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Abstract— In this paper folded type meander line antennas
have been proposed. Performance of three different meander
line antennas have been investigated, first one without
conductor line and the other two with conductor line. First
antenna is a triple band resonator while second antenna with
conductor line becomes tetra band resonator and the last design
is a dual band resonator but with higher return loss, -35 dB at
1.86 GHz. CST_STUDIO_2012 is being used for simulation.
Far-field response, efficiency, gain, directivity and reflection
coefficients have been chosen as factors for performance
analysis and it has been successfully illustrated here that
insertion of conductor line makes the antenna a better
resonator and also improves the return loss. The proposed
antennas in this paper work are able to operate in the LTE700,
LTE/GSM1800, PCS/ UMTS/ WLAN/ LTE2400, L band (1-2
GHz) and S band (2-4 GHz).

60 mm width and 110 mm length and 0.8 mm thickness, with the
relative permittivity of 4.4. As the ground plane, perfect electric
conductor (PEC) is being used which is 60 mm wide and 100 mm
long with a fixed thickness of 0.1 mm. All designs have dual
folded loop strips and a capacitively coupled feeding line [11].
The loop pattern is meandered and folded to increase the
electrical length but at the same time reduce the size it occupies.
To excite at least one resonant mode by coupling, a strip line is
arranged directly above the coupling element on the back plane in
all designs and also to support the meandered loop another strip
line is inserted at the beginning of the first fold.
A. Design of Antenna_1

The design of Antenna_1 is the proposed antenna design. The
total length of the folded and meandered loop strip is 425 mm,
which is mounted within 10 mm, on the substrate, touching the
Keywords— Conductor line, folded type meander line finishing end of ground plane. The height of each fold is 6.5 mm
antenna, return loss and tetra band resonance.
i.e. total height of the antenna is (6.5mm+6.5mm+0.8mm)
=13.8mm. The feed size has been chosen to ensure good
impedance matching and resonance. Feed position is very
I. Introduction
important and is being chosen carefully to obtain good antenna
I n r e ce nt ye ar s, t h e wir e le s s co m mu n i ca tio n performance.
b u si n es s h as e xp a nd ed gr eat l y. Some of the most
recognized communication fields are WLAN system, It has been investigated that with single folding, only dual band
GSM/EDGE, UMTS/HSPA & 4G LTE networks [1-3]. LTE is resonance is achieved but after increasing the fold number the
the last step toward the 4th generation (4G) of radio technologies antenna becomes a triple band resonator. Figure 1(A, B)
designed to increase the capacity and speed of mobile telephone represents the orientation and back plane including capacitive
networks. LTE provides ultra-broadband speeds for mega coupling of Antenna_1.
multimedia applications by using a high performance antenna
[1]. Meander line antennas provide a very important role in the
designs of these systems [4-8]. Meander line antenna is
electrically small, low profile antenna and has small structure [5].
Since wireless communication system is becoming more and
more flexible day by day compared to wired system so
equipment working in these systems requires low profile and
multi band resonance [9]. The purpose of this paper work is to
design a meander-line antenna which will be of smaller size,
which will be able to operate in multiband and which will be
applicable in 2G, 3G as well as 4G technologies. For achieving
all these goals a folded type meander line antenna is being used
whose performance characteristics are improved by inserting
conductor line [10].

II.

Antenna Design

For this paper to demonstrate the effect of conductor line three
proposed antennas are designed and analysed. All antenna
designs have been done with ‘CST Microwave Studio’ for the 3D
layout. All the proposed antennas are mounted on a substrate of
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III.

Results

Performance analysis of proposed antennas has been done with
the help of simulation results. Following are the demonstration of
Antenna_1, Antenna_2 and Antenna_3 with the illustration of
different graphs, plots and tables.
A. Simulation Results of Antenna_1
(B)
Figure 1: (A) Orientation of Antenna_1 including feed point, (B)
Back plane of Antenna_1 including coupling circuit
B. Design of Antenna_2
Antenna_2 is a folded type meander line antenna. By inserting a
conductor line in Antenna_1 between the second strip line and at
the edge of the meandered loop, Antenna_2 is designed. Due to
insertion of the conductor line this design becomes a tetra band
resonator as well as return loss is improved to -26 dB at 2.5 GHz
where Antenna_1 has maximum -16 dB at 1.8 GHz. The antenna
orientation of Antenna_2 is shown in Figure 2.

After running simulation on Antenna_1 with CST Microwave
Studio, it is found from the reflection coefficient of Antenna_1
that this antenna has three resonant frequencies i.e. antenna_1 is a
triple band resonator. The three frequencies with maximum
resonances are: 0.65362 GHz, 1.887 GHz and 2.4736 GHz.
Figure 4 shows the reflection coefficient of Antenna_1 obtained
after simulation.
Table I depicts the results of S-parameters magnitudes, radiation
efficiency, gain, directivity and main lobe magnitude after
running simulation on Antenna_1. Figure 5-7 represents the Farfield of three resonating frequencies with maximum resonance of
Antenna_1.

Figure 2: Orientation of Antenna_2
C. Design of Antenna_3
In this design, the antenna orientation is similar as Antenna_2,
just the optimum value of conductor line is being found so that
one resonating frequency, exact at 700 MHz is obtained. But the
trade-off is that two frequency bands are being sacrificed for that.
But at the same time in this design, for the optimized dimension
of the conductor line the value of return loss has been improved.
One of the resonating frequencies, 1.8604 GHz has found with
return loss of around -35 dB. The antenna orientation of this
design is being shown in Figure 3.

Figure 4: Reflection coefficient of Antenna_1 expressed in dB

Figure 5: Far-field Response of Antenna_1 at 0 .65362 GHz in
polar plotting
Figure 3: Orientation of Antenna_3
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three resonances are almost same whereas gain, directivity and
main lobe magnitude of last two resonant frequencies are better
than the first one. According to IEEE standard radar band(IEEE
Std. 521) first two resonant frequencies fall in L band, also 1.887
GHz can be used for LTE/GSM1800 communication systems and
the last one, 2.4736 GHz falls in S band, can also be used for
PCS/UMTS/WLAN/LTE2400
and
unlicensed
band
communications. Thus the application of this antenna can be in
the field of Global Positioning System, Digital Audio Radio
Satellite, Mobile Satellite Service Ancillary, Terrestrial
Components,
Direct-to-Home
satellite
television,
PCS/UMTS/WLAN/LTE2400
and
unlicensed
band
communication systems.

Figure 6: Far-field Response of Antenna_1 at 1.887 GHz in polar
plotting.

B. Simulation Results of Antenna_2
After running simulation on Antenna_2 with CST Microwave
Studio, it is found from the reflection coefficient of Antenna_2
that this antenna has four resonant frequencies i.e. antenna_2 is a
tetra band resonator. The four frequencies with maximum
resonances are: 0.65919 GHz, 1.8157 GHz, 1.9388 GHz and
2.5351 GHz. Figure 8 represents the reflection coefficient of
Antenna_2 obtained after simulation.
Table II depicts the results of S-parameters magnitudes, radiation
efficiency, gain, directivity and main lobe magnitude after
running simulation on Antenna_2. Figure 9-12 represents the Farfield of four resonating frequencies with maximum resonance of
Antenna_2.

Figure 7: Far-field Response of Antenna_1 at 2.4736 GHz in
polar plotting

Return Loss
(dB)

Radiation Efficiency
(%)

Gain
(dB)

Directivity (dBi)

0.65362
1.887
2.4736

-13.389
-16.031
-14.263

99.6
99
93.45

2.115
5.272
5.191

1.929
5.038
3.404

Main lobe magnitude
[Phi=0º]
(dB)

Frequency
(GHz)

According to Figure 5-7, the main lobe direction as well as
angular width of three different resonant frequencies of
Antenna_1 is not overlapping with each other i.e. Antenna_1 can
be operated at three different frequency bands successfully which
indicates that Antenna_1 is a triple band antenna.

2.1
5.1
5.1

Table I
Summarized Simulation Results of Antenna_1
The values of antenna parameters obtained after simulation is
enlisted in Table I. Return loss and radiation efficiency of all
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Figure 8: Reflection coefficient of Antenna_2 expressed in dB

Figure 9: Far-field Response of Antenna_2 at 0.65919 GHz in
polar plotting
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Figure 10: Far-field Response of Antenna_2 at 1.8157 GHz in
polar plotting

Frequency
(GHz)

Table II
Summarized Simulation Results of Antenna_2

0.65919
1.8157
1.9388
2.5351

-11.096
-18.542
-14.399
-26.619

97.85
99
97
85.91

2.205
4.895
5.401
4.960

1.948
4.791
5.370
5.610

2.0
4.8
5.1
5.0

The values of antenna parameters obtained after simulation is
enlisted in Table II. Return loss of 2.5351 GHz is better than
other three resonant frequencies whereas radiation efficiency of
first three resonant frequencies is better than 2.5351 GHz. Gain,
directivity and main lobe magnitude of 1.8157 GHz, 1.9388 GHz
and 2.5351 GHz is almost same and better than 0.65919 GHz
resonance. First three resonant frequencies of Antenna_2 fall in L
band (according to IEEE Std. 521) and can be used in the field of
Global Positioning System, Digital Audio Radio Satellite, Mobile
Satellite Service Ancillary, Terrestrial Components, Direct-toHome satellite television, and LTE/GSM1800 communication
systems. The last resonant frequency can be used in
PCS/UMTS/WLAN/LTE2400
and
unlicensed
band
communication systems.
Figure 11: Far-field Response of Antenna_2 at 1.9388 GHz in
polar plotting

C. Simulation Results of Antenna_3
After running simulation on Antenna_3 with CST Microwave
Studio, it is found from the reflection coefficient of Antenna_3
that this antenna has two resonant frequencies i.e. antenna_3 is a
dual band resonator. The two frequencies with maximum
resonances are: 0.70142 GHz and 1.8604 GHz. Figure 13
represents the reflection coefficient of Antenna_3 obtained after
simulation.

Figure 12: Far-field Response of Antenna_2 at 2.5351 GHz in
polar plotting
According to Figure 9-12, the main lobe direction as well as
angular width of four different resonant frequencies of
Antenna_2 is not overlapping with each other i.e. Antenna_2 can Figure 13: Reflection coefficient of Antenna_3 expressed in dB
be operated at four different frequency bands successfully which
Table III depicts the results of S-parameters magnitudes,
indicates that Antenna_2 is a tetra band antenna.
radiation efficiency, gain, directivity and main lobe magnitude

IJER@2014

Page 144

International Journal of Engineering Research

ISSN:2319-6890)(online),2347-5013(print)

Volume No.3, Issue No.3, pp : 141-145

01 March 2014

after running simulation on Antenna_3. Figure 14-15 represents band resonator with maximum -16 dB return loss but due to
the Far-field of two resonating frequencies with maximum insertion of conductor line in Antenna_1, it becomes a tetra band
resonance of Antenna_3.
resonator, Antenna_2 as well as the return loss improves up to 26 dB. Antenna_2 is able to operate in the LTE/GSM1800,
PCS/UMTS/WLAN/LTE2400, L band and S band. But with the
optimized dimension of the conductor line Antenna_2 becomes a
dual band resonator, Antenna_3. Antenna_3 has only two
resonating frequencies but one frequency has around -35 dB
return loss, which represents good characteristics of antenna.
Also one resonating frequency of Antenna_3 is 0.07142 GHz,
which makes the antenna to operate in the LTE700, along with
GSM/LTE1800 communication system. So the insertion of
conductor line enhances the performance of meander line
Figure 14: Far-field Response of Antenna_3 at 0.70142 GHz in antenna.
polar plotting
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Figure 15: Far-field Response of Antenna_3 at 1.8604 GHz in
polar plotting

Frequency
(GHz)

Return Loss
(dB)

Radiation
Efficiency
(%)

Gain
(dB)

Directivity
(dBi)

Main lobe
magnitude
[Phi=0º]
(dB)

Table III : Summarized Simulation Results of Antenna_3

0.70142

-10

94.16

2.217

2.021

2.2

1.8604

-35.802

99

5.247

5.073

4.4

The values of antenna parameters obtained after simulation is
enlisted in Table III. It can be stated that all antenna parameters
including return loss, radiation efficiency, gain, directivity and
main lobe magnitude are better in case of resonating frequency
1.8604 GHz, even 1.8604 GHz has least amount of return loss, 35 dB among all resonating frequencies of three proposed
antenna designs. Both resonating frequencies fall in L band
(according to IEEE Std. 521). 0.70142 GHz can be used in
LTE700 and 1.8604 GHz can be used in GSM/LTE1800
communication systems.

IV.

Conclusion

Considering all the results it can be concluded that the folded
meander line antenna with conductor line will provide better
performance. The first proposed antenna, Antenna_1 is a triple
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