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Optimum Design of the
Printed Strip Monopole

M. J. Ammann and M. John

Centre for Telecommunications Value-Chain Driven Research, School of Electronic & Communications Engineering
Dublin Institute of Technology, Kevin $t. Dublin 8, Ireland
E-mail: mammann@electronics.dit.ie

Abstract

A monopole antenna, printed on low-cost laminate and fed by a microstrip line, is examined. These types of antennas are
becoming popular in view of their broad bandwidth and low-profile structure, enabling easy integration as a terminal antenna.
The move away from a classical ground plane (with normal radiator) is one of the attractive features of these antennas, but
the full effects of the radiator and ground plane being on opposite sides of the same laminate are often not investigated. The
effect of these ground planes on the impedance bandwidth and radiation pattern is investigated experimentally and

numerically.

Keywords: Microstrip antennas; monopole antennas; antenna measurements; ground plane

1. introduction

he monopole antenna is an attractive antenna for modern

communications systems, due to its simplicity, broad
bandwidth, and gquasi-omnidirectional radiation properties. The
planar monopole has a considerably larger bandwidth, and has
made the monopole more attractive for wideband wireless commu-
nications [1, 2]. However, the ground-plane size and orientation
with respect to the radiator can place physical limitations on the
use of such antennas. In recent years, there has been a move
toward the printed-monopole type of antenna, with the ground
plane printed on the same substrate, parallel to the radiator [3, 4].
This has made the antenna low in profile, low in volume, easier to
fabricate, and suitabie for integration into the circuit board as a
terminal antenna. Many of these microstrip-fed monopole-style
antennas have since been reported, such as the inverted-F antenna,
and many are multi-band structures [5-7]. Multiple-¢lement mono-
poles for diversity have been reported [8], and fractal techniques
have been employed [9]. The dependence of these antenna types
on the ground-plane dimensions is often not fully considered. This
dependence can be more easily observed when a simple element,
such as a strip monopole, is investigated. For this purpose, a strip
monopole was fabricated symmetrically with respect to the ground
plane, and fed by a straight microstrip line. In practice, the strip
may not be symmetrically located, and it may be fed by a micro-
strip line that is partially at right angles to the strip.

2. Antenna Construction and Modeling

The monopole was printed on one side of an FR4 substrate,
and the ground plane was located on the opposite side. The
antenna was fed by a 50 Q microstrip line, of width w=2.4mm.
This line extended above the ground plane by a length / =30 mm
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Figure 1. The geometry of the printed strip monopole, showing
the coordinate system.
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Figure 2. A photograph of the antennas with different ground-
plane sizes,

0 -~ simulated
- megsured

¥

el

L
o
|
—"'
A

S11 (dB)
&

[
L]
[
[}
)
Y
A
[}
]
|

T

1 2 3 4 5 6 7 8 9 10
Frequency (GHz)

Figure 3. The measured and stmulated return loss as a function
of frequency for the strip monopole with a ground-plane size of

70 % 70 mm,

-O-simulated —% measured

1.2y
11
08+t

06

BW (GHz)

0.4

0.2}

[s] X SIS | I 1 a1 Il K

O 20 40 60 80 100 120 140 160 180 200
Groundplane size (mm)

Figure 4. The measured and simulated impedance bandwidth
(10 dB return loss) for the first resonance, plotted against the
ground-plane size.
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Figure 5a. The radiation patterns for the xy plane for ground-
plane sizes of 50 x 50 mm, 80 x 80 mm, and 140 x 140 mm.
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Figure 5b. The radiation paiterns for the xz plane for ground-
plane sizes of 50 x 50 mm, 80 x 80 mm, and 140 * 140 mm,
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Figure 5S¢, The radiation patterns for the yz plane for ground-
piane sizes of 50 x 50 mm, 80 % 80 mm, and 140 % 140 mm.
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{0.24y at 2 GHz), The ground plane was square, with dimensions
lg X Wg, which were varied from 30 x 30 mm to 160 x 160 mm,

The antenna was fed using an SMA microstrip connector. The
antenna and coordinate system are shown in Figure 1. The sub-
strate parameters were | o0z/sq. fi. EDC, tand =002, £, =43,

and t=1.6 mm. For all ground-plane sizes, the substrate extended
10 mm above the monopole, i.e., [, =/ +Ig +10mm. The antennas

were fabricated on a LPKF protomat milling unit. A photograph is
shown in Figure 2,

The modeling technique employed was finite-integration
time-domain (CST Microwave Studio), which produced good
agreement with experimental data. A waveguide port was
employed, and the number of mesh cells was 40,565.

3. Impedance Bandwidth

The return loss was measured on a Rohde & Schwarz ZVB
vector network analyzer, and then compared with simulation for
the full range of ground-plane sizes. The 10 dB-return-loss band-
width for the first resonance was compared in each case. A plot of
the measured and simuiated return losses as a function of fre-
quency for a ground plane size of 70 x 70 mm is shown in Fig-
ure 3. A comparison of simulated and measured bandwidth plotted
against ground-plane size is shown in Figure 4. It can be seen that
the agreement was good, and that the measured bandwidth had
maximum values for ground-plane sizes of 50 mm (45 mm simu-
lated) and 140 mm (measured and simulated). It could be observed
that the bandwidth fell sharply as the ground-plane size deviates
from 50 mm. This was due to the presence of ground-plane reso-
nant modes. Hence, the ground-piane size must be chosen based on
the bandwidth requirement. For the 50 x 50 mm ground plane, the
measured bandwidth was 1.05 GHz, which represented a fractional
impedance bandwidth of 58%.

4. Radiation Patterns

The simulated radiation efficiency for a 50 mm ground plane
was found to be 93% at 2 GHz. The use of FR4 did not reduce the
maximum gain by more that 0.3 dB at this frequency, compared to
a low-loss microwave laminate.

The radiation patterns were simulated using CST, and are
illustrated in Figure 5. The patterns are shown for ground-plane
sizes of 50 mm, 80 mm, and 140 mm, representing the sizes corre-
sponding to the maximum and minimum impedance bandwidths
(sce Figure4). The H-plane (Eg, 8 =90°) patterns were
omnidirectional for the small (50 mm) ground plane, but it can be
seen that the gain dropped considerably normal to the ground plane
(for ¢ =0° and 180°} as the ground-plane size increased. For a
ground plane of 140 mm, the gain fell by about § dB in these
directions. This was due to distortion of the image, because the
image was ¢ dependent. The E-plane patterns were seen to be
more dipole-like than classical monopoles above finite ground
planes. The patterns for the Eg, # =0° and Ep, ¢ =90° planes (xz
and yz) are shown in Figures 5b and 5c. The generally exhibited
more radiation below the ground plane than above for all ground-
planc sizes. It can be seen that the maximum gain was about
3.0 dBi, which was stable with frequency (£1dB) over the imped-
ance bandwidth of the antenna.
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5. Conclusion

It was observed that the impedance bandwidth for a printed
monopole was strongly dependent on the ground-plane size.
Hence, in an ideal situation, the ground-plane size should be ¢ho-
sen based on bandwidth requirements. The radiation pattern
exhibited omnidirectional features in the H plane for smaller
ground-plane sizes, with an increased loss of omnidirectionality as
the ground-plane size increased. The E-plane pattern exhibited
increased energy below the ground plane compared with classical
ground-plane arrangements.
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Ideas for Antenna Desigher's Notebook

Ideas are needed for future issues of the Antenna Designer’s
Notebook. Please send your suggestions to Tom Milligan and
they will be considered for publication as quickly as possible.
Topics can include antenna design tips, equations, nomographs,
or shortcuts, as well as ideas to improve or facilitate
measurements. ¢
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