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Abstract : A compact printed slot monopole antenna for Ultra Wide Band (UWB) communications is
presented. The antenna design is enhanced by introducing a slit in ground plane and symmetrical tappers in
radiation patch to achieve a significant improvement in the impedance bandwidth. In addition to that, two
symmetrical slots on radiation patch acts as load to match the impedance and to cause good radiation
performance in both sides. The proposed antenna is designed using LTCC substrate with the material DuPont
951. Parameters are optimized through numerical modeling. It is observed from the results that the proposed
antenna has minimum reflection loss in the ultra-wide radio band with effective radiation characteristics
Keywords: Impedance bandwidth, LTCC substrate, Monopole antenna, UWB.

1. INTRODUCTION

Ultra Wide Band (UWB) technology is a challengeable area in the field of antennas development.
Ultra-wideband is a technology for transmitting information spread over a large bandwidth, usually greater than
500 MHz. Recently, researchers show much interest in developing ultra-wide band radio for short-range high
speed indoor wireless communication networks. Ultra-wideband characteristics are well-suited to short-distance
applications due to low emission levels permitted by regulatory agencies and hence, it easily supports high data
rates between wireless PC peripherals. A planar antenna in Low — Temperature Cofired Ceramic (LTCC) with
transceiver integration capability of UWB can be cancelled the effects of path loss in a transmission system [1].
An ultra wide band slot antenna with microstrip line feed in LTCC technology is developed for a single-package
solution of ultra wide band radio communication systems [2], [3]. An UWB is achieved by using co-planar
waveguide (CPW) fed circular disc monopole antenna with various radiuses of circular disc [4]. Modern
communication systems require covering allocated wireless frequency bands with a single antenna. Planar
printed monopole antennas due to their attractive features such as, low cost, simple structure, ease of fabrication,
wide operating band and omnidirectional radiation characteristics have received great attention for UWB
systems [5]-[11]. Moreover, design of a multiband antenna which also covers the UWB radio range without
deteriorating the UWB performance is of high interest. From the literature review, two techniques are
highlighted to create multiband printed monopole antennas. In the first technique, a radiating element (patch) is
designed to cover the desired wide frequency band. The large size of the antenna increases the lower limit of the
frequency band. The multiband behavior is obtained by introducing notches into the antenna [12], [13]. The
second technique is designing a small size antenna in order to achieve highest frequency bands and by adding
extra resonant elements to the main element, lower frequency bands are created [14], [15].

In this paper, a compact printed slot UWB monopole antenna is proposed. The proposed antenna
achieves ultra-wide bandwidth by introducing a slit in ground plane and symmetrical tappers in radiation
element. Symmetrical slots are formed on the radiation element to cause good radiation performance in both
sides (back and front) and maintain the impedance match over the operating UWB range. The proposed antenna
has a compact size of 17.3 x 12 x 1 mm”>. The measured 10 dB reflection coefficient shows that the proposed
antenna achieves a bandwidth ranging of 4.1 — 10GHz. The proposed antenna presents omnidirectional radiation
patterns across the whole operating band in the H —plane.

1I1. ANTENNA DESIGN AND CONFIGURATION

In Fig.1, the geometry of the printed slot UWB monopole antenna is proposed. It consists of a
rectangular radiation patch with symmetrical tappers placed on the lower side of the patch. Symmetrical slots
placed on the tappers side of the patch and a rectangular ground plane with a slit located on its center of upper
side is used in the antenna design. Slit and tappers with dimensions Wy, Lgy, Hi, and angle (8, play a
significant role in achieving a broad operating bandwidth. Symmetrical slots with side lengths (L) act as load
to match the impedance between feed line and radiation patch and to cause good radiation performance in both
sides.
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Figure 1. Configuration of the proposed ground slit printed slot UWB monopole slot antenna (a) Front view,
(b) Back view, (c) Side view.

A 50 ohm microstrip line of width (Wy) is connected to the radiation patch as feed line. Fig.1(a) shows
the radiation patch with dimensions (a, b) and feed line with dimensions (Wy, L¢) are printed on the top side of
the substrate while the ground plane is printed on the bottom side of the substrate. For a desired resonant
frequency the guided wavelength is given by

l:;t’:c

where c is the speed of light, A, is the free-space wavelength of the monopole antenna resonant frequency f; and
Erefr 1S the relative effective permittivity of the substrate which is given by the approximate formula of

M

g, +1
Erar X5 @
The length of monopole antenna is usually equivalent value of quarter wavelength. The approximate value for
the length (b) of proposed monopole radiation patch is given by

bl 3)

The antenna is simulated on LTCC substrate with material Dupont 951, with its relative permittivity and loss
tangent of 7.8 and 0.0015 respectively. The simulation is carried out with High Frequency Simulation Software
(HESS) [16]. A prototype of the proposed printed slot UWB monopole antenna with optimal design, i.e., L =
19mm, W= 22.8mm, a = 12mm, b = 8mm, Ly, = 2mm, L, = 6.3mm, W,= 19mm, H; = 3mm, 6,= 45°, Ly; =
2mm, W =2 mm, W= 2 mm and L¢= 6.3 mm as shown in Fig.1.

111 ANTENNA PERFORMANCE

The proposed printed slot UWB monopole antenna is simulated and its port is excited by 50 ohm impedance.
Simulated reflection co- efficient (S;,) of the proposed antenna from 4.1 GHz to 10 GHz over 10dB is shown in
Fig.2. The simulated resistive and reactive components characteristics of the input port are shown in Fig.3. It
explains the impedance match between the feed line and radiation element over the frequency operation in ultra-
wide bandwidth. Fig.4 shows the surface current distributions at different frequencies called 4.5, 5.5, 6.5, 7.5,
8.5 and 9.5GHz over the UWB range. In Fig.5, the simulated radiation patterns at different frequencies called
4.5,5.5,6.5,7.5, 8.5 and 9.5GHz in both E-plane and H-plane are shown. It is observed that the patterns of the
proposed antenna presents omnidirectional and stable radiation characteristics in the x-y plane (H-plane) over
the operating frequency range of 4.1 GHz and 10 GHz. The x-z plane (E-plane) patterns show good agreement
of radiation performance in UWB operation. Fig.6 shows the gains of the realized antenna from 4.1- 10GHz. It
indicates that the proposed antenna gives increasable gain while increases the frequency over the operation
bandwidth.
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Figure 2. Simulated reflection coefficient of the proposed UWB antenna.

—m— Reactance
== Resistance

2 4 6 8 10 12 14 16

Frequency in GHz

Figure 3. Simulated impedance components of the proposed UWB antenna.
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Figure 4. Simulated current distribution of the proposed UWB antenna at different frequencies
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Figure 5. Simulated E-Plane and H-Plane radiations of proposed slot UWB Monopole antenna at different
frequencies.
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Figure 6. Simulated peak gain of the proposed UWB monopole antenna.

Iv. CONCLUSION
A microstrip line fed compact printed slot monopole antenna with ground plane slit is proposed for
UWRB radio communications. The overall antenna size is 17.3 x 12 x 1 mm®. The proposed antenna is simulated
with High Frequency Simulation Software (HFSS) and it operation frequency range is 4.1 - 10 GHz (over
10dB). The antenna radiation characteristics of both E-plane and H-plane are analyzed and studied. Results from
the simulation suggest that the proposed antenna is suitable for UWB radio communication applications with
good radiation performance and high gain.
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