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ABSTRACT: We propose an electrically small antenna that achieves

broad bandwidth with small antenna size. This antenna is composed of a
hemispherical disk-loaded monopole and a hemispherically wound helix
to maximize the disk loading effect and the electromagnetic coupling

between the two radiating elements in a given space. The fabricated
antenna is 10.7 cm in size (kr ¼ 0.449) and exhibits a measured �3 dB

bandwidth of about 30% for a center frequency of 200 MHz. The
antenna also achieves a radiation efficiency of over 85% and a
transmission loss similar to that of a conventional k/4 monopole, despite

the fact that size of the antenna is about 30% that of the k/4
monopole. VC 2010 Wiley Periodicals, Inc. Microwave Opt Technol Lett

52: 1369–1372, 2010; Published online in Wiley InterScience

(www.interscience.wiley.com). DOI 10.1002/mop.25164
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1. INTRODUCTION

To increase the portability of wireless systems, a compact hand-

held transceiver and small broadband antenna is highly desira-

ble. However, as the size of an antenna is reduced, its input re-

sistance drops drastically and its reactance changes capacitive,

and as a result, that makes it difficult to match with other RF

systems. Also, the reduced antenna size increases the quality

factor as the stored energy around the antenna is more increased

compared with that of the radiating energy. The increased qual-

ity factor decreases the antenna’s bandwidth and radiating effi-

ciency, resulting in poor antenna performances.

Recently, for preventing degradation of bandwidth and effi-

ciency, the small EM-coupled monopole antenna was introduced

[1, 2]. The reported antenna has two small radiators and they

are electromagnetically coupled to each other and thus produces

two resonances closely spaced in frequency. As a result, antenna

achieves about 20% of bandwidth (|C| < �10 dB) while its elec-

trical size is reduced to kr ¼ 0.56.

In this article, to further improve the broadband characteris-

tics of the EM-coupled antenna, we propose a novel antenna

structure that consists of a hemispherical disk and a helix to

more efficiently use the given space. The size of the proposed

antenna is kr ¼ 0.449 and the measured bandwidth (|C| < �3

dB) is about 30% where the center frequency is 200 MHz. The

radiation efficiency is over 85%, and the measured transmission

loss is similar to that of k/4 monopole in the operating fre-

quency band.

2. ANTENNA DESIGN

The proposed antenna is composed of a disk-loaded monopole

and a helix, closely spaced to achieve a broad bandwidth char-

acteristic through the electromagnetic coupling between the two

radiating elements. The disk structure of the disk-loaded mono-

pole takes a hemispherical shape to reduce the quality factor,
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and as a result, increases the bandwidth by effectively using the

given space. The hemispherical structure can also improve the

radiation efficiency by distributing the induced current over a

larger area of the disk surface than a circular or a square disk

[1–4]. Another radiating element of the helix is wound around

the shorting pole of the disk-loaded monopole to maximize the

magnetic coupling between the shorted pole and the helix. In

addition, the hemispherical structure of the helix magnifies the

capacitive coupling between the helix and the concave inner sur-

face of the disk.

Figure 1 shows the geometry and the design parameters of

the proposed antenna. The loaded disk is placed over an imagi-

nary hemisphere of radius r with its size r3 determined by the

angle h. A shorting pole with radius of 1 mm connects the cen-

ter of the disk to the ground. The helix is wound around the

shorting pole with N turns between the height of h1 and h2,
where the radius of the helix is gradually reduced from r2 to r1.
The starting point of the helix at h1 is directly connected to the

feed point, which is fed by a single-ended coaxial line. The

coordinate of each point on the hemispherical helix can be

obtained using the following equations:

x ¼ r2 cos
a

2pN
/

� �
cos/:

y ¼ r2 cos
a

2pN
/

� �
sin/:

z ¼ h2 � h1
sin a

� �
sin

a
2pN

/
� �

þ h1:

where, a ¼ cos�1 r1
r2

� �
.

Design parameters for the proposed antenna were determined

using a genetic algorithm in conjunction with the FEKO soft-

ware package by EM Software and Systems [5, 6]. The opti-

mized design parameters are as follows: r ¼ 10.71 cm, h ¼
43.4�, h1 ¼ 2.56 cm, h2 ¼ 5.52 cm, r1 ¼ 4.37 cm, r2 ¼ 6.34

cm, r3 ¼ 7.36 cm, and N ¼ 1. The optimized antenna has an

electrical size of kr ¼ 0.449 at the frequency of 200 MHz. To

validate the optimized antenna design, the antenna was con-

structed as shown in Figure 2. The hemispherical disk is made

of aluminum, and the helix and the shorting pole of the disk are

made of brass wire of 1 mm radius. The antenna is built on a

ground plane of size 1.8 � 1.8 m2, and a plastic cylinder with

low dielectric constant is used to support each radiating

element.

3. RESULTS

Figure 3 shows the measured and simulated return loss of the

proposed antenna. The simulation is performed using the FEKO

software and exhibits a bandwidth of 28% [(|C| < �3 dB)

(VSWR < 5.8) from 176 to 232 MHz], and the measurement

taken with an Agilent E5071A network analyzer was 30.5%

[(|C| < �3 dB) from 168 to 229 MHz]. This measurement

agrees fairly well with the simulation result. The bandwidth of

the proposed antenna is compared with other small antennas in

Table 1. The size of the proposed antenna is reduced about 20%

compared with that of the EM-coupled monopole antenna in

Refs. 1, 2 by applying the hemispherical structures while the

bandwidth performance is similarly maintained.

By examining current distributions using the numerical simu-

lation, we confirmed that the first dip in the return loss at about

180 MHz is caused by the hemispherically loaded disk, and the

second dip at about 220 MHz comes from the hemispherically

wound helix. Although only the helix is fed by a coaxial line,

both of the radiating elements resonate because they are electro-

magnetically very tightly coupled. The two resonances closely

spaced in frequency provide the wideband characteristic of the

antenna.

Usually, an extremely small antenna shows poor radiation

characteristics, such as a low-radiation efficiency due to its large

Figure 1 Configuration of the proposed antenna Figure 2 Photo of the built antenna

Figure 3 Measured (—) and simulated (- - - -) return loss of the pro-

posed antenna
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conduction and dielectric losses. To examine these radiation

characteristics, we measured the radiation efficiency and the

transmission loss of the proposed antenna. The simulated (dash–

dot) and measured (square marks) radiation efficiencies found

using the Wheeler cap method [8, 9] are represented in Figure

4. Both of the results show a high-radiation efficiency of over

85% even with an electrically small size of kr ¼ 0.449. This

high-radiation efficiency is achieved by the increased area of the

current path with spherical disk loading. In the same figure, the

measured transmission loss of the proposed antenna (solid line)

is also compared with that of a conventional k/4 monopole

(dashed line) with a height of 35.5 cm that resonates at 200

MHz. The dipole of ETS-Lindgren [10] is used as the transmit-

ting antenna and the distance between the AUT and transmitter

is set to 15 m (10 k). The resulting transmission loss of the pro-

posed antenna is similar to that of the conventional monopole

(the difference is less than 3 dB in the operating frequency

band), although the antenna is only about 30% as large as the

conventional monopole.

Finally, we measure the radiation pattern of the proposed

antenna after the antenna is mounted on a ground plate of 1 � 1

m2. The normalized radiation patterns at 180 and 220 MHz are

represented in Figures 5(a) and 5(b), respectively. The measure-

ments match fairly well with the simulation and are quite simi-

lar to that of the conventional monopole on a finite ground

plane.

4. CONCLUSION

In this article, we proposed a novel electrically small antenna,

which consists of a hemispherically shaped disk and a hemi-

spherically wound helix that maximize the electromagnetic cou-

pling between the two radiating elements. Measurements show

that at the center frequency of 200 MHz the antenna achieves a

bandwidth of about 30%, a radiation efficiency of over 85%,

and a transmission loss similar to that of a conventional

monopole.

Figure 4 Measured (n) radiation efficiency, simulated (-�-�-�-) radia-

tion efficiency, measured transmission loss (—) of the proposed antenna,

and measured transmission loss (- - - -) of the k/4 conventional

monopole

Figure 5 Measured (—) and simulated (- - - -) radiation pattern of the

proposed antenna

TABLE 1 Comparisons of Bandwidths for Some Electrically Small Antennas

Proposed

Antenna

EM-Coupled

Monopole [2]

Disk-Loaded Monopole

with Parallel Strip [4]

Conical-Folded

Monopole [7]

Multielement Disk-Loaded

Monopole [3]

kr 0.449 0.563 0.63 0.71 1.0

Bandwidth (%) 30.5 30.2 22 28.6 82
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ABSTRACT: This article reports a new compact design of band-pass filter
for broadband applications. It has a compact design with two bended short

stubs of quarter-wavelength and a connecting stub of half-wavelength,
which result in the design of a broadband filter. The filter is fabricated on

silicon substrate using surface micromachining process. The fractional
bandwidth of band-pass filter reported is around 0.9–4 GHz. The rejection
at upper and lower pass band edge is greater than 35 dB, and the insertion

loss is 2.4 dB. The area of the novel filter is (kg/4)
2 at the centre frequency

of the bandpass, whereas the area of the filter realized using the

nonbending stubs and connecting lines is 2(kg/4)
2 for the same band pass

characteristics.VC 2010 Wiley Periodicals, Inc. Microwave Opt Technol

Lett 52: 1372–1375, 2010; Published online in Wiley InterScience

(www.interscience.wiley.com). DOI 10.1002/mop.25177

Key words: broadband filter; RF MEMS; CPW; band-pass filter;
airbridges

1. INTRODUCTION

Bandpass filters with small size and light weight are the funda-

mental components of communication systems. Recently, copla-

nar waveguide (CPW) structure has gained substantial research

interests because of the advantages such as lower dispersion,

ease in connection of series, and shunt connections, no via holes

and easier to integrate with solid stated devices [1]. Several

CPW band-pass filters with different topologies have been pro-

posed and investigated. The CPW band-pass filter based on

capacitively [2] or inductively [3] coupled half wavelength reso-

nators may achieve only loose coupling; thus, they are more

suitable for narrow band applications. The broadside end-

coupled band-pass filter proposed by [4] achieves larger cou-

pling and wider band width, but the uniplanar structure of CPW

would be destroyed. An LC-coupled CPW band-pass filter with

quarter wave length resonators was examined [5], but low fre-

quencies, these filters occupy considerable amount of area due

to the use of several quarter wave length resonators. The

reduced size CPW band-pass filter based on folder stubs [1] fea-

tures sharp roll off at upper pass band edge, but the roll-off at

lower pass band edge is not good. The recent developments in

micromachining process have allowed for the possibility of fab-

ricating filters on silicon substrate with compact size [6–9].

In this article, a new reduced size broadband CPW band-pass

filter using two bended kg/4 short stubs and a bended kg/2 con-

necting lines between stubs is proposed. This filter has the merit

of compact size, high cut off rate, and low insertion loss in

pass-band. The filter has been designed, simulated, and fabri-

cated on silicon substrate using surface micromachining process.

The measured and simulated results are compared and good

agreement has been observed between them.

2. DESIGN OF THE BANDPASS FILTER

The wide band CPW band-pass filter is shown in Figure 1. The

structure is composed of two bended short stubs and bended

connecting line that is in the form of square loop. The bended

short stubs have a length of l2 ¼ kg/4 at the centre frequency of

the band pass. Unlike the conventional kg/4 filter, the connecting

lines between the stubs has a length of l1 ¼ kg/2 to obtain wider

band pass. The bending of the stubs makes the design more

compact with respect to the conventional (nonbended) structure.

The short ended stubs have the same characteristics as the con-

necting line. Their characteristic impedance are Z1 ¼ 65 X. The
impedance is high to compensate for the air bridges at the cor-

ner of the CPW bends. Airbridges are placed to suppress the

unwanted coupled-slotline mode, which tends to radiate and

results in resonance peaks in the passband; thus, it will result in

obtaining an adequate filter performance.

The filter bandwidth is dependent on the center connecting

line, denoted by l1. An expression can be calculated in terms of

l1 to find the bandwidth dependent relationship. Using the

ABCD parameters, the desired length is given by

A B
C D

� �
¼ 1 0

j 1

� �
cosbl1 jZ1sinbl1
jYsinbl1 cosbl1

� �
1 0

j 1

� �
(1)

A B
C D

� �
¼ cosbl1 � Z1sinbll jZ1sinbl1

2jYcosbl1 cosbl1 � Z1sinbl1

� �
(2)

Using the ABCD to S-parameters transformation, the

required S21 can be calculated as

S21 ¼ 2

2cosbl1 � 2Z1sinbl1 þ jðsinbl1 þ 2Z1cosbl1Þ (3)

Figure 2 shows how the length, l1, can be varied according

to the required bandwidth. When the length is kg/4, the
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