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Sensing Coupling Paths in an Equipment
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Abstract—We present experimental results proving that a 90 ¢,
Time-Reversal Electromagnetic Chamber allows studying th m
susceptibility of a device to external radiated interfererce. The
technique here proposed is based on the generation of wavefrts
focusing over an arbitrary position in space, leading to a satial
resolution of a half-wavelength. By monitoring the level ofenergy
transmitted through the shielding of the device, it is found
that this technique can identify the presence of coupling pés
(e.g., slots), their position and orientation. The informdion thus
retrieved is much richer than that yielded by standard EMC
tests in anechoic or reverberation chambers, where the pdsin z Y
of such coupling paths is not readily accessible. 5cm

Index Terms—Cavities, stochastic fields, test facilities.
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INTRODUCTION og
When an electrical device needs to be protected from exter- 50 <
nal interferences, its shielding takes a central role indésign ‘\
phase. Applications requiring an attentive shielding giesi 3Tcm — X

range from electromagnetic compatibility (EMC) of everyda

devices to the protection of sensitive equipments in ededtr Fig. 1: A schematic representation of the experimentalpsetu

warfare. In order to assess the level of protection of thécgev showing the EUT and the surface over which the electric-field

tests are typically carried out in controlled electromdigne distributions shown in Fig. 2 were scanned.

environments, such as anechoic and reverberation chambers

(RCs). In both cases, although the type of radiated intenfeas

impinging on the device do not share the same nature, the

electromagnetic stress applied to the device is meant aya wa

of identifying the presence of weak points in the shieldingegion of the device to the impinging wavefront. Hence, if a

through which interferences can couple to the electrical aBoupling path is present at any position of the device exphose

electronic devices it is expected to protect. to the testing wavefront, it is not possible to find out at
Tests of this type can be carried out within the framewokghat position the coupling occurs and through what type of

set by international standards, thus only requiring to 8senechanism. In other words, spatial resolution is non-erist

the passing or not of a test. In these cases, this kind \ghile at least directions of arrival can be accessed; these

tests are sufficient. Conversely, as soon as these are ratfigitations are particularly important when dealing witirge

meant as a way of obtaining detailed information about thfevices, where visual inspection is not a viable option.

reasons of the failing, current test procedure are wanting.

This outcome is well-known in RCs, where the complex The aim of this paper is to demonstrate that the TREC

propagation environment hinders any direct interpretatd (Time-Reversal Electromagnetic Chamber) technique [f] ca

the coupling mechanisms: in simple words, as a number mfovide a substantial improvement in this respect, by engur

aggressions take place at the same time, it is impossibleatspatial resolution only limited by diffraction phenomd@h

sort out the contributions from each impinging wavefront. By exploiting the ability of the TREC to generate arbitrary
At the other end of the spectrum of test facilities, anechoigavefronts within an RC, in particular with any position for

chambers and in general all environments aimed at emulatihgir phase center, it is possible to use the focal spot thus

free-space propagation, only provide a partially better pecreated in order to sense the boundaries of the devices, and

formance. As a matter of fact, quasi-planar wavefronts amdtimately to detect the presence of apertures like slots an

typically generated in these cases, thus submitting amégte their orientation.



GENERATING A MOVING FOCAL SPOT consider a series of wavefronB,:(r) corresponding to point-
A’ke sources with a phase center found at a generic position

of improving the energetic performance of RCs [3], while’: (?Ince thed_vecttodr ft_ra_?sfer :L{;Ct'ow(? t?]ret krr]]owlg, b
allowing to control the polarization of the field generate ) alows a direct detinition ot the signais that shou €
within an RC [4]. The unusual features of the TREC emer plied o the TRM antenna§ in order to generate these_ same
from the merging of the field-diffusive properties of RCs an _avefronts focusing onteo, without any heed fpr mechanical
the self-healing provided by phase-conjugated wavefrgits isplacements. Hence, by synthesizing the sigiels) and

[6]. It is composed of an overmoded cavity where one or moESEdlmg ttheflr Emet'rr]e\llfetrhsed ver|S|ont;L]0 the TTI\Q fn:r?;];is’ a
antennas are found at its interior. These antennas takeeon Hy2 SPOt Of about haltthe wavelength associated 1o n

role of a time-reversal mirror (TRM), a concept introduced ifrequency of th.e excitation §|gnals can be expected to appea
overry at the time of focusing.

acoustics and described, e.g., in [7]. Standard applicatid Having this feat lable in a test facilit that i
time-reversal techniques in such a scenario would require a avmgl tIS cature ‘?xa'g € mta est taciity meapst atl
initial phase during which an auxiliary point-like sourcewld 'S possible 10 eXpose the device 1o an aggression Just over a

generate a diverging wavefront: the signals received by {Rartion of its surface, in such a way tha.lt a VOItage or c_urrent
TRM antennas are recorded during this phase. Subsequeﬁ:ty“d be transmitted and observed at its interior only_ in _the
these signals are time-reversed, i.e., phase conjugated, S€ an aperture appeared ove_r_the focal spot, thus yiedding
applied as excitation signals to the TRM antennas: as prov. Jfect mformatlon about t_he position O.f. an aperture. IV!(VEHO
in acoustics, the result of this operation is a wavefrontisiga Its orientation, or rather its polarizability [9], can bddrred

the same properties of the diverging one generated in the fﬁ)g ger}erathg a V\t/avefro.nt .W'th .al dvaryldn.g ptolarlzauolr; : t?teh
place, but now converging back onto the original position S€ Of maximum transmission yields a direct guess aboutthe

the auxiliary source. The major limitation of this proceelurpOIar'Zab'“ty' Indeed, as already recalled, the TREC mighe

is the need to repeat the two phases as soon as the auxilﬁ';” \_/'\[I.S aﬂ;e control of the polarization of the field at theudsc
source is modified (i.e., its position changed), making it drostion [4]
unwieldy experimental procedure, especially when dealing EXPERIMENTAL RESULTS
with hundreds of configurations. . . o
. . These concepts were experimentally tested in Supélec’s RC
As opposed to this state of affairs, the TREC can gener ge 3 . )
: . : 2 .08 x 1.84 x 2.44 m?), using a TRM composed of a single
an arbitrary wavefront by means of simple signal-procegsi : . .
. i . ; L =~ bow-tie antenna with a bandwidth of about 500 MHz centered
techniques. The idea is to perform a single initial characte

zation of the Green'’s functions relating the TRM antennas éeléiv?[?z_’r:; orqur:)t;?-Ssrgs\zgécu:\rslyatomz?aellizf t’:gi Vv\\,/ﬁg?eo;

the electromagnetic field observed over an auxiliary serfaFOn itudinal slot 15 cm lona and 3 mm wide was opened. as
3 containing the device under test. From this knowledge 9 9 P '

it is possible to retrieve the signalg(w) that would have shown in Fig. 1. By means of a planar styrofoam support

been received by the TRM antennas if a wavefrBt (-, ) positioned as in Fig. 1, thg trgnsfer functions between the
- : TRM antenna and the electric field it would generate over the
were generated by a source within the volume defined by the . g
e . . surface2 were measured. This task was carried out by means
auxiliary surfacex. In particular, it can be proven that a TRM

antenna assimilable to an Hertzian dipole positionexd; @&nd of an optical E-field probe, mz_anufactured by Enprobe, model
oriented along the directiog, would receive a signal EFS'lQS' Three transfer functions were me_asured for_thmthr
K Cartesian field components, thanks to the linear poladnaif

this probe. It is therefore possible to study the field disttion
generated by any signal applied to the TRM antenna without
having to repeat these measurements.

Wavefronts associated to the field radiated by two-element

Neoqi(r) = (1 Gee(r,7i) - @; + 7 X Gem - q;(r,7;), (2) arrayswere considered, centered at different positiciesid
B B in such a way to generate a radiation pattern with a main
Goc(r1,72) andGem (71, 72) being the dyadic Green’s func-lobe oriented along the outward normal to the device surface
tions of the medium between an electric source (a TREquation (1) allows computing the signal$(w) needed in
antenna) and the electric and magnetic field observed in éheler to generate replicas of these wavefronts focusing bac
medium. at the phase center of their virtual sources. An example of

From this formalism it is clear that it is not necessaryesults obtained is given in Fig. 2, where the phase center
to have previous knowledge of Green’s function over thgas moved of 12 cm along the top surface of the device, for
entire space of the cavity, but it can rather be limited tpulsed signals with a bandwidth of 200 MHz and centered
the surfacey, a direct consequence of Huygen’s principlearound 1.2 GHz. Colors are set to the same scale for the two
Experimental results proving the validity of these conseptases, indicating negligible differences and thus an el
have been provided in [8]. reproducibility of the aggression, a direct consequence of

These ideas can be applied to the problem of identifyinge self-averaging properties of time-reversed wavefrant
coupling paths in a device in the following manner. Let usomplex media [6]. Even the orientation of the E-field lings i

The TREC technique was originally proposed as a w

Vi(w) = /ZNqu-(r') - By (r')dr', (1)

with
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Fig. 3: Peak intensity of the signals transmitted at theriote

of the EUT as a function of the focal-spot center, for two
orientations of the electric field impinging over the device
The results are normalized to the value measured for a focal-
spot atz = 0, for an electric field oriented along.

its orientation, as witnessed by the 20 dB dynamic reduction
observed in the coupling when switching betweenrarand
y-oriented field.

CONCLUSIONS

: We have shown that the TREC technique can be used
-40 -30 -20 ~-10 0 10 20 30 40 in order to gain access to detailed information about the

position and orientation of apertures in the shielding of a
Fig. 2: Two examples of the electric-field distribution gendevice. This approach thus appears to outperform anechoic
erated by means of a TREC when focusing over two aand reve_rberatlon_chambers in the !dentlflcatlon of W_eahpsm
jacent positions centered at 0 cm and 12 cm. The colty2 device submitted to radiated interferences, of inteires
EMC as well as hardening tests.
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scale represents the intensity of the electric field, whie i
orientation (polarization) is shown by arrows. Distancesia REFERENCES
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