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A Small Monopole Antenna with Novel Impedance Matching Structure

M2 QAL A L2E 7R 43 ZxZ gy

Dong-Jin Kim - Kyeong-Sik Min

45074

Abstract

A small monopole antenna with a novel impedance matching structure is proposed in this paper. The proposed
antenna is designed for W-LAN(IEEE 802.11b). The antenna design concept is based on a M8 folded monopole antenna
with a self-impedance matching structure. The size of the proposed antenna is smaller than the resonant length, thus
the impedance at the terminal of the antenna becomes very capacitive. To compensate for this impedance mismatching,
the proposed antenna employs a novel self-impedance matching structure. The self-impedance matching structure is
located on the top of the antenna; it improves the impedance matching and ultimately the efficiency of the antenna.
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The measured results of the proposed antenna show reasonable agreement with prediction.
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T. Introduction

The demand for smaller communication devices for
personal communication systems has led to a consi-
derable amount of research into methods of reducing
the personal devices used for radio communications.
Because of the recent trend toward their miniaturization,
it is necessary to develop circuits, chips and antennas
for mobile devices. Especially, miniaturization is very
much required for antenna devices, since they occupy a

large space in mobile handy terminals, However, the
wavelength does not decrease with the same speed as
the size of the mobile phones due to the higher fre-
quency bands used". Even a quarter wavelength an-
tenna, such as the planar monopole antenna, tends to
become too large, thus creating a demand to decrease
the size of the antenna.

Size reduction can be accomplished simply by sh-
ortening the antenna or using high permittivity dielectric
substrates, etc. 0] However, at lengths shorter than the
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resonant length, the radiation resistance changes, and
the impedance at the terminals of the antenna become
reactive. The latter can be compensated for by the
self-impedance matching structure which is proposed in
this research. The self-impedance matching structure is
employed for the cancellation of the capacitance, thus it
improves the impedance matching and the efficiency of
the antenna'’. In this research, we designed an antenna
for the W-LAN band. Therefore, we assumed that the
proposed antenna operates according to IEEE 802.11b
(24~2.484 GHz) and it satisfies the IEEE 802.11b
frequency band with a VSWR of less than 2. We expect
the antenna to show omni-directional radiation patterns
in all frequency bands.

In recent years, almost mobile devices designed for
W-LAN employ A/4 antennas'”. However it is ne-
cessary to considerably reduce the antenna size due to
the recent trend toward mobile devices with a smaller
size. Thus, we propose a planar monopole antenna with
a length of A/8 in this research. Not only did we
attempt to reduce the size of the antenna, but we also
investigated the possibility of reducing the size of the
ground plane for practical usage. We assumed that the
proposed monopole antenna has a ground plane with a
width smaller than A/4 for its adoption in mobile
devices. In this research, an FR4( &,=4.4, thickness=]
mm) dielectric substrate is used for the antenna design
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Fig. 1. A typical A/8 wavelength folded monopole an-
tenna and its return loss.

due to its low price and reasonable permittivity con-
stant.

II. Antenna Design Process

Fig. 1 shows the folded monopole antenna with a
length of A/8. The total length of the folded monopole
antenna is about A/4, and it shows the resonant phe-
nomenon at around 2~3 GHz. However, as shown in
Fig. 2, the impedance of the antenna shows highly.
capacitive characteristics at the design frequency. Thus,
we need to compensate for these capacitive charac-
teristics by using some impedance matching methods.
Therefore, we introduce a novel method of achieving
effective impedance matching at the terminal of the
antenna. As is well known, in general, the input im-
pedance of small antennas smaller than A/4 is very
capacitive, so we must find an effective matching me-
thod for the compensation of the capacitive reactance on
the antenna structure.

The antenna used in this research shows highly
capacitive characteristics(Figs. 1 and 2), thus an in-
ductive matching method is employed, as shown in the
equivalent circuit in Fig. 3(b). Fig. 4 shows the antenna
structure with the inductive line for impedance matching
and its impedance characteristic. Through the effect of
the inductive line on the top of the antenna, the capa-
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Fig. 2. The impedance characteristic of the typical A/8
wavelength folded monopole antenna.
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(a) A general equivalent (b) The equivalent circuit of
circuit for small ante- the small antenna proposed
nnas in this paper.

Fig. 3. Equivalent circuits of the small antennas.

citive imaginary part of the antenna impedance is con-
siderably reduced. However, the antenna still shows
capacitive characteristics, so it is necessary to reduce
the capacitive imaginary part of the antenna impedance.
For better impedance matching, as an application of the
structure shown in Fig. 4, the symmetrical inductive
meander line on the top of the folded monopole
structure in Fig. 5 is considered. Fig. 5 shows the pro-
posed symmetrical antenna structure designed to im-
prove the impedance matching. Figs. 6 and 7 show the
return loss and impedance characteristic of the proposed
antenna structure, respectively. Table 1 shows the op-
timized parameters of the proposed antenna.
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Fig. 4. The A/8 wavelength folded monopole antenna
with inductive matching line and its impe-
dance characteristic.

Table 1. Parameters for the proposed antenna struc-
ture(Fig. 5)(unit: mm).

L L, Ls W W2 W

115 12 36 1 2 18

830

(a) Top view (b) 3D view

Fig. 5. The configuration of the proposed A/8 sym-
metrical folded monopole antenna with induc-
tive matching lines.
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Fig. 6. The return loss of the proposed A/8 symme-
trical folded monopole antenna with inductive
matching lines.

As shown in Fig. 6, the antenna return loss shows
dual resonances at 2.4 GHz and 3 GHz, respectively.
These two resonance frequencies are close to each
other, so the antenna return loss shows broad bandwidth
characteristics from 2 GHz to 3.25 GHz at a VSWR of
less than 2. The bandwidth of the antenna is more than
47 % about the center frequency under the design
conditions(2.4 ~2.484 GHz). The broad bandwidth cha-
racteristic of the proposed antenna is based on the
antenna structure, and is explained in Fig. 8.

In Fig. 8, the reason for the dual resonance can be
clearly seen. According to the curmrent paths at each
frequency, the inductive lines on the top of the antenna
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Fig. 7. The impedance characteristic of the proposed
A/8 symmetrical folded monopole antenna
with inductive matching lines.

(a) 24 GHz

(b) 3 GHz

Fig. 8. Current paths for each resonance frequency of
the proposed A/8 symmetrical folded monopo-
le antenna with inductive matching lines.

operate as the impedance matching structure for both
low and high resonance frequencies and, as shown in
Fig. 8, the antenna structure is constructed for dual
resonance. Thus, the impedance matching structure su-
ccessfully matches the antenna impedance for both low
and high resonance frequencies; therefore the perfor-
mance of the proposed antenna is very good for broad
bandwidth operation.

Fig. 9 shows the radiation patterns of the proposed
antenna at each resonance frequency. The E-plane and
H-plane of the antenna radiation patterns are similar to
the typical monopole antenna radiation patterns, even
though the antenna structure is remarkably smaller than
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Fig. 9. Radiation patterns of the proposed A/8 sym-
metrical folded monopole antenna with induc-
tive matching lines at the resonance frequen-
cies.

that of a typical monopole antenna. The calculated
antenna gains at 2.4 GHz and 2.7 GHz are 2.62 dBi and
2.9 dBi, respectively, which is reasonable results com-
pared with the typical A/4 monopole antenna gain,
These reasonable radiation patterns and antenna gains
are realized by the good impedance matching with the

inductive lines on the top of the antenna.

M. Experimental Results

In this paper, a A/8 wavelength folded monopole
antenna with a self-impedance matching structure is
presented. We suggested a novel method of developing
an antenna impedance matching structure using the
inductive lines on the top of the antenna; it allows for
the effective compensation of the capacitive charac-
teristics of the antenna.

Figs. 10 and 11 show the measured return loss and
antenna radiation patterns of the fabricated antenna.
Although the measured return loss is slightly different
from the simulated one, the measurement and fabri-
cation errors, these two values show reasonable agree-
ment. The measured radiation patterns of the fabricated
antenna correspond to those of a typical dipole antenna
and the measured antenna gain is —0.3~1 dBi in the
resonance frequency bands. The antenna radiation effi-
ciency was examined by using the Wheeler-Cap me-
thod®, and was about 95~99 % in the 2~3 GHz
bands(Fig. 12).
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Fig. 10. Measured return loss of the fabricated ante-
nna proposed in this research.
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(b) H-plane

Fig. 11. Measured antenna radiation patterns of the
fabricated antenna proposed in this research.

IV. Conclusion

The proposed antenna shows good performance for
the W-LAN band and it can operate well above the
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Fig. 12. Measured antenna radiation efficiency of the
fabricated antenna proposed in this research
obtained using the Wheeler-Cap method.

W-LAN band, due to its dual resonance characteristic
afforded by the antenna structure. The radiation patterns
and gain of the antenna show reasonable results, in spite
of its remarkably small structure. Although the proposed
antenna has a size of A/8, it shows omni-directional
radiation patterns and high gain of about 2.6~3 dBi in
the 2~3 GHz frequency band. This antenna with novel
structure shows the broadband width of above 40 % and
the antenna radiation efficiency of above 95 %. Due to
its small size and good performance, we expect that the
proposed antenna will be applied to mobile handy ter-
minals such as PDA and laptop computers.
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