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Abstract – A leaky-wave antenna has been analyzed and 
designed for application in smart motion sensors. The 
application of multilayer structure with a thin laminate layer 
allows for manufacturing the required capacitive elements 
without the need for SMD components’ application. The 
theoretical expressions are derived allowing for initial unit cell 
design. The designed antenna structure consisting of 30 unit 
cells has been designed and verified electromagnetically. Finally 
the model of the antenna has been manufactured and measured.    

Index Terms — Antennas, leaky-wave antennas, scanned-
beam antennas, metamaterials, CRLH transmission lines. 

I. INTRODUCTION 

The leaky-wave antennas offer the possibility of obtaining  
narrow-beam radiation patterns from a large aperture being a 
cascade connection of a large number of identical unit cells  
[1]. The drawback of such antennas is their beam squint with 
the change of the operational frequency, and therefore are not 
suitable for applications in which stable broadside beam is 
required in a broad frequency range such as in pulse radars or 
frequency modulated signal radars (FMCW). However, they 
can be useful in systems where a narrow operational 
bandwidth is utilized for a single measurement, and the broad 
frequency tuning is utilized to control the antenna beam. 
Examples of such radar sensors have been presented in [2] – 
[4]. In [2] a leaky-wave antenna designed in substrate-
integrated-waveguide technique has been presented with the 
beam scanning in the frequency range of 8.5 – 11.5 GHz. 
However, in the presented design the beams are not evenly 
distributed along normal to the antenna plane, instead, the 
angular range 90° to 180° is better covered than the range 0 - 
90°. In [3] and [4] exemplary results have been shown on 
radar sensors for tracking of humans, where leaky-wave 
antennas have been utilized operating in 5 – 8 GHz frequency 
range for azimuth tracking. The presented solutions are not 
optimized for narrow-bandwidth systems which could be 
commercially offered operating in e.g. 2.4 or 5.5 GHz 
frequency ranges, and offer beams not evenly distributed 
along normal to the antenna plane. Recently it has been 
shown that by utilization of metamaterial structures and in 
particular composite balanced right/left handed (CRLH) 
transmission lines it is possible to achieve electronic beam 
scanning in a full angular range from -90° to +90° [5] – [7].   

In this paper we show our investigation result on the design 
of leaky-wave antennas which operate in relatively narrow 
bandwidth suitable for application in commercially available 

frequency bands and featuring evenly distributed beams 
along the normal to the antenna plane. The antenna has been 
designed in a multilayer microstrip technique in order to 
facilitate the needed lumped capacitors, which have been 
designed as layer-to-layer parallel plate capacitors.  The 
antenna array has been analyzed electromagnetically and 
manufactured. The measured results confirmed the theoretical 
predictions.  

 
II. THEORETICAL ANALYSIS 

The leaky-wave antenna is composed of a cascade 
connection of a large number of identical sub-networks called 
unit cells.  The unit cell of a CRLH transmission line utilized 
is shown in Fig. 1 and consists of a series capacitor and a 
shorted transmission line section which correspond to shunt 
inductor of a classic lumped element left handed transmission 
line [8]. The additional sections of transmission lines 
connected in series with capacitors are added to obtain the 
transmission line having the composite right/left handed 
nature. Moreover, by appropriate choice of parameters of the 
series transmission-line section it is possible to meet the 
balanced conditions [8].   

 
 

Fig. 1. Proposed unit cell of a CRLH transmission line. 
 

The Bloch impedance and phase constant for the proposed 
unit cell can be explicitly expressed  and are given at the top 
of the second page (1) – (4). 

   

 
Fig. 2. The scattering parameters of the single unit cell shown schematically 

in Fig. 1. 
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Fig. 3. Electrical length βp and attenuation αp of the 
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Fig. 11. Picture of the developed leaky wave antenna consisting of 30 unit cells with one unit cell enlarged for detailed view. 
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