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Small Broadband Antenna Composed of Dual-Meander
Folded Loop and Disk-Loaded Monopole
Wang-Ta Hsieh and Jean-Fu Kiang

Abstract—A small broadband antenna composed of a dual-meander
folded loop and a disk-loaded monopole is designed and measured.
Measurement results confirm a fractional bandwidth of 10.8% with the
voltage standing-wave ratio (VSWR) less than 2. The measured radiation
efficiency exceeds 65% over the whole band. This antenna has an omnidirectional radiation pattern of vertical polarization in the horizontal plane.
The ground plane size is also optimized to achieve the above radiation
characteristics.
Index Terms—Broadband, disk-loaded monopole, meander, small
antenna.

I. INTRODUCTION
With the raised demand for wireless devices, small antennas with
low profile, light weight and easy fabrication have been widely explored. As the antenna size decreases, its bandwidth tends to reduce
because of higher quality factor [1], rendering broadband characteristic
a challenging task. Different techniques have been used to reduce the
antenna size, including top loading element [2], folded meander-line
[3], multi-folded tapered monopole [4], inductive or capacitive loading
elements [5], [6]. Space-filling geometry has also been useful to reduce
antenna size [7]–[9]. When applying these miniaturization techniques,
the antenna efficiency usually degrades and the impedance bandwidth
also becomes narrower. Recently, bandwidth enhancement techniques
have been studied, including mode coupling between proximity elements [10], [11], adding vertical lines to a meander line [12], dual meander sleeves [13]–[15].
In [16], a 3-D meander dipole antenna with dimensions of =11 is
proposed, its fractional impedance bandwidth is about 2.5%. A small
spherical wire antenna with diameter of =5 has also been designed, its
fractional bandwidth is about 6.7%. In [17], a low-profile metamaterial
ring antenna with dimensions of =11 2 =11 2 =28 is proposed, its
fractional bandwidth is about 6.8% and its measured efficiency is about
54%.
In this work, a small antenna composed of a dual-meander folded
loop and a disk-loaded monopole is proposed. A wide impedance bandwidth is achieved by merging the resonant bands of the loop and the
monopole with proximity coupling. Design considerations and geometry of the proposed antenna are described in Section II, simulated and
measured results are presented and discussed in Sections III and IV,
followed by the conclusion.
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Fig. 1. Panoramic views of the proposed antenna from different looking angles.

II. DESIGN CONSIDERATIONS
Fig. 1 shows the panoramic views of the dual-meander folded loop
antenna and a disk-loaded monopole from two different looking angles.
The connection to the 50 coaxial cable and the disk-loaded monopole
can be seen in Fig. 1(b). Fig. 2(a) shows the layout of the unfolded
dual-meander loop, Fig. 2(b) and 2(c) show the side view and top view,
respectively, of the complete design.
The impedance bandwidth of a small antenna is roughly proportional
to 1=Q, where the Q factor of a small antenna with dimension a can
be estimated as [1]

Q'

1
(ka)3

which implies that a smaller antenna is endowed with a larger quality
factor. To increase the impedance bandwidth of a dual-meander folded
loop, a disk-loaded monopole is placed inside the former. A resonant
mode of the disk-loaded monopole is excited by properly adjusting the
gap width g between the disk and one surface of the dual meanders.
The resonant bands associated with the dual-meander and the diskloaded monopole, respectively, merge into one if the width of the square
disk, Ld , and the gap width g are properly adjusted. Note that larger Ld
gives a larger overlapping area between the disk and the dual-meander
strips, hence stronger capacitive coupling.
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Fig. 3. Measured (
) and simulated (
) reflection coefficients,
L = 20, L = 20, L = 19:8, G = 130, G = 110, a = 7:5, b = 1,
a = 5, a = 4:5, b = 4:7, d = 1, w = 2, g = 1, D = 1, L = 14:7, all
in mm.

Fig. 2. (a) Layout of unfolded dual meanders with five loops, (b) side view,
and (c) top view of proposed antenna.

From another point of view, the disk-loaded monople serves as a
parasitic element to the dual-meander loop. Over the band of interest
where two resonant bands merge, the electrical length of the dualmeander loop is about one wavelength. The disk-loaded monople is
coupled to an adjacent meander strip, effectively extending its electrical length to about one-quarter wavelength. Hence, the physical size
of the monopole plus the disk can be much shorter than one-quarter
wavelengths.
III. RESULTS AND DISCUSSIONS
Fig. 3 shows the measured and simulated reflection coefficients of
the proposed antenna using HFSS. The antenna takes a cubic space
of 20 2 20 2 19:8 mm3 , mounted on a 110 2 130 mm2 horizontal

Fig. 4. Simulated surface current distribution at (a) 1.445 GHz and
(b) 1.545 GHz.

ground plane. The center frequency is about 1.495 GHz, and the 10-dB
bandwidth is about 161 MHz, hence its fractional bandwidth is about
10.8%. The measurement and simulation results match fairly.
Fig. 4(a) and (b) show the side view of the simulated surface current
distribution at 1.445 and 1.545 GHz, respectively. The surface current
on the meander of the opposite side is the same due to symmetry. The
one-wavelength resonance of the dual-meander folded loop appears at
about 1.445 GHz. At 1.545 GHz, the quarter-wavelength resonance occurs, the current flows uniformly along the vertical part of the monopole
to the disk, then is capacitively coupled to the meander strips underneath, as shown in Fig. 4(b).
Fig. 5 shows the comparison of simulated reflection coefficients with
and without the disk-loaded monopole. In the absence of the disk-
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Fig. 5. Comparison of simulated reflection coefficients with (
without (

Fig. 6. Simulated reflection coefficients with different disk sizes,

:

: L = 14:2 mm, ( 1 ): L = 13:7 mm,
= 13:2 mm, other parameters are the same as in Fig. 3.

14 7 mm,

L

) and

) disk-loaded monopole, parameters are the same as in Fig. 3.

Fig. 7. Simulated reflection coefficients with different gaps between disk and
patch,
: g = 1 mm,
: g = 1:5 mm,
1
: g = 2 mm,

:
g = 2:5 mm, other parameters are the same as in Fig. 3.

:L =


:

loaded monopole, the fractional impedance bandwidth of the dual-meander folded loop is about 4.1%. In the presence of the disk-loaded
monopole, the impedance bandwidth is increased to 10.8%.
The total length of the dual-meander folded loop is 260 mm, about
0.82 wavelengths at its resonant frequency of 1.4 GHz. The total length
of the second resonant path is 43 mm, about 0.22 wavelengths at its
resonant frequency of 1.785 GHz, which is measured from the contact
point at the ground to the center of the disk, then to the edge of the
disk. As shown in Fig. 5, when these two parts are combined, the first
resonant frequency increases from 1.4 to 1.445 GHz and the second
mode decreases from 1.785 to 1.545 GHz. Such shifts can be explained
by the strong capacitive coupling between the disk and the meander
strips underneath. Similar concept of tight or strong coupling has also
been used to provide broad bandwidth in handset antennas [18].
Fig. 6 shows the simulated reflection coefficients versus the width of
the square disk, Ld . With a smaller Ld , the second mode is shifted to
a higher frequency because the capacitive coupling becomes less and
the effective length becomes shorter. Intended mode coupling can be
achieved by properly adjusting the value of Ld .
Fig. 7 shows the simulated reflection coefficients versus the gap
width g . The resonant frequency of the two modes moves farther apart
and the impedance matching become worse with increasing g . In this
design, we choose g = 1 mm.
Fig. 8 shows the measured and simulated radiation pattern at 1.495
GHz, which match reasonably well. The E pattern in the x 0 y plane

Fig. 8. Radiation pattern at 1.495 GHz: (a) x 0 y plane, (b) x 0 z plane,

:

: simulated E ,  : measured E , 2 : simulated
measured E ,
E , 10 dB per division on radials, all parameters are the same as in Fig. 3.

is nearly omnidirectional. The cross-polarization is about 10 dB lower
than the co-polarization. The measured peak gain is 0.7 dBi.
Fig. 9 shows the measured antenna gain which is positive over the
whole band. The gain is lower than that of conventional dipoles because
part of the currents along the folded lines flow in opposite direction, and
their radiated fields partially cancel each other. Fig. 10 shows the measured radiation efficiency of the proposed antenna exceeds 65% over
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Fig. 9. Measured antenna gain, other parameters are the same as in Fig. 3.
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Fig. 12. Simulated reflection coefficients with different ground plane sizes,
,
,
,
:
:
,
1

G = 130 G = 110 mm
G = 50 G = 50 mm
: G = 400, G = 400 mm, other parameters are the same as in Fig. 3

except the ground plane size.

Fig. 10. Measured total radiation efficiency, including impedance mismatch
effect, other parameters are the same as in Fig. 3.

E in the x z plane at 1.6 GHz with different ground plane
G = 130, G = 110 mm,
: G = 50, G = 50 mm,
: G = 400, G = 400mm, 10 dB per division on radials, all parameters

Fig. 13. Simulated
:
sizes,
1

0

are the same as in Fig. 3.

Fig. 11. Photograph of the proposed antenna beside a dime.

the whole band, which is obtained using the full 3-D pattern integration in the anechoic chamber of our laboratory.
Fig. 11 shows the photograph of the proposed antenna. Four paper
pads are inserted to make the structure rigid. A slight frequency shift
may be contributed by these paper pads.
IV. EFFECT OF GROUND PLANE SIZE
The effect of ground plane size on the antenna performance has been
analyzed. The bandwidth of the antenna with a larger ground plane, for
example, 400 mm 2 400 mm or 2 2 2, is about 13.8%, and the peak
gain appears at  = 45 . The bandwidth of the antenna with a smaller

ground plane, for example, 50 mm 2 50 mm or 0:25 2 0:25, is about
2.5%, and the peak gain appears at  = 90 .
With a smaller ground plane, it is difficult to tune the input impedances of the two resonant modes to 50 at the same time although the
impedance bandwidth with a larger ground plane is much wider than
that with a smaller one, the radiation pattern is not dipole-like and the
gain turns negative in the x 0 y plane.
An electrically small meander-line antenna of dimension 0:08 over
a finite ground plane of 0:71 2 0:71 is proposed in [19], the peak
gain appears at  = 45 . A dual-meander-line antenna of dimension
0:12 placed at the center of a 0:73 2 0:73 ground plane is proposed
in [20]. It seems that by nomenclature, a small antenna is referred to
the radiator itself, not concerning the size of the ground plane.
In summary, the ground plane does affect the radiation pattern significantly. The proposed antenna can be used for FM broadcasting if the
operating frequency is scaled down to 88–108 MHz. For FM broadcasting, the ground plane is usually implemented beneath the soil surface, hence only the structure above the ground is of more concern.
This antenna can also be installed in a wireless device with a vertical
ground plane. The bandwidth in terms of VSWR remains wide over
which the radiation pattern remains dipole-like.
In this design, the ground plane does affect the radiation pattern
and the input impedance. The ground plane size over the range from
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0:55 2 0:65 to 0:65 2 0:75 meets the three design goals: (1)
The radiation pattern is dipole-like with positive gain in the x 0 y
plane, (2) the antenna structure above the ground plane is smaller than
one-tenth of a wavelength, and (3) the 010 dB impedance bandwidth
is more than 10%. If the ground plane is smaller than 0:55 2 0:65,
the impedance matching becomes poor and the impedance bandwidth
is reduced. If the ground plane is larger than 0:65 2 0:75, the main
beam is steered toward  = 45 , violating the first design goal.
In this work, the ground plane size of 0:55 2 0:65 gives a broad
band in reflection coefficient and a dipole-like radiation pattern.
V. CONCLUSIONS
A small antenna with broad bandwidth has been designed and measured. Its dimension is about 0:1 2 0:1 2 0:098 and is mounted
on a horizontal ground plane size of 0:55 2 0:65 at the center frequency of 1.495 GHz, its fractional bandwidth is 10.8% with VSWR
of less than 2, its radiation pattern in the x 0 y plane is nearly omnidirectional. The ground plane size is optimized to meet the three design
goals: Dipole-like radiation pattern with positive gain in the x0y plane,
smaller than =10 of structure size above ground, and more than 10%
of impedance bandwidth. The measured radiation efficiency exceeds
65% over the whole band. The broadband performance is achieved
by proximity coupling between the dual-meander folded loop and the
disk-loaded monopole.
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Abstract—A simple new design method to achieve a dual band microstrip-fed slot antenna is presented. It is shown that when two slot
antennas are placed in series, the spacing between the two antennas can be
adjusted to achieve an effective secondary resonance. The new resonance
is found to be due to the mutual coupling between the two slot antennas.
An approximate circuit model for the dual band antenna is presented to
explain the dual band mechanism and to provide a design guideline. The
model is validated with a prototype antenna that operates at 4.22 GHz
and 5.26 GHz, which are commonly used as the downlink and uplink in
satellite communications. Measured results show good return loss at both
frequencies, and radiation patterns agree well with the simulations. The
proposed antenna has a simple geometry can be easily produced using
printed circuit board techniques for applications where compactness and
multiband operation are of interest.
Index Terms—Microstrip, multifrequency antennas, mutual coupling,
slot antennas.

I. INTRODUCTION
Slot antennas have appealing features such as low profile, low cost,
and ease of integration on planar or non-planar surfaces [1]. An example application is integrating slot antennas with solar panels of small
satellites to save surface real estate [1], [3]. While slot antennas are
valuable for space applications and self-powered ground sensors [4],
most designs are limited to single frequency operation. This communication presents a very simple design where one can achieve a dual
band antenna by utilizing coupling between two adjacent slots.
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