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1. Introduction

Recently, there has been a great deal of interest in the design of broadband antennas for
wireless communications. Various types of antennas such as biconical antennas, sleeve antennas,
spiral antennas, and monopol e antennas have been widely researched for broadband applications [1, 2].
Especialy, the monopole type of antenna has severa well-known attractive features such as its
compact size, which is merely haf the size of the equivalent dipole antenna, an omni-directional
radiation pattern, simple design procedure, and ease of modification of radiating element to adapt to
various communication system requirements. However, the major disadvantage of the typica
monopole antenna is its narrow bandwidth characteristics. To date, various techniques have been
carried out to improve the bandwidth of the monopole antenna [3-6]. In this paper, we propose a
printed monopole using the modified ground plane to significantly increase the bandwidth of the
monopole antenna for an ultra wideband application. The bandwidth of antenna can be expanded by
controlling the size of the tapered slot that formed between the disk and the modified ground plane.
The measured impedance bandwidth ratio of the proposed antennais more than 30:1 for VSWR<2.

2. Antenna design and results

The geometry of the proposed printed monopole antennais shown in Fig. 1. The top portion of
the ground plane, including a part of the circle with a radius R, is etched out to form a modified
ground plane. The disk and the microstrip feedline are printed on the other side of the substrate. The
bottom of the disk along with a microstrip feedline is place with a gap size of g; from the circular arc
of the ground plane. Two types of the disk, a circular disk and a rectangular disk with a half circular
base, are considered in this paper. Different shapes of the upper disk cause minor changes to the return
loss characteristics. However, they have more effect to the radiation pattern characteristics. For the
disk shape investigated in this paper, arectangular disk with a half circular base shows better radiation
pattern characteristics than a circular disk. The radius of the circular disk is R, and the length and
width of the rectangular disk is a and b, respectively. The vertical length of the disk is approximately
0.2 at the starting frequency of around 0.9 GHz. This arrangement of the antenna structure generates
a tapered slot between the ground plane with a circular arc and the disk. The tapered slot provides a
smooth and gradual input impedance transition from the microstrip feedline to the disk. Therefore, the
antenna maintains nearly constant input impedance over a wide frequency range. The antenna has two
types of radiation modes, a disk mode and a slot mode. The slot mode becomes stronger as frequency
increases as illustrated from the radiation patterns shown in Fig 3. The antenna is fabricated on a
single piece of relatively low loss substrate with a dielectric constant of 3.38 and a thickness of 0.508
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mm (RO 4003). The size of the substrate is 240 mm x 140 mm. The aluminum zig is constructed to
feed the antenna with a special SMA connector by Giga Lane Inc., which maintains a return loss level
of more than —20 dB from DC to 30 GHz.

Return loss measurements of antennas were carried out by using an HP 8510C vector network
analyzer and radiation pattern measurements were performed in a 10 m x 10 m x 12 m anechoic
chamber. The optimized design parameters of proposed antennas are listed in Table 1. All design
parameters for both antennas are the same except those for a and b. Fig. 2 shows the measured return
loss curves of the two antennas. The measured impedance bandwidth for VSWR<2 is from 0.94 GHz
to over 30 GHz for the antennawith acircular disk and from 0.89 GHz to over 30 GHz for the antenna
with a rectangular disk with a half circular base. The measured radiation pattern of the antenna with a
rectangular disk with a half circular base at 1 GHz, 3 GHz, 5 GHz, and 7 GHz is shown in Fig. 3. Both
co- and cross-polarized components of the xz-plane and yz-plane cuts are plotted in the same figure.
The radiation patterns in the xz-plane and yz-plane cuts show a relatively good conical beam pattern
up to 3 GHz. The back radiation and cross polarization level, however, goes up as the frequency
increases. The measured gains of the antenna at 1 GHz, 3 GHz, 5 GHz, and 7 GHz are 3.43 dBi at
0=55°, 4.87 dBi at 6=40°, 4.42 dBi at 6=72°, and 7.47 dBi at 6=55", respectively.

3. Conclusions

A novel ultra wideband printed monopole antenna was proposed, fabricated and measured.
The proposed antenna can improve the bandwidth characteristic with the taper slot structure formed by
a modified ground plane and disk element. The measured impedance bandwidth ratio of the antennas
are more than 30:1 for VSWR<2.
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Table 1. Optimized design parameter of the antenna (in mm).

Parameter R R a b 01 h; h, hs t Wi

Vaue 30 40 30 60 0.3 45 15 80 | 0508 | 1.15
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Fig. 1. Proposed antenna structure; (a) circular disk, (b) rectangular disk with circular base.
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Figure 2. Measured return loss.
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Figure 3. Measured radiation pattern.
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