

Fig. 16 displays the simulated reflection coefficient of
various antenna topologies. The simulated reflection
coefficient of the reference antenna is presented by the red
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dash line with wideband behavior. The partial ground plane of
the antenna produce wideband behavior and omnidirectional
radiation pattern. The simulated reflection coefficient of the
proposed antenna is presented by black solid line which
resonates at 424 MHz. The proposed antenna produces narrow
bandwidth characteristic due to the insertion of the slots and
meander line. Eventhough the proposed antenna possess
narrow bandwidth, it is not affecting the target applications
since this antenna can be used for narrow band UHF
applications where the size is more important.
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Fig. 16.Simulated reflection coefficient of various antenna topologies.

Better understanding on the antenna performances can be
performed by studying the antenna current distributions.
Antennas are divided into active and neutral zones [16].
Antenna active zone is the zone that the current is strongest on
the antenna surface where geometry modifications would
change the resonant frequency and impedance bandwidth. On
the other hand, the neutral zone is where geometry
modifications do not affect the antenna performances.

The insertion of the slots and meander line are based on the
current distribution of the radiator. There are embedded on the
patch where stongest current path is concentrated, hence the
current on the radiator can be increased. Fig. 17 shows the
surface current distribution of various antenna topologies.
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Fig. 17.Surface current distribution of the (a) reference antenna (b) I-shaped
antenna (c) double E-shaped antenna (d) double E-shaped meander line
antenna (e) double E-shaped meander line antenna with DGS.

All antennas that demonstrated previously radiate with
omnidirectional radiation pattern. Simulated radiation pattern
in the E-plane and H-plane for all antennas are demonstrated
in Figure 18 and Figure 19, respectively. All antennas have
similar omnidirectional radiation pattern in the E-plane and H-
plane but with different amplitude due to the modification on
the radiator.

Reference Antenna

I-shaped Antenna

E-shaped Antenna

E-shaped Meander Line Antenna
E-shaped Meander Line DGS Antenna

Fig. 18. Simulated E-plane Radiation Pattern for All Antenna Designs.
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Fig. 19. Simulated H-plane Radiation Pattern for All Antenna Designs.

Summary of the performances of all antennas are depicted
in Table 1. For the reference antenna, its performance is taken
only at resonant frequency of 878 MHz despite its wide
bandwidth characteristics.

TABLE |
PERFORMANCES OF ALL ANTENNAS

Return
Loss
(dB)

878 -30.55 2.23 2.60 91.7

Antenna
Type /

Parameter
Reference
Antenna
I-shaped
Antenna
Double E-
shaped 512
Antenna
Double E-
shaped
Meander 442
Line
Antenna
Double E-
shaped
Meander
Line
Antenna
with DGS

Freq.
(MHz)

Gain Directivity ~ Efficiency
(dBi) (dB) (%)

538 -20.94 1.55 2.01 89.2

-18.00 157 1.96 90.0

-30.25 1.08 1.86 83.5

440 -41.14 1.13 1.85 84.7

The performances of the proposed antenna has been
compared with other antennas in literature as presented in
Table Il. The comparison is focusing on the size of the
antenna, return loss, resonant frequency, antenna gain and
antenna bandwidth. The size of the antenna is represented by
the free space wavelength, Ao since the resonant frequency of
the antennas are vary. The proposed antenna exhibits better
compromise between antenna size, gain and bandwidth

compared to other antennas in literature.

TABLE Il
COMPARISON RESULTS WITH OTHER ANTENNAS IN LITERATURE
References Size Fr?gli{ezr;cy 8?3'?) Ban(((i)}(/)v)idth
Mitra, 2016 [1] 06%13399%)( 1.90 -1.22 1.58
Ekke, 2017 [17] 065%0; 2.49 445 241
Wang, 2015 [18] 06(.)37311;; 0433 -2.80 2.90
Gaeta[ri(;,] 2014 Ooogﬁ\;ox 0433 13 1.00
Liv, 20121200 %7 fgxgox 0433  -430 1.30
Liu, 2017 [21] %‘?gggxgox 2.4 -17 24
Propozs§§17work, 001223;\0; 0.440 113 564

IV. CONCLUSION

A novel double E-shaped meander line antenna with DGS
on the partial ground plane has been designed, analyzed and
investigated in this study. Parametric analysis has been
conducted using GA optimizer to obtain the best parameters of
the radiator. Combination of slots, meander line and DGS has
reduces the antenna resonating frequency for about 436 MHz
from 878 MHz to 440 MHz. Overall size of the proposed
antenna is only 83.80 mm x 143.74 mm equivalent to 0.123 Ao
x 0.211 Ao where Ao is a wavelength at 440 MHz. The proposed
antenna possess an omnidirectional radiation pattern with
adequate antenna gain of 1.13 dBi at UHF band.
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