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Abstract

A method is presented by which the S-parameters of structures in the substrate between two antennas may be 
obtained, treating the propagating surface wave mode as the reference transmission line.  The Thru-Reflect-Line (TRL) 
calibration method is used to “calibrate out” the behavior of the antennas, which are considered to be part of the test 
fixture.  Design of appropriate calibration standards  is discussed, as are possible sources of error of the calibration. 
Successful calibration allows direct analysis of the behavior of structures between the antennas, such as those intended 
to reduce coupling.   Better  characterization  of such structures  would simplify  the development  of  solutions  to the 
coupling problem that are adaptable and scalable.

1. Introduction

Many different  approaches  exist  to the problem of reducing  mutual  coupling  between antennas  on a shared 
ground plane.   It is difficult to compare  the effectiveness of these approaches directly, because the behavior of the 
antennas  themselves  obscures  the  characteristics  of  the  device.   In  order  to  mitigate  this  problem,  we attempt  to 
calibrate out the effects of the antennas and thus look exclusively at the effects of the intermediate structure on surface 
wave coupling.

TRL calibration is an ideal approach to this problem, since specific standards are not required [1].  The relative 
differences between the standards determine the correction that must be applied to measured (or, in this case, simulated) 
results.  New standards must be designed for each test setup, but when known standards for a Short-Open-Load-Thru 
style calibration are unrealizable, this is the best approach.

This paper outlines the application of the TRL calibration method to the two-antenna surface wave system.  The 
test configuration is described, including the definition of the calibration planes.  Design of the calibration standards is 
then discussed, including sources of error and design trade-offs.

2. Design of Calibration Standards

This section discusses the application of the TRL calibration method to the two-antenna system.  For a complete 
derivation of the error correction, see reference [1].  Here, we discuss the requirements for the Thru, Reflect, and Line 
standards for the test configuration, and some effects that must be considered in their design.

In the example system, the test fixture consists of two rectangular patch antennas fabricated on the same ground 
plane as shown in Figure 1.  The system’s operating frequency is 2.35 GHz.  The edge-to-edge distance between the 
antennas is 25 mm plus the width of the device under test (DUT). The DUT is centered between the antennas.  In the 
example  case,  the  DUT consists  of  a  series  of  slots  in  the ground  plane  that  have  a  total  width  of  6  mm.   The 
measurement reference planes are defined on either side of the DUT, 12.5 mm from the edge of each antenna.  The 
system’s corresponding circuit model is pictured in Figure 1.

2.1 Thru and Line Standards

The test configuration treats the guided surface wave coupling the two antennas as the reference transmission 
line.  The Thru and Line standards therefore merely consist of a stretch of substrate between the antennas.  However, it 



is important to consider the types of coupling that may exist; since we are only interested in the surface wave coupling, 
the antennas must be separated by a large enough distance that near-field coupling between the two is negligible.  This 
way, the Thru and Line standards do not include differences in transmission due to near-field coupling’s decay over 
distance.  

For the system under consideration here, a separation between the antenna edges of greater than 25 mm should 
be sufficient to ensure that the dominant mechanism is surface wave coupling, since (as shown in Figure 2) at 
separations larger than 25 mm the coupling between the antennas becomes roughly constant as separation increases, 
which is consistent with a guided wave’s behavior [2].  The edge-to-edge distance for the Thru standard is therefore 
chosen as 25 mm.  The edge-to-edge distance for the Line standard is required to be longer by some arbitrary small 
amount.  We have arbitrarily chosen 35 mm, which makes the distance 10 mm longer, about one eighth wavelength 
(Figure 3).

2.2 Reflect Standard

The Reflect standard must completely stop the surface wave that couples the antennas in the test configuration. 
The simplest way to accomplish this is to insert a conductive boundary somewhere after the calibration plane.  The 
boundary must reflect the surface wave in the substrate, but if it is too tall it may also reflect some of the radiated wave, 
which could result in more energy being reflected than is actually in the surface wave mode.

However, since the coupling between the antennas is small to begin with at this spacing, the calibration could be 
inaccurate if there is not enough difference between the Reflect standard's S11 and that of the Thru and Line standards. 
As it is, the low transmission between ports results in the calibration calculation being very sensitive to simulation 
inaccuracy and rounding errors in calculation.  

3. Conclusion

A method of applying TRL calibration to the case of two antennas on the same ground plane has been presented. 
The approach  is useful for characterizing coupling between the antennas  and how it is affected by the presence  of 
passive devices.   It allows researchers to examine the S-parameters  (referenced to the surface wave mode) of such 
devices directly by separating them from the behavior of the antennas.   Since the coupling between antennas in this 
particular  configuration  is  not  very  strong  at  this  spacing,  the  calibration  is  sensitive  to  errors  from  numerical 
calculation.     However,  if  the  test  configuration  were  designed  to  have  greater  coupling  between  the  antennas, 
inaccuracies in simulation results would be proportionally smaller compared to the raw S21 and S12 data.  Therefore they 
would have less effect on the usability of the calibration.
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Figure 1: Test configuration, including calibration reference planes and surface wave mode modeled as 
transmission line.

Figure 2: Coupling between patch antennas at 2.35 GHz vs. edge-to-edge separation [2].



Figure 3: Design of Thru and Line standards, including edge-to-edge distances.

Figure 4: Reflect standards for Port 1(a) and Port 2 (b), illustrating conductive "reflect" barrier.


