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New Adjustable Slot Meander Patch Antenna
for 4G Handheld Devices

Nassrin Ibrahim Mohamed Elamin, Tharek Abd Rahman, and Amuda Yusuf Abdulrahman

Abstract—Two different antennas constructed using a new
concept, the slot meander patch (SMP) design, are presented
in this study. SMP antennas are designed for fourth-generation
long-term evolution (4G LTE) handheld devices. These antennas
are used for different target specifications: LTE-Time Division
Duplex and LTE-Frequency Division Duplex (LTE TDD and LTE
FDD). The first antenna is designed to operate in a wideband of
1.68–3.88 GHz to cover eight LTE TDD application frequency
bands. Investigations have shown that the antenna designed with
unequal meander widths has a higher efficiency compared to its
equivalent antenna design with equal meander widths. The second
antenna was configured as a multiband SMP antenna, which
operates at three distinct frequency bands (0.5–0.75, 1.1–2.7, and
3.3–3.9 GHz), to cover eight LTE FDD application bands including
the lowest and the highest bands. There is a good agreement be-
tween the measurement and simulation results for both antennas.
Moreover, parametric studies have been carried out to investigate
the flexible multiband antenna. Results have shown that the band-
widths can be improved through adjusting the meander widths
without changing the SMP length and all other parameters.

Index Terms—LTE antenna, LTE-FDD frequency bands,
LTE-TDD frequency bands, slot meander patch.

I. INTRODUCTION

T HE SOLUTION to the next-generation user equipment
antennas is either a wideband or multiband antenna de-

sign [1]. Two possible designs are presented in this letter using
the slot meander patch (SMP) antenna design. The first design
operates as a wideband antenna, covering eight Long Term Evo-
lution time division duplex (LTE TDD) application frequency
bands; while the second one is an SMP multiband antenna, op-
erating at three separate frequency bands. The adjustable SMP
antenna, as shown in Fig. 1(a), can be set by adjusting such pa-
rameters as slot width, radiator width, meander magnitude (an-
tenna length), and antenna meander widths.

II. WIDEBAND SMP ANTENNA

The conventional meander-line antennas are typically distin-
guished by a wide bandwidth (BW), compared to other small
monopole antenna alternatives [2], [3]. For instance in [4], a BW
of 910 MHz has been achieved in a LTE mobile phone antenna
with a size of 200 44 mm . The BW can further be improved
by constructing narrow parallel slots over a meander patch. The

Manuscript received June 28, 2013; accepted August 25, 2013. Date of pub-
lication September 04, 2013; date of current version September 13, 2013.
The authors are with the Wireless Communication Centre (WCC), Electrical

Engineering (FKE), Universiti Teknologi Malaysia, 81300 Johor Bahru,
Malaysia (e-mail: nisreenalameen@gmail.com).
Color versions of one or more of the figures in this letter are available online

at http://ieeexplore.ieee.org.
Digital Object Identifier 10.1109/LAWP.2013.2280029

Fig. 1. (a) Geometry of the slot meander radiator. (b) Front view and CPW
dimensions. (c) Back view of the simulated wideband antenna.

matching impedance BW can be improved by the generated par-
allel meander lines and capacities in between. A wideband SMP
antenna is introduced in this letter for improving the conven-
tional meander-line antennas’ BW to 2.2 GHz, with a size of
100 35 mm and BW ratio of 79%.

A. Wideband SMP Antenna Design

The proposed wideband antenna (Fig. 1) is designed on two
surfaces of a low-cost FR-4 substrate (relative permittivity
, loss tangent , and thickness of 1.6 mm). The an-

tenna’s size (L W H) is 100 35 1.635 mm . The main
radiator is a simple printed planar meander patch slotted with
two parallel continuous meander slots, and , with a width
of 1 mm. The slots serve to distribute the meander patch to three
parallel meander lines connected at the edges. Three lines ex-
tend over the antenna’s back side with zero meander magnitude.
This is aimed at shortening the main radiator to the coplanar
waveguide (CPW) design’s ground plane. The meander wire
antenna invented in [5] was tested by varying such design vari-
ables as the number of sections per wavelength and antenna
reduction ratio . Note that , where and are the
reduced length after meander and overall wire length, respec-
tively. It was found that the antenna performances were im-
proved by decreasing the value of . However, resonant resis-
tance and BW decrease as decreases. Therefore, in most of
the recently published research works, two-section designs were
proposed for print planar meander-line antenna designs [4], [6].
Consequently, the proposed design has two sections per wave-
length as shown in Fig. 1(a). The section length (m)
is 18 mm, which is equivalent to 0.1 of 1.68 GHz (the lowest
frequency). The optimized design parameters of the proposed
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Fig. 2. Optimized model of the fabricated antenna: (a) face view and (b) back
view.

Fig. 3. Simulated and measured -parameters for the wideband SMP antenna.

TABLE I
DESIGN PARAMETERS FOR THE WIDEBAND SMP ANTENNA ELEMENTS

(UNITS: MILLIMETERS)

SMP wideband antenna’ elements are shown in Fig. 1(b) and
(c) and detailed in Table I.

B. Experimental Results of Wideband SMP Antenna

The proposed SMP wideband antenna was simulated using
CST Microwave Studio software, while the Agilent Technolo-
gies vector network analyzer E5071C was used for measuring
the fabricated antenna’s return loss. There is good agreement be-
tween the simulation and measurement results. The fabricated
antenna prototype is shown in Fig. 2, while both measured and
simulated return losses are shown in Fig. 3. Note that the BW
definition of 3:1VSWR ( 6 dB return loss) is widely used as the
design specifications of hand user equipment antennas [7], [8].
As shown in Table II, the proposed design can match the eight
LTE TDD application frequency bands. Fig. 4 has also shown
that it is possible to achieve efficiency greater than 50%. The
antenna efficiency was computed as follows:

(1)

where and are the measured gain in decibels and reflec-
tion coefficient, respectively; while the directivity ( ) was com-
puted using the radiation intensity. There is good agreement

Fig. 4. Measured efficiency and gain of the SMP wideband antenna.

Fig. 5. Proposed SMP wideband antenna’s measured and simulated
(a) E-planes and (b) H-planes.

TABLE II
WIDEBAND SMP ANTENNA SPECTRUM

between measured and simulated E- and H-planes for the pro-
posed antenna, as shown in Fig. 5.

C. Comparison Between Equal and Unequal Meander Widths

The proposed wideband SMP antenna has unequal me-
ander widths, contrary to the conventional meander-line
antennas which are typically designed to have equal me-
ander widths [2], [4], [6]. The two different designs (equal
and unequal meander widths) are compared in this section.
The two have similar lengths ( mm where

), with all other parameters being identical,
with the exception of meander widths. This study has revealed
that the two designs (herein compared) have slightly different
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Fig. 6. Comparison between simulated -parameters of equal and unequal me-
ander designs.

Fig. 7. (a) Comparison between simulated efficiencies of the equal and unequal
meander designs. (b), (c) Simulated 3.4-GHz radiation pattern showing the ef-
ficiencies in equal and unequal meander respectively (31% and 67%).

matched frequency BWs, as shown in Fig. 6. The antenna’s
efficiency is reduced in equal meander design, compared to its
counterpart unequal meander design, as shown in Fig. 7(a) and
(b). This is due to adjustment of meander widths, in which the
antenna’s radiation characteristics are affected by the amount
of generated electrical capacities within distances (where

).

III. MULTIBAND SMP ANTENNA

Multiband antennas can be constructed by creating slots
over patch antennas [3]. Therefore, an SMP multiband an-
tenna (Fig. 8) is introduced in order to show the electrical and
mechanical flexibilities of the proposed SMP design. This is
possible, as the matched impedance BW can be altered by the
amount of generated capacity within distances , by adjusting
meander widths and magnitude. The second slot meander an-
tenna is adjusted as a multiband antenna that operates at three
distinct frequency bands (0.5–0.75, 1.1–2.7, and 3.3–3.9 GHz),
thus covering the eight LTE FDD bands, as shown in Table III
and Fig. 9.

Fig. 8. (a) Simulated antenna and (b) prototype of fabricated SMP multiband
antenna.

Fig. 9. Simulated and measured -parameters of proposed wideband SMP an-
tenna (NB: the antenna matches three distinct bands).

TABLE III
MULTIBAND SMP ANTENNA COVERED BANDS CONCEPT

A. Multiband SMP Antenna Design

The SMP multiband antenna can match three distinct fre-
quency bands by adjusting the slot antenna’s meander widths
( ) to mm, mm, mm,

mm, mm, mm, mm,
and mm. Next, the meander magnitude is adjusted to
15 mm, which is 0.025 of the multiband antenna lower fre-
quency (0.5 GHz), while the SMP multiband antenna dimen-
sions are 80 60 mm .

B. Experimental Results and Discussions

The SMP multiband antenna was also simulated using CST
Microwave Studio software. When compared, there is good
agreement between the simulated and measured return losses,
as shown in Fig. 9. Three distinct frequency bands (0.5–0.75,
1.1–2.7, and 3.3–3.9 GHz) were obtained, as also shown in
Fig. 9. The antenna’s measured efficiency and gain are shown
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Fig. 10. SMP multiband antenna’s measured efficiency and gain.

Fig. 11. SMP antenna’s measured and simulated three distinct bands.
(a) E-planes and (b) H-planes.

Fig. 12. Simulated -parameters for improving the covered BWs.

in Fig. 10, while the simulated and measured radiation pattern
characteristics are shown in Fig. 11.

C. Meander Widths Adjustment for BW Improvement

The SMP multiband antenna design also has unequal me-
ander widths. The equal meander width and unequal meander
width multiband designs are compared in this section. The
two designs have similar lengths, with all other parameters
also being identical, except the meander widths. It has been
shown in this study that the matched frequency BWs can be
improved only by adjusting the meander widths, while keeping

Fig. 13. Geometry of the multiband SMP antenna (a) simulated unequal me-
ander design and (b) equal meander design.

SMP length and all other parameters unaltered. This showed
the electrical and mechanical flexibilities of the proposed SMP
design. The simulated return losses for equal meander and its
counterpart unequal meander designs are shown in Fig. 12,
while the geometry of multiband SMP antenna are is shown in
Fig. 13(a) and (b) for simulated unequal meander design and
equal meander design, respectively.

IV. CONCLUSION

The proposed multiband SMP antennas have been simulated,
fabricated, and tested; there is good agreement between themea-
surement and simulation results. The slot designs over the me-
ander patch show wide BW of greater than 2 GHz. The SMP an-
tenna designed with unequal meander widths shows an increase
in radiation efficiency compared to its counterpart design using
equal meander widths. Therefore, the proposed SMP wideband
antenna seems to offer significant improvements (higher BW
and increased radiation efficiency), compared to the conven-
tional meander-line antennas. Moreover, the SMP antenna is
both electrically and mechanically flexible, and therefore its
matched frequency BWs of the SMP multiband antenna can
be improved only by adjusting the meander widths, without al-
tering either SMP length or any other parameters.
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