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Abstract—Preliminary experimental results on the measure-
ments of the electric field strength dissipation in a width-
modulated microstrip line based periodic structure are presented
and discussed. The measurements are carried out using infrared
sensors, and allow instantaneous visualization of the temperature
with a high spatial and temporal resolution. The non-invasive
technique is useful, for example in evaluating surface impedance,
special features included in the sample or even defects and
imperfections occurring during manufacturing, that can change
the electromagnetic performances of devices, based on manipu-
lation of surface current density, as in cloaking or other critical
applications.

Index Terms—Caloric dissipation, High Impedance Surface,
Experimental characterization, Periodic structure.

I. INTRODUCTION

ETAMATERIALS have been widely studied in the

last years. Commonly they are based on periodic or
quasi-periodic structures. Their 2D appearances, known as
metasurfaces, are versatile structures that can also be used
on conformal shells. Wave propagation along the surface,
described in terms of surface waves, or across the surface,
as in the case of Frequency Selective Surfaces, are their
two main working scenarios. Such configurations present a
large variety of uses in different applications as wavefront
manipulation, realization of leaky wave antennas (LWA) [1],
polarizer, cloaking [2], electromagnetic coupling reduction
between devices sharing the same ground plane [3], or through
free space interaction [4], etc. More recently tunable versions
are largely studied, and the ability of such structures to perform
mathematical computations are explored [5]. Incorporation of
innovative materials in their structure is also a hot topic. Use of
such complex materials, e.g., exhibiting phase change features,
is exploited for example in [6] for image processing.

Their design has received a substantial attention including
numerical optimizations to achieve specific performances,
which in turn requires heavy computational effort. In some
cases, analytic design has been reported [7]. However, the
numerical analysis of their dispersive behavior is also very
computational demanding [8]. Experimental verification in
wide frequency bands is also very time consuming. This is
even more significant when observation of the field strength
in the largely extended structure is targeted. Depending on
the application, bounded waves and/or leaking energy can be
present; their observation is important to get insight of the
propagation/radiation mechanism. High precision movement
of the field sensors requires accurate control, and acquisition
of large amount of data is also an issue.

To overcome some of the above mentioned difficulties, in
the present work an infrared (IR) measurement technique is
proposed for the quantification of the electric field strength
effects of traveling waves. The considered support of the
propagation is a widely extended periodic structure based on
width-modulated microstrip line [7].

The work is structured as follows: After the general in-
troduction in the present section, Sec. II presents a short
description of the structure under investigation. The considered
analysis technique for the investigations is briefly discussed in
Sec. III. Performed measurements are described and the ob-
tained experimental results are interpreted in Sec. IV. Finally
some conclusions are drawn in Sec. V.

II. WIDTH-MODULATED LINE

The structure under investigation has been previously intro-
duced in [7] and was already subjected to various studies in
terms of design, numerical analysis, and practical applications



as radial LWA [9] or coating of circular transverse section
cylinders for cloaking purpose [10].

In the present study, a more detailed investigation is carried
out targeting the understanding of the propagation mechanism
of the surface current; the power dissipation is metered using
IR measurements on a planar Cartesian appearance, allowing
to see the field effect and the material behavior when the
signal is applied along one of the lines with transverse periodic
loading of similar conductors. The line is fed by an SMA
connector that connects the structure to a radiofrequency
power amplifier connected to the signal generator, while the
second connector is left open. A vector network analyzer
was also used, allowing measurement of the S21 transmission
coefficient. The other lines of the periodic structure are in
open circuit at both ends. To break the symmetry, the number
of parallel lines around the fed one are intentionally different,
as it can be observed in Fig. 1 that reports the photograph of
the structure under test.

Fig. 1. Photograph of the analyzed structure with the soldered connectors.

III. INFRARED THERMOGRAPHY ANALYSIS

The electromagnetic loss may be quantified by means of IR
spectrum emission captured by the camera’s detector. How-
ever, without the complete knowledge of the emissivity of the
structure under test, the limits of the thermal transformation
quantification remain unknown [11]. From this perspective, at
this point, the complete ability of the structure to emit energy
by thermal radiation is not yet established.

IR thermography was successfully used for electromagnetic
field effects identification and quantification starting from the
end of 1980°s [12]-[17]. Based on IR thermography, here we
describe the surface heating map at the surface-air interface
or close to it, without emissivity corrections applied. An IR
camera - model Teledyn FLIR A700 with a thermal sensitivity
of 40 mK - was used for the thermal analysis of the surface
[18]. The IR detection range covers the range 7.5 to 14 pm
wavelength. The camera was used in two configurations: with
a macrolens (far field view) and with a microlens (allowing
spatial resolutions as low as 8 pm). Recordings of the sur-
face temperature increase when the line was excited with a
continuous wave (CW) at 2.29 GHz with an input power of
8 W, were captured during a few tens of seconds. The FLIR
Research Studio R&D Software allowed recordings at a rate
of 30 frames/sec. Regions of interest (ROI) can be defined
by the user (either surfaces or lines) and matrix data of each

pixels’ temperature dynamics may be recorded. Therefore, the
position-time-temperature information may further provide a
refined analysis of the caloric map, describing these ’trans-
ducer” behavior of the investigated structure.

IV. RESULTS AND DISCUSSIONS

As a first assessment, the transmission coefficient So; of the
single line has been measured. In the Fig. 2 the sequence of
pass-band (from 0 to 7 GHz), stop-band (7 ~ 9.8 GHz) and
the following pass-band with leakage of the energy (decreasing
amount of power arriving to port 2) can be identified.
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Fig. 2. Measured transmission scattering parameter of the structure

In the present investigation, aiming to get confidence with
the measurements set-up and identify possible issues, the
attention is focused on the behavior of the circuit in the first
pass-band. Figure 3 reports a snapshot of the field distribution
after 16 sec. of switch on the input signal at the frequency of
2.29 GHz. The shape of the guiding structure can be clearly
identified. Moreover, the input signal is concentrated along the
driven line since it represents a guiding structure for bounded
waves from the input to the output.

As a further step, considering the higher resolution of the
thermal camera (microlens mounted) the 2D thermal map in
Fig. 4 has been recorded. It allows pixel-widely identifying
of the temperature values on the surface of the geometry.
The recorded temperature maps closely follow the geometry:
the narrower line width, corresponding to a higher local
impedance, will make the current path through a narrower
metallization, giving rise to a higher current distribution. In
turn this will determine higher local temperature, as it results
form the longitudinal distribution in the top of the figure. One
measurement is along the symmetry axis of the line, hence
higher values of the currents are present. The second measure-
ment have been performed considering a small lateral shift.
Lower values but similar behavior can be observed. Along
the transverse direction, the measurements put in evidence
the high current in correspondence to the narrow line (single
green peak on the right plot), and the divergent field behavior
near the edges, represented by the two local maxima along a
transverse section in correspondence of the wide width.



Fig. 3. Frame of the recorded time variation of the power dissipation / field
strength at 16 sec. from the start of the feeding
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Fig. 4. 2D thermal map (bottom left), with longitudinal (top) and transverse
(right) directions of represented distributions of the thermal drift along the
structure.

Figure 5 exemplifies the determination of the curves of the
temperature increase evolution in time for the desired user-
defined ROI. In this example we showed the mean and the
maximum value of the temperature increase each second, AT,
the ROI being in this case the entire surface of the structure
under test. The time period of tracing temperature change was
of 35 sec. Different local slopes between the maximum and
average temperature increase curves reveal distinct thermal
behaviors: a steeper maximum slope indicates rapid, localized
heating, while a gentler average slope suggests more uniform
heat distribution or higher thermal capacity. A significant
difference between slopes implies heat concentration in a
limited area, whereas similar slopes would suggest even heat
spreading. Analyzing these slope variations provides insights

into heat generation, distribution, and dissipation within the
structure.
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Fig. 5. Variation of the temperature contrast over ROI equal to the entire
surface (maximum and mean values) in time.

Using the microlens of the FLIR A700 instrument, we
aimed to describe with an increased resolution, local dissipa-
tion effects. These may be observed in Fig. 6 where the frame
no. 500 of the recording was analyzed. In the left side of Fig.
6 the IR image of the fed line is presented, where the edges
of the variable width profiles are prove to be the most radiant
and slight differences of temperature are revealed at pixel level
in similar positions of the periodicity. Parallel and transversal
ROI traces reveal the exact temperature increase distributions,
and they are observed in the right side graphs. In this way,
frequency- and location-specific losses quantification can be
performed with high accuracy anywhere on the area of the
high impedance surface.
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Fig. 6. Detailed IR analysis of the heating using micrometric lens and two
lines as ROIs for the description of pixels temperature variation.

V. CONCLUSIONS

A non-invasive thermographic technique based on IR emis-
sions detection and analysis has been applied for fast and
dynamic thermal maps generation at the surface of a planar
periodic structure fed by a CW microwave signal in the pass-
band region. It allows identifying the shape of the metallic



periodicity against dielectric bed, the surface current density
and local impedance changes, and allows monitoring the
energy losses flow along the guiding structure and its dynamic
distribution. These promising preliminary results open the way
to a more detailed and wide-band characterization of similar
structures in a timely manner.
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