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FE-BI Analysis of a Leaky-Wave Antenna with Resistive Sheet Termination 
 

Leo Kempel, Steve Schneider, Joshua Radcliffe, and Dan Janning, and Gary Thiele 
Air Force Research Laboratory/ Sensors Directorate (AFRL/SNRR) 

Wright-Patterson AFB, Dayton, OH 45433 
 
Abstract: Printed leaky-wave antennas offer the potential for a low-profile, wide-bandwidth antenna element that can be 
arrayed if desired. Microstrip leaky-wave antennas rely on the suppression of the familiar 0EH  mode and the 

propagation of the radiating 1EH  mode. It is well-known that above a critical frequency, this leaky-wave will propagate 
with little attenuation and that the phase difference between the two radiating edges of the microstrip leads to radiation. 
However, due to the limits of installation area, such antennas must be terminated in a manner that reduces back reflection. 
If this is not done, a standing wave is established on the antenna limiting its utility as a leaky-wave antenna in terms of 
front-to-back ratio and bandwidth. In this paper, the hybrid finite element-boundary integral method is used to investigate 
an antenna termination scheme involving the use of resistive sheet extensions to the antenna. It will be shown that such a 
termination increases the front-to-back ratio and usable bandwidth of the antenna as compared to an antenna without such 
termination. 
 
Keywords: Finite Element Method; Leaky-wave Antenna; Termination 
 
Introduction 
Microstrip leaky-wave antennas offer the potential for a low-profile 
antenna with greater bandwidth than microstrip patch antennas. This is 
principally due to the fact that the radiation mechanism is attributed to 
a traveling-wave as compared to the standing-wave that is responsible 
for radiation by a microstrip patch antenna. The fundamental mode of 
a microstrip line, the so-called 0EH  mode, is not a radiating mode 
(hence the popularity of microstrip transmission lines). The electric 
and magnetic fields for this mode are shown in Figure 1. 
 
Rather, higher-order modes must be preferentially excited to realize 
a radiating traveling wave structure. The first higher-order mode, 
the 1EH  mode, is one such radiating mode. This mode (shown in 
Figure 2) exhibits electric field odd symmetry about the axial 
centerline of the antenna as compared to the even symmetry of the 

0EH  mode.  
 
One method for modeling the radiation from such an antenna is to 
consider an infinite cavity with perfect electrical conducting (PEC) 
surfaces representing the microstrip and the groundplane and 
perfect magnetic conducting (PMC) surfaces along the edges of the microstrip. The 0EH  accordingly has two radiating 
edges, separated by the width of the antenna, with identical phase. Such a condition results in little radiation. However, 
the odd symmetry of the 1EH  mode means that the phase of these two radiating edges are o180  apart and hence 
radiation occurs.  
 
A common method for estimating the radiation bandwidth of an 1EH -mode antenna is based on a waveguide model [1-

3]. The bandwidth of such an antenna is determined by the cut-off frequency for the 1EH  mode and the frequency where 

the phase constant equals 0k  (e.g. above this frequency, the bound mode propagates rather than the leaky-wave). This 
frequency range is given by 
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Figure 1. Field diagram for the EH0 mode 
(E-field = solid, H-field = dashed). 

Figure 2. Field diagram for the EH1 mode (E-
field = solid, H-field = dashed). 
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where the zero-thickness effective width of the microstrip (in cm) is given by Wheeler [4-6] 
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or alternatively, the effect of finite conductor thickness can be included [7] 
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In this work, since the finite element model will be assuming zero-thickness perfect electric conductors, the Wheeler 
formula (2) will be used. 
 
Operation of the microstrip in the range of frequencies specified by (1) will allow the propagation of the 1EH  leaky-

wave mode; however, the fundamental 0EH  will also propagate and depending on the feeding structure, this 
fundamental mode may dominate. One significant challenge in realizing a printed leaky-wave antenna is the suppression 
of the fundamental mode in preference to the desired 1EH  mode. Various means of preferentially exciting the 1EH  
mode have been investigated (see for example [3] and the references contained within that manuscript). Another means of 
preferentially exciting the 1EH  mode is to suppress the 0EH  mode. This was accomplished using small slots in the 
microstrip structure near the feed region by Mentzel [8] and an asymmetric microstrip feed (including a quarter wave 
transformer to improve the match to a Ω50  port. An alternative method, utilizing a physical grounding structure along 
the length of the antenna, has recently been investigated by Thiele and his colleagues at the Air Force Research 
Laboratory [9]. The major advantage of such an antenna is the reduced width as compared to other leaky-wave microstrip 
antennas and the relatively simple feed structure.This present paper can be considered a companion paper to [10] in which 
the so-called half-width antenna is studied using a custom finite difference time domain (FDTD) code. In [10], a fictitious 
termination based on uniaxial perfectly matched layers (UPML) approach is used whereas in this present paper, a tapered 
resistive sheet is used to terminate the antenna and the hybrid finite element-boundary integral (FE-BI) method is used in 
the analysis. Before investigating this termination, it is useful to introduce the finite element method used in this analysis. 
 
Finite Element-Boundary Integral Model of the Half-width Antenna 
The FE-BI method has been extensively reported upon in the literature and is extensively discussed in at least three 
popular text books on finite element methods for high frequency electromagnetics [11-13]. The FE-BI equations for a 
total electric field formulation may be written as 
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where the first term is associated with the curl of the basis function (the magnetic field), the second term is associated 
with the basis function itself (the electric field), the third term is necessary to account for an resistive transition conditions 
if present, and the last term on the left-hand side is the boundary integral term (involving a second kind electric field 
dyadic Green's function).  As shown, the placement of the material parameters ( )rr ,µε  suggests that the basis functions 

( )jW  and test functions ( )iW  should be chosen so that the dot products with the material tensors are accomplished 
readily.  Accordingly, the right prism basis functions discussed in [14] are used herein. Additional information on 
implementing the FE-BI method is given in a recent Antennas and Propagation Magazine article [15]. 
 
The mesh for the half-width antenna that is the subject of this present paper is shown in Figure 3. 
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Figure 3. Triangular surface mesh used to represent the half-width leaky-wave antenna. 

 
In this, the leaky wave antenna is shown as the long interior section. It is 19 cm long and 0.75 cm wide. There are Ω1  
lumped loads placed every 100λ at 8 GHz (e.g. a pin every 1.5 cm) along the lower edge of the antenna. The smaller 
section, that is 3 cm long, is used to represent a resistive sheet (a.k.a. R-card) if such a load is present. If no load is 
present, a resistivity of .sqK10 Ω is used. A set of Ω1  lumped loads are used to connect the R-card to the antenna. The 

board is assumed to be RT/Duroid 5870 ( )33.2r =ε  with a thickness of 31 mils (0.0787 cm). The cavity is chosen to 
minimize the aperture (and hence the number of boundary integral unknowns) due to limited memory on the available 
computers. This undoubtedly loads the antenna (and hence alters the results to some extent) although every effort has 
been made to minimize such loading. 
 
Results for the Half-width Antenna 
The half-width antenna utilizes a physical electric conducting wall to suppress the fundamental 0EH  mode. This is 

accomplished in the finite element model with periodic Ω1 resistors (in the actual antenna constructed in RASCAL at 
AFRL/SNRR, the wall is formed with conducting pins). The feed is a probe feed placed approximately half-way along the 
width of the half-width antenna (consistent with the placement of the co-planar microstrip feeds in [16]) and slightly inset. 
According to (1), the leaky-wave region of the antennas is given by GHz67.8fGHz55.6 ≤≤ . Below this range of 

frequency, the 1EH mode is in cut-off while above that range, the bound mode is dominant. In [10], the data generated 
from both the FDTD and transverse resonance models indicate that the attenuation of the propagating wave is quite small 
in the leaky-wave band and hence, a relatively short antenna (as is the one in this work) will have a significant backward 
traveling leaky-wave. 
 
This study considers the impact of placing a tapered resistive sheet condition at the end of the microstrip antenna. The 
purpose of which it to reduce the level of a backward traveling wave and hence realize as close as possible the forward 
traveling wave results used to design such antennas. Note that this termination is physically realizable in comparison with 
the purely numerical termination. The choice of the taper is 
based upon an understanding of the leaky traveling wave. It is 
analogous to the traveling wave excited by zTE  incident field 
impinging on a PEC half-plane. Studies in the past have 
suggested the use of a gradual resistivity taper to a moderate 
end resistivity is a good means of softening the diffraction 
from such a half-plane. Hence, it is assumed that such a taper 
would also work well in reducing the reflection from a 
truncated leaky-wave microstrip line. For this work, a 
quadratic taper from .sq1Ω  to .sq50Ω over a 3 cm length 
is used. This length was chosen to keep the over-all length of 
the antenna relatively small. 
 
The VSWR (assuming a Ω50  feedline) is shown in Figure 4 
comparing the VSWR of the unloaded and loaded antenna. As 
can be seen, the load has a significant effect on the VSWR for 
the leaky-wave region resulting in much less variation in 
VSWR w.r.t. frequency. 
 

Figure 4. Comparison of the VSWR for a loaded 
and unloaded half-width antenna. 
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A comparison of the radiation pattern for the loaded and 
unloaded half-width antennas at 6.7 GHz is shown in Figure 5. 
The unloaded results are comparable to those presented in [10] 
in terms of the location of the peak radiation and in the front-
to-back ratio. As can be seen, the front-to-back ratio is 
dramatically improved (on the order of 10 dB) through the use 
of the resistive sheet termination. 
 
Conclusions 
In this paper, the hybrid finite element-boundary integral 
method was used to investigate the properties of a leaky-wave 
antenna. The antenna under study was the half-width antenna 
recently introduced by Radcliffe et al. [9]. In this, a physical 
structure (realized via periodic shorting pins) is used to 
suppress the fundamental -- even--  mode. Probe feeding was 
used in the model since this antenna does not require a 
sophisticated feed structure as was needed in [16] to suppress 
the fundamental mode. In particular, the behavior of the 
antenna in terms of VSWR, radiation power gain, and normal 
electric fields was investigated for two cases: an unloaded half-
width antenna and a loaded half-width antenna. The load was a 
short quadratically tapered resistive sheet attached co-planar to the end of the microstrip line. 
 
Use of the resistive load dramatically reduces the backward traveling leaky-wave and hence improves the front-to-back 
ratio and 2:1 VSWR bandwidth. This termination has not been optimized. It is noted that a longer termination will yield 
better results; however, at the obvious expense of a larger aperture. 
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