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Abstract 
 

This paper presents a compact planar monopole antenna 
that covers the operating frequency bands of LTE (0.7, 1.5, 
1.9 and 2.6 GHz), WiFi (2.4 GHz) and WLAN (4.9-5.8GHz). 
The proposed antenna is composed of two distinct structures, 
a tree-type and a multi-loaded meander-line type monopoles, 
separately situated on the two opposite sides of the substrate; 
the meander-line type monopole is configured with multiple 
sectional strip widths in order to create the multiple lower 
frequency bands; on the other hand, the tree-type monopole 
is built not only to produce the higher frequency bands, but 
also to act as a proximity coupling feed for the meander-line 
type radiator. The originality exhibits in this presented 
antenna is the combination of shaping meander-line 
structure and proximity coupled feeding mechanism for 
constructing a compact multi-band antenna. Both 
techniques enable us to reduce the antenna size and to 
simplify the multiband feeding network layout. The 
proposed antenna accompanied with several attractive 
characteristics makes itself particularly suitable to the 
modern integrated mobile wireless access applications.  

Index Terms —Multiband Antenna, LTE, WLAN, 
Proximity Coupling. 
 

1. INTRODUCTION 
 

Recently, the prevalence of mobile wireless radio 
applications demands the need to integrate the multiple wireless 
access standards such as LTE, Wireless LANs, and others into a 
mobile unit. As a result, the emerging requirements in the 
modern wireless access applications asks for the design of a 
compact multiband antenna that covers multiple frequency 
bands ranged from LTE-0.7GHz up to WLAN-5.9GHz. The 
design of multiband antenna has long been the subject of interest 
in the antenna advanced studies. Many related researches can be 
found in the public literatures, and some of them are listed in [1-
4] where, the topology in [1] is to use multi-branch structure, 
each branch is tuned corresponding to the resonant length of 
each frequency band, and conceivably a multiband antenna can 
be attained; In [2], they judiciously use the slots on the surface 
of a patch subtract to form multiple branches to achieve the 
multiple operating bands requirement; In [3-4], they configure 
the planar Inverted-F structure to form multiple branches 
corresponding to the multiple operating frequency bands. 
Another recognizable design approach has been the use of 
parasitic elements either to improve the antenna bandwidth or to 
excite additional frequency bands [4]. However, as the total 
integrated number of frequency bands increased, the feeding 

network becomes more complicated to tune or moreover fails to 
be matched. 

In this paper, a compact multiband planar monopole antenna 
is presented. The antenna is devised by utilizing a line shaping 
technique and a proximity coupling mechanism to effectively 
alleviate the degree of complexity in the design of planar 
multiband antenna and its corresponding broadband feeding 
network [5]. The architecture of the antenna contains a two-
branch tree-type planar monopole and a shaped meander-line 
type monopole. The two distinct monopoles are located at the 
two opposite sides of the substrate. The former monopole is 
built not only to generate the higher frequency bands of 2.4-
2.6GHz and 4.8-5.9GHz for LTE and WLAN standards, but also 
to act as a proximity-coupling feed for the later one. On the 
other hand, the meander-line type monopole is purposely 
structured with multiple sectional non-uniform strip widths to 
form as multiple loads in order to create the triple lower LTE 
frequency bands of 0.7, 1.5 and 1.9GHz. The antenna prototype 
was fabricated on the FR4 substrate with 39.5 mm x 15.9 mm in 
breadth and height. As demonstrated in the completed prototype, 
the proposed antenna accompanied with several attractive 
characteristics, including multiple operating frequency bands, 
simple in structure, small in size and omni-directional radiation 
pattern, lends itself particularly suitable to the integrated mobile 
wireless access applications. The antenna structure, the design 
topologies, the preliminary simulations, the fabricated prototype 
and the measurement results are given in the following sections 
respectively. 

 
2. ANTENNA STRUCTURE DESCRIPTION 

 
Fig. 1 and Table 1 give the geometrical layout and the 

corresponding physical dimensions of the proposed Multiband 
Planar Monopole Antenna. Where, the element colored in 
yellow depicts the two-branch dual band tree-type monopole 
and that colored in tawny gives the shaped multiband meander-
line type monopole. The two distinct monopoles are 
intentionally arranged and situated at the opposite side of the 
FR4 substrate. The tree-type radiator is fed by a typical 
microstrip line and is tuned to produce the WiFi frequency 
bands of 2.4-2.6GHz and WLAN 4.8-5.2GHz, while the 
meander-line type monopole is purposely constructed with 
multiple non-uniform strip width in order to generate the 
multiple LTE frequency bands of 0.7GHz, 1.5GHz, and 1.9GHz 
respectively. It should be noted that the tree-type monopole also 
plays the role of the proximity coupling feeding network for the 
shaped meander-line type monopole. The coupling gap between 
two monopoles is 1.66 mm which is the thickness of the FR4 
substrate. 
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Fig. 1. The antenna geometrical layout and physical parameters 
 

Table 1. The dimensions of the antenna physical parameters 
 

Para-
meter 

length 
(mm) 

Para-
meter 

length 
(mm) 

Para-
meter 

length 
(mm) 

A1 68 B1 35.2 C1 2 

A2 3 B2 12.8 C2 1.6 

A3 0.8 B3 15.9 C3 1.4 

A4 0.8 B4 12.8 C4 0.8 

A5 19.5 B5 7.7 C5 4 

A6 14.5 B6 1   

A7 39.5 B7 0.8   

A8 26 B8 1   

A9 5     

 
 

3. ANTENNA DESIGN AND SIMULATION 
 

The initial design of the proposed planar multiband antenna 
is described in this section. The preliminary performances with 
respect to each of the individual design parameters marked with 
indexes C's in the prototype layout (Fig. 1) have been analyzed 
and evaluated by using the Ansoft-HFSS electromagnetic 
simulation software. 

 
3.1 The two-branch tree-type monopole 
 

The two-branch tree-type monopole is purposely built for the 
frequency bands of 2.4GHz and 5.2GHz. Consequently, the 
corresponding branches can be experimentally lengthened with 
the lengths equivalent to the effective quarter wavelengths of the 
two specified frequency bands respectively on the FR4 substrate, 
However two parameters of C4 and C5 are used to tune the 

frequency band of 5.2GHz. As a result, as shown in Fig. 1 and 
Table 1, the two respective branch lengths are given by 15.9 mm 
and 9 mm.  In addition, a typical microstrip line is trimmed to 
match the impedance of the tree-type dual band monopole. The 
simulated reflection coefficient S11 of the ultimate two-branch 
tree-type monopole is shown in Fig. 2. As indicated in the 
simulation result the dual broadband of 2.4GHz and 5.2GHz 
have been achieved based on the -10dB S11 measurement. 

 

 
Fig. 2. The simulated S11 of tree-type monopole 

 
3.2 The shaped multiband meander-line monopole 
 

The meander-line structure is a well known approach to 
shorten the upright height of a resonant monopole antenna. 
Accordingly, in order to reduce the size of the planar antenna, a 
multi-winding meander-line monopole with 15 mm in upright 
height and 39.5 mm in width is constructed. However the total 
winding line length is given approximately to the effective 
quarter resonant wavelength of 0.7GHz on the FR4 substrate. 
Furthermore, as shown in Fig. 1, the constituent strip of the 
meander-line monopole has been shaped with different strip 
width so as to produce the additional resonant bands at 1.5GHz 
and 1.9GHz. Where, the combination of shaping and the 
proximity coupling techniques make it possible to create 
multiple discontinuities along the meander line, so as to produce 
multiple frequency bands in single line structure. The shaping 
parameters used in the meandering line in order to tune the 
desirable frequency bands include the strip widths C1 through C3; 
where C1 for band of 1.5GHz, C2 for band of 1.9GHz, C3 for 
band of 0.7GHz respectively. By the aid of software simulation, 
after a tedious optimization process, the tuning results with 
respect to the physical parameters are given in Fig. 3 (a), (b) and 
(c), and the ultimate strip widths are given by 2 mm, 1.6 mm, 
1.4 mm respectively. It is noted that the tree-type monopole in 
opposite side has been used as an excitation feed to the 
meander-line monopole and the proximity coupling mechanism 
does alleviate the degree of complexity in the broadband feeding 
network design.  

 
3.3 Antenna surface current distribution 
 
In order to evaluate the antenna radiation efficiency by using the 
proximity coupling mechanism, the surface current distributions 
on the shaping meander-line monopole with respective to the 
specified frequency bands have been further investigated. The 
simulated surface current distributions with respective to 
0.7GHz, 1.5GHz, 1.9GHz, 2.4 GHz and 5.2GHz are 
demonstrated in Fig. 4 and 5. As indicated in Fig. 4 (a), (b) and 
(c), a noticeable surface current has been induced on the shaped 
meander-line monopole, that is, a reasonable radiation efficiency  
has  been  achieve  by  using the  proximity coupling mechanism. 
However, the current distributions along the meander-line are 
different among the three frequency bands. Meanwhile, the 
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simulated surface current distributions with respective to 
2.4GHz and 5.2GHz are shown in Fig. 5 (a) and (b) respectively.  
By viewing the simulated current distributions at each of 
operating frequency bands, it can be stated that the proposed 
antenna structures could provide good performance in radiation 
efficiency and radiation gain as well. 

 

 
(a)                                            (b) 
 

 
(c) 

 
Fig. 3. The simulated S11 of meander-line monopole with 

parameters (a) C1 (1.5GHz), (b) C2 (1.9GHz) and 
 (c) C3 (0.7GHz) 

 
 

 
(a)                                         (b) 

 
(c) 

 

Fig. 4. The simulated surface current distribution at 
(a) 0.7GHz, (b) 1.5GHz, (c) 1.9GHz 

 

 
(a)                             (b) 

 
Fig. 5. The simulated surface current distribution at 

(a) 2.4GHz, (b) 5.2GHz 
4. ANTENNA MANUFACTURE AND MEASUREMENT 

 

The prototype of Multiband Planar Monopole Antenna has 
been fabricated on a FR4 substrate and the complete is shown in 
Fig. 6, where, the substrate has 35 mm×68 mm in dimension, 
1.6 mm in thickness, 4.4 in dielectric constant and 0.02 in loss 
tangent. The measurements of reflection coefficient, radiation 
pattern and radiation gain of the complete monopole antenna are 
given in the following subsections. 

 

 
(a)                                             (b) 

 
Fig. 6. The fabricated prototype antenna shown in two opposite 

sides, (a) front view, (b) back view 
 

4.1 Antenna S11 and Measurement and Comparison 
 

   The measured antenna reflection coefficient S11, and the 
corresponding operating frequency bands with respective to 
various mobile wireless access standards are shown in Fig. 7. It 
is noted that there exists an acceptable agreement between 
simulation and measurement results at the antenna S11 
performance. Furthermore, the measured antenna radiation gains 
with respect to various operating frequencies are summarized in 
Table 2. The results are compatible to the various mobile 
wireless access standard requirements. 

 

 
 

Fig. 7. The measured and simulated antenna S11 and the 
corresponding wireless access standards 

 
Table 2. The measured antenna radiation gain 

 

Frequency Peak Gain 

0.7GHz 1.873dBi 
1.5GHz 1.746dBi 
1.9GHz 2.914dBi 
2.4GHz 1.014dBi 
5.2GHz 2.592dBi 

4.2. Radiation Pattern Measurement 
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The measured antenna radiation patterns with respective to 
each of the frequency bands of 0.7GHz, 1.5GHz, 1.9GHz, 
2.4GHz and 5.2GHz are given in Fig. 8, 9, 10, 11 and 12 
respectively; where both y-z and x-z planes are included. By 
observing from the antenna pattern measurement results, it 
indicated that the radiation patterns in y-z plane exhibit the 
characteristic of nearly omni-directional in most of the 
frequency bands and, that are compatible to the requirement of 
the mobile wireless radio access applications. However, it 
should be noted that the radiation pattern at frequency band of 
1.5GHz exhibits undesirable notch at rightward direction. By 
analyzing the corresponding current distribution, it found that 
the consequence has been resulted from the blockage caused by 
the tree-type monopole. As a result, it is believed that the defect 
of the radiation pattern at 1.5GHz can be improved by further 
adjusting the structure of the tree-type radiator.  

 

 
   (a)                                 (b) 

 
Fig. 8. The measured radiation pattern at 0.7GHz 

(a) y-z plane and (b) x-z plane 
 

 
     (a)                                (b) 

 
Fig. 9. The measured radiation pattern at 1.5GHz 

(a) y-z plane and (b) x-z plane 
 

 
    (a)                                (b) 

 
Fig. 10. The simulated radiation pattern at 1.9GHz  

(a) y-z plane and (b) x-z plane 
 

 
      (a)                                 (b) 

 
Fig. 11. The measured radiation pattern at 2.4GHz  

(a) y-z plane and (b) x-z plane 
 

 
       (a)                                (b) 

Fig. 12. The measured radiation pattern at 5.2GHz 
(a) yz plane and (b) xz plane 

 
5. CONCLUSION 

 
A compact proximity-coupling Multiband Planar Antenna 

has been successfully constructed for modern integrated mobile 
broadband wireless access applications. Several astute design 
approaches have been exploited and applied, where, the creative 
shaping technique that enables us to produce multiple resonant 
frequencies in single line can be valuable. The prospective study 
that follows after this creation is to implement an isolation 
mechanism between the multiband meander-line monopole to 
form a Multiple-In-Multiple-Out (MIMO) antenna for the 
upcoming radio access system applications. 
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