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Abstract 
 
 Trough antennas are a potential aperture for installed applications due to the cavity backing that naturally lends 
itself to flush-mount installation on a carrying vehicle. Trough antennas radiate via an aperture field and as with all 
aperture antennas, the radiation characteristics of the antenna are governed by the distribution of the aperture field, both 
in terms of magnitude and phase spatial variation. The antenna presented herein is inspired by the half-width microstrip 
leaky-wave radiator aiming to provide a good near end-fire radiation pattern. The finite element boundary integral (FE-
BI) method is used to predict the performance of the cavity backed antenna. In this paper, some details about the FE-BI 
implementation are presented as well as the initial antenna design.  
    

1. Introduction 
 
 Microstrip leaky wave antennas are thin, relatively easy to integrate with integrated circuits (if the operation 
frequency is consistent with monolithic fabrication), relatively easy to fabricate, and having a voltage standing wave 
ratio (VSWR) bandwidth is greater than that of microstrip patch antennas. Note that the radiation pattern bandwidth is 
regrettably somewhat narrow since the main-lobe direction varies with operational frequency. These antennas have been 
the subject of significant past research by a number of excellent investigators [1-4]. Their radiation mechanism is well 
known, and different feeding and termination techniques have been proposed [5-6].  One of the more common 
incarnations of a microstrip leaky-wave antennas is a wide microstrip line in which the fundamental mode (EH00) is 
suppressed and the first higher order mode (EH01) is excited with a complex feeding mechanism. An alternative to this 
traditional realization is the half-width leaky-wave (HWLW) antenna in which a shorting wall is placed along the 
centerline of the transverse section of the microstrip, and the other half of the microstrip is eliminated (See Figure 1). 
This structure automatically suppresses the EH00 mode and propagates the EH01 mode if fed properly within the 
operational bandwidth of the first leaky-wave mode. In practice, the HWLW antenna can be fed with a single feed such 
as a coaxial probe. This antenna has undergone considerable recent work by Thiele, Schneider, and their collaborators 
(see for example [6-8]) 
 

 
 

Figure 1. Field distribution for the EH1 mode for the half-width leaky-wave antenna. 
 
If the HWLW is rotated by 90°, it is possible to obtain a cavity-backed leaky-wave (CBLW) antenna – also known as a 
trough antenna – as is shown in Figure 2.  One main advantage of this configuration is that the antenna may become 
integrated with a vehicle thereby reducing drag.  
 
 During the past couple decades, the hybrid finite element-boundary integral (FE-BI) method has undergone both 
considerable development and utilization. To do justice to the many contributors in the field would consume the paper 
limit of this publication. Nevertheless, the interested reader is encouraged to consult [9-10]. In this paper, a three-



dimensional FE-BI formulation is used to investigate the performance of the CBLW antenna flush-mounted in an 
infinite ground plane.   
 

 
 

Figure 2. Geometry and field-structure for a cavity-backed leaky-wave antenna. 
 

2. FE-BI Analysis 
 
 The finite element-boundary integral (FE-BI) method combines the finite element and boundary integral 
formulation in a hybrid technique that combines the best features of the finite element method (geometric flexibility) 
and a boundary integral (minimal extent mesh closure condition). This hybrid technique is very attractive for modeling 
three-dimensional cavity backed apertures if the aperture lies in a metallic plane since the order of the resulting linear 
system is minimal.  In this work, the cavity is discretized using tetrahedral elements and the aperture of the cavity is 
dicretized using triangular elements such that the tetrahedral faces lying in the aperture are congruent with the triangles, 
thus ensuring proper continuity of fields from the interior to exterior regions.  It is well known from [10] that the 
functional for a cavity backed antenna is given by 
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where intJ
r

denotes the internal electric current source due to the antenna feeds. In (1), )',(0 rrG rr  is the free-space dyadic 

Green’s function and the bulk constitutive properties within a tetrahedron is denoted by rε and , respectively. rµ
 
 To discretize the functional, the cavity volume is subdivided in tetrahedral elements, within each element the 
field is expanded as  
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where e
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 is the vector basis functions for the eth tetrahedron, are the unknown expansion coefficients, and n is the 
number of expansion terms. To discretize the surface integrals, the surface fields are expanded as  
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where s
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the vector basis functions for the sth triangle is, are the unknown expansion coefficients, and ns
iE s is the 

number of expansion terms. Substituting (2) and (3) into (1), taking the partial derivative of the resulting expression 

with respect to  iE
r

, setting the final expression to zero and assembling the resulting matrices,  it is possible to obtain 
the linear system of equations 
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where [A] and [B] are the finite element matrices, [C] represents the boundary integral and {f} represents the source. 
The solution for the expansion coefficients of the electric field can be performed using an iterative solver such as the 
conjugate gradient (CG) or the biconjugate gradient (BI-CG) method to solve the linear system (4).  



 
 

3. Design of the Cavity-Backed Leaky-Wave Antenna 
 
 The structure of the CBLW antenna is shown in Figure 3. This antenna is fed by a 50Ω coaxial line from the side 
so that the center conductor extends into the cavity; both ends of the cavity are tapered to reduce reflected waves and 
extend the VSWR bandwidth of the aperture. Should they be omitted, the antenna’s VSWR bandwidth will be severely 
limited due to the reflection from the nearby vertical wall of the cavity. Likewise, placing the feed near such a vertical 
wall will “short-out” the feed leading to an inefficient radiator. The antenna is terminated in a 50Ω load (not shown in 
the figure but included in the simulations), 1r =ε ,  L = 200 mm, h = 0.8 mm, ρ = 5 mm, α = 10°, w = 20 mm. Note 
that this is not an optimal design, rather a starting point for the discovery process. 

 

 
 

Figure 3. Details and dimensions for the cavity-backed leaky-wave antenna. 
 
 

4. Simulation Results 
 

 The design shown in Figure 3 was simulated using 22,500 tetrahedrons and 20,391 unknowns. The antenna’s 
radiation pattern at 7 GHz is shown in Figure 4. The load partially reduced the reflected wave (front-to-back ratio of 
approximately 10 dB); however, improvement in the front-to-back ratio by 5 dB or so can be expected through further 
design study.  
 

5. Conclusion 
 

 In this paper considered a cavity-backed leaky-wave antenna inspired by the half-width microstrip leaky-wave 
investigated previously. The CBLW antenna is naturally suitable for flush-mount installation in a metallic body such as 
an automobile. The radiation characteristics must be investigated in more detail such as the design of the matching 
cavities and their effect on the upper half-space radiation pattern as well as the VSWR and main-lobe direction. It can 
be expected that the matching cavities will improve the VSWR bandwidth as compared to omitting those structures. 
 

 
 
 
 



 
Figure 4. Radiation pattern of a Cavity-backed leaky-wave antenna. 
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