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able range. Also, to obtaining the desired results the spiral inductors have been
inductances (Ly). The fabricated antenna with the proposed structure can be co,
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I. INTRODUCTION

(i.e. in either the transmi
ation). Antennas are
systems, so that
devices, hence e
quency band.

This paper has in
(UWB) i

compact ultra-wideband
based on metamaterial
anded transmission lines

en developed and shown to exhibit
i of anti-parallel phase and group velocities (v,
=l v and 7 propagation constant at a certain frequency
in the fundameptal operating mode [1, 2]. These MTMs have
been used to realize novel planar antennas. MTM technology
may be caused to designing antenna structures with physically
small size, whereas this antenna can be employed for large fre-
quency bandwidth [3, 4]. The proposed traveling-wave MTM
antenna presents the advantages such as reduction in physical
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ze and spread in bandwidth than the conventional antennas,
also unidirectional radiation patterns, planar, low loss, ease of
fabrication, and simple topology are desirable properties of
this antenna. Hence, the presented minimized UWB antenna
can be integrated into radio frequency (RF) components for
the embedded electronic systems.

Il. DESIGN PROCESS OF THE
PROPOSED TRAVELING-WAVE
ANTENNA

The proposed antenna design process is based on a simple
topology that incorporates the printed planar patches and
spiral inductors accompanying via holes connected to the
ground plane. This topology makes it possible to combine
the antenna with integrated RF electronics. This paper
employs the standard manufacturing techniques on the radi-
ation patches to create the printed planar b-shaped slits,
which lead to downsizing of the structure and play the
roles of the series left-handed (LH) capacitances (Cp).
Furthermore, with modeling the smaller values of the
b-shaped slits by optimization of their dimensions, the wide-
band performances can be obtained. Besides the minimized
size and the broad bandwidth properties, the radiation pat-
terns of the antenna are very important. By applying the
four unit cells to form a b-shape, and also design the appropri-
ate inductive elements such as spiral inductors and metallic
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via holes, employing the larger aperture size and the uniform
excitation mechanism the good radiation patterns can be
achieved.

The antenna structure is made of four CRLH unit cells,
so that each unit cell includes a b-shaped slit that is
printed on the rectangular radiation patch, by the standard
manufacturing technique and a spiral inductor connected
to the ground plane through a vertical via. The circuit
model of the proposed traveling-wave antenna is shown
in Fig. 1.

Also, Fig. 2 shows the configuration of the antenna. In
each unit cell, the printed b-shaped slit establishes the
series capacitance (Cp) and the spiral inductor accompanying
via act like shunt inductance (L;). The series capacitance C;
can be adjusted by setting the dimensions of the printed
b-shaped slits, this feature provides another superior capabil-
ity that can be used to change the performance of the
antenna.

In addition to C; and L, the TLs possess the right-handed
(RH) parasitic effects that can be seen as shunt capacitances
(Cr) and series inductances (Lg). The shunt capacitances
Cr mostly come from the gap capacitances between
the patch and the ground plane, and unavoidable
currents flow on the patches to establish the series induc-
tances Ly, which indicates that these capacitances and induc-
tances cannot be ignored. The RH and LH losses of the
structure are modeled by Rg, G, Ry, and Gi. In this struc-
ture, to increase the antenna aperture efficiency the
uniform excitation mechanism is used by applying two
ports (ports 1 and 2), whereas port 1 is excited byjthe

GL=1'8 1/Ohm

Unit Cell

Fourth Cell

»

Fig. 1. Circuit model of the proposed traveling-wave antenna constructed of
four unit cells accompanying the circuit parameters values.
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input signal and port 2 is matched to 20 ) load impedance
of the SMD1206 component. The SMD1206 component
is connected to the ground plane through via hole and occu-
pies the place of 4.2 mm of the total area of the antenna
structure.

The presented traveling-wave CRLH MTM antenna is
built on a Rogers_ RO4003 substrate with thickness of h =
0.8 mm, dielectric constant of &, = 3.38 and tand = 0.0022.
In this structure, size reduction of the compact printed
b-shaped slits is used, so that the antenna’s physical size is
14.18 X 6.32 X 0.8 mm?® (0.42A, X 0.19A, X 0.024A,, where
A, is the free space wavelength at Also the
antenna has 2.1 GHz measured ban@

11.5 GHz, which corresponds to“21
bandwidth. Figure 3 exhibits i

4th gmp=4.2mm
Cell

Gap Capacitance =

__ wl
h=0.8mm

ViaHole + SpiralInductor = LL
P Rogers_RO4003

Geometrical model with structure parameters

Fabricated Prototype

Fig. 2. Configuration of the traveling-wave b-shaped antenna composed of
four unit cells.
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Fig. 3. Simulated and measured reflection coefficients (S,, parameters).

respectively. The simulated and measured radiation gain pat-
terns in the main cuts at several operating frequencies are
plotted in Fig. 4.

As is clear from Fig. 4, the antenna radiation patterns have
unidirectional specifications.

To validate the design procedures, the proposed traveling-
wave antenna is compared with several conventional antennas
and their radiation characteristics and dimensions are sum-
marized in Tables 1 and 2, respectively.

According to the results, the proposed traveling-
wave antenna is attractive and suitable for use in the
embedded electronic systems and wireless communicagi
devices.

A NEW COMPACT UWB TRAVELING-WAVE ANTENNA

Table 1. Radiation characteristics of the compact conventional antennas
in comparison with the proposed miniature traveling-wave antenna.

Parameters [5] [6] Proposed traveling-wave
antenna

Maximum gain (dBi) 0.6 0.45 7

Bandwidth (GHz) 1-2 0.8-2.5 9-11.1

Efficiency (%) 26 53.6 78.52

It should be noted that, the simulated results were obtained
using an Agilent ADS full-wave simulator.

I, CONCLUSION

sented and is made to

width, and radia o conventional
minijature and U, ocated in Tables 1
and 2. The roposed antenna is
0.42A, X O of the free-space wave-

ent to 14.18 X 6.32 x 0.8 mm>.
sed for frequency band of
.1 GHz, so that at/its resonant frequency of f,=
e gain and radiation efficiency equal to

ics and its high performances are expected to
find wide applications in the future.

Radiation Gains
Patterns

. 10 -
Simulated — - == — - - ==
S GHz 9.50 GHz 10.00 GHz 10 .50 GHz 11.00 GHz 11.10 GHz
Measured = = = = === —_— - —_—— =
O GHz 950 GHz 10.00 GHz 10.50 GHz 11.00 GHz 11.10 GHz

Fig. 4. Radiation gain patterns in the main cuts at different frequencies.
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Table 2. Dimensions of some of the UWB conventional antennas in com-
parison to the proposed UWB traveling-wave antenna.

Dimension of antennas
(mm?)

Some of the UWB monopole antennas

Slotted planar binomial monopole
antenna [7]
Slotted circular monopole antenna [8]

30 X 27.4 X 1

26 X 27 X 1

Slotted rectangular monopole antenna [9] 18 X 20 X 1
Fork-shaped antenna [10] 35 X 30 X 0.769
Slotted arc-shaped edge rectangular 24 X 35 X 0.8

antenna [11]

Proposed traveling-wave antenna 14.18 X 6.32 X 0.8
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