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Abstract

Small leaky wave antennas using composite right/left-handed transmission line have been
investigated to achieve broadband operation. To improve the gain, this paper proposes rectangular
feeding structure. The bandwidth of 51% and the minimum gain of 0.3 dBi are achieved in the case
of two cells (0.271).
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1. Introduction

A leaky wave antenna (LWA) using composite right/left-handed (CRLH) transmission line
(TL) composed of ladder network has been investigated [1]. The effect of transmission line length
and height on the gain and bandwidth is clarified in [1]. In order to increase the gain of the LWA,
mushroom-shaped unit cell has been investigated in [2]. Chip capacitance is used for series
capacitance. The bandwidth of 113% and the maximum gain of 1 dBi at 1.6 GHz are achieved
experimentally in the case of three cells (0.321) in [2]. In order to reduce the size of LWA for the
application of cellular phones or mobile devices, this paper proposes the mushroom-shaped unit cell
with parallel plate capacitance and rectangular feeding structure in the case of two cells. Moreover,
the simulation results are verified by using the measured transmission characteristics and radiation
characteristics.

2. Composite Right/Left-Handed Transmission Line with Parallel Plate
Capacitance

Fig. 1 shows the configuration of the unit cell using mushroom structure with parallel plate
capacitance for series capacitance (Cr). The unit cell exists on the finite ground plane. For shunt
inductance (L;), self-inductance of vertical via is used. Structural parameters are p = 20 mm, LW =
20 mm, 2 =10 mm, g = 1.3 mm, 4. =9 mm, » =2 mm. Fig. 2 shows the dispersion characteristics of
unit cell when the width of finite ground plane is from 30 mm to 40 mm. Small band gap exists at
around 2.35 GHz. Fast wave region is from 1.86 GHz to 3.62 GHz in the case of G = 30 mm. Fig.
3 shows the Bloch impedance (Zg) characteristics. The peak at 2.35 GHz is affected by band gap.
The Zg characteristics are flat at 50 Q. Therefore, these unit cells provide broadband operation. Fig.
4 shows S;; characteristics of the CRLH-TLs using two cells without the effects of feeding structure
in the case of GW = 30 mm, 40 mm, and 50 mm. Their bandwidths are 75%, 73%, and 76%,
respectively.

3. Effect of Feeding Structure

The CRLH-TL with feeding structure consists of periodically aligned unit cells as shown in
Fig. 5. The parallel plates to ground plane compose the main line of CRLH-TL. Three types of the
feeding structures are compared to achieve broadband impedance matching. Fig. 6 shows Sy
characteristics of three types of the feeding structures. The rectangular and trapezoidal feeding



structures can achieve broadband impedance matching. However, the triangular feeding structure
has dual band characteristics. Fig. 7(a) shows maximum gain of £y component at 3 GHz in zx plane
and the bandwidths for variable GL in the case of the 2 cells with G = 30 mm. The upper base of
triangular and trapezoidal structure which is connected with main line is 20 mm. The lower base of
trapezoidal structure is 10 mm. Feed port is excited as 50 €2 and termination port is terminated in 50
Q. As GL increases, the maximum gain of each structure increases. Under each condition of GL, the
gain of rectangular feeding structure is higher than that of other feeding structures. In addition, the
bandwidths also increase as GL increases. The bandwidths of the CRLH-TL with rectangular
feeding structure are 41%, 51% and 67% at GL = 50 mm, 60 mm, and 80 mm. Fig. 7(b) shows the
maximum gain of Ey component at 3 GHz in zx plane and the bandwidths for variable G in the
case of two cells with GL = 60 mm. As GW increases, the bandwidths gradually increase. The
bandwidths of rectangular feeding structure are 51%, 58%, and 63% at GW = 30 mm, 40 mm, and
50 mm. The effects for the maximum gains of GW are little. However, under each condition of GW,
the gain of rectangular feeding structure is higher than that of other structures. Fig.8 shows the
electric field distributions at the center between feed and first parallel plates. The electric field
distributions of the waveguide feed and that of the rectangular feeding structure are vertically
distributed. On the other hand, the electric field distribution of the triangular structure is affected by
its configuration. Therefore, the rectangular feeding structure is suitable for exciting the CRLH-TL
with two cells of mushroom structures with parallel plate capacitances.

4. Experiment

For practical purpose, dielectric substrate is used as main line and parallel plate capacitor of
the CRLH-TL as shown in Fig. 9. The thickness of dielectric substrate is 1.6 mm and its relative
permittivity is 2.6. Structural parameters of the LWA using two cells are GW = 30 mm, GL = 60
mm, LW =20 mm, L =40mm, g=1.6 mm, =8 mm, z.=7.5 mm, r=1.5 mm, a =4.2 mm, b =
8.4 mm. The fabricated antenna is shown in Fig. 10. Both ends of the CRLH-TL are connected with
the SMA connector under ground plane via the rectangular feeding structure respectively. Simulated
and measured results of S;; and S,; characteristics are shown in Fig. 11. The simulated and
measured results agree well. However, there is discrepancy of upper limit of operating band due to
manufacturing error. The bandwidths of simulated and measured results are 59% and 51%,
respectively. S,; of measured result is lower than —1.2 dB between operating band. Radiation
characteristics are shown in Fig. 12. In simulated results, the maximum gains are 0.6 dBi, 1.3 dBi,
and 1.6 dBi at 2 GHz, 2.2 GHz, and 3 GHz. The gains are smaller than the model without dielectric
substrate. In measured results, the maximum gains are 0.3 dBi, 1.1 dBi, and 1 dBi at 2 GHz, 2.2
GHz, and 3 GHz. The simulated and measured results agree well.

5. Conclusions

This paper presents the LWA using mushroom-shaped unit cells with parallel plate
capacitance and the rectangular feeding structure. The characteristics of the LWA are compared
with the trapezoidal feeding structure and the triangular feeding structure. For variable ground plane
length and width, the maximum gain of the LWA with rectangular feeding structure is higher than
that of other feeding structures. Therefore, in order to obtain impedance matching for this CRLH-
TL, the rectangular feeding structure is available. The simulated results are verified experimentally.
The bandwidth of 51% and the minimum gain of 0.3 dBi are achieved by fabricated antenna in the
case of two cells (0.271).
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