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Abstract—The characterization of the electromagnetic field domain. The interest of this technique is to beeatu
emitted by various sources (antenna, radar...) israimportant visualize and eventually to quantify the amplitudg a
issue, either for civil or defense applications. Theneasurement magnetic or electric field by a relatively non-intive way
of the electromagnetic field may be performed by &cal probe,  gn the surface of a thin film that absorbs one pérthe
but the infrared thermography imaging is an alternaive way. incident wave: a 2D cartography of the field cansttbe
The latter method, called EMIR [1] (ElectroMagnetic obtained on a relatively large surface (several)dim?a few

InfraRed) has been used for years in particular atONERA
where it had been developed. We have recently susséully seconds (much faster than a local probe that wild

implemented this technique in the domain of visiblelight, moved step by step to scan the. whole surfac;e)._dejc
named as EMVI [2]. As in the EMIR method, a thin fim  also get local measurements with the combinatiorarof

(sensitive to either electric field or magnetic filel) is heated by ~ optical fiber and a thermofluorescent sensor fameple for
the emitted field. But here the film is coated witha polymer  biological applications but this is out the scopk tie
doped with fluorescent molecules. As the fluoresceemission  present paper.
depends on the temperature of the film, we get a
thermofluorescent sensor. The results presented heitustrate
that new method: both magnetic and electric fieldrmaging of a  A. Films with electric or magnetic losses
High Impedance Surface (HIS) has thus been obtained Two types of microwave sensing films are usedegiwith
electric or magnetic losses. These films haveailjtibeen
Keywords—Electromagnetism, thermography, magnetic developed for _EN_”R method. EMI_R consists In I_magih_g
losses, electric losses, fluorescence, High ImpedarSurface. electromagnetic field through the infrared emissiém thin
film located in the field and heated by it. Theh@ tfilms
are polymer foils with small conductivity for eleict field
. INTRODUCTION imaging or with ferromagnetic losses for magneiion f
Microwave technologies play an important role innga imaging. For the fluorescent EMVI method, the sdilmes
fields from public applications (phone, communioasi) to ~ are coated with fluorescent molecules, as presenteide
more specific domains (radar, civil and military@eautics, next section.
medicine...). In this context of increasing emiasioof
microwave electromagnetic fields, one of the migeues is  For electric losses we typically use 50-um thickptéa film
to develop methods to diagnose and characterimerigal ~ doped with carbone, with electrical conductivityof about
time. 10 to 100 S.M. The conductivity is high enough to allow
We present in this paper the measurement of ththe formation of induced currents and thereforéaat the
electromagnetic near field of adigh Impedance Surface film as it is shown on Figure 1, but low enoughateoid
(HIS) developed at ONERA [3]. We used a new methbd electric absorption that would disturb and moditye t
measurement based on thermofluorescence. In thiers¢c  incoming field.
we enlighten this new concept called EMVI:
ElectroMagnetic Visible Imaging. Then in sectioh We
detail the specificity of this HIS. In the last &en 1V,
images of the electric and magnetic near fieldshef HIS FILM

are presented.
II. EMVI TECHNIQUE >>>

The EMVI method uses a thin foil or film heated the i
incident field [2, 3]. The foil is covered by fluescent | microwaves & o
molecules  which ﬂuoresc?nt emlssu_)n dEpe_ndS Olfigure 1: Schematic drawing of the sensitive fileating [3].
temperature. Hence, depending on the field amgitule

film is more or less heated and the fluorescentensity e want to absorb a small part of the electricdfidlhe
varies. This enables field imaging In the V|S|bight absorption rate of electric f|e|A" is given by
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(Zq +2Z)" (1)
With Z,=377Q and Z= 1/(ce); o is the film electric
conductivity and gits thickness.
The density of absorbed powey,s (W.m?3) is given by:
2Zg
F 8(Z,+2Zc)" 2)
If e (film thickness + fluorescence layer thicknessnsall
compared to the wavelength and penetration dep¢hfilm
heating at thermal equilibrium can be evaluated by:
P_,.e
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Whereh is the heat transfer coefficient (W2nK™).

From (2) and (3) we obtain the electric field amyalie:

|
E| = kgwlaz"ﬂg
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Concerning the magnetic field component, the sgngim
has to be both nonconductive and composed with hig
permeability elements (patterned ferromagnetic fiam
already published [4] or commercial FLEX-TOKIN
absorber composed of ferromagnetic micro pelletsain
polymer matrix [5]). In the microwave regime,
ferromagnetic resonance (FMR) losses, or precesssses
take place as we show on Figure 2b. These areddlatthe
effective magnetic losses thickness defined tby u".t
(wherey" is the imaginary part of the permeability ainits
effective thickness). For lower frequencies heatingaused
by hysteresis losses (Figure 2a).
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Figure 2: Sketches of hysteresis loop (a) Sketoh&8/R (b)
The density of absorbed powRs,s (W.m?) is now:
Pops = wfp'"H® (6)
From (3) and (6) we obtain the magnetic field atople:
|H| |
H| =k, (AT
H £l
N e )
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I
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WhereC is the film heat capacity.

B. Fluorescence loading

A thin film of fluorescence solution is screen peith on a
magnetic or electric losses film in clean room. The
fluorescence film must be thinner than 100 um tglewt
heat conduction. We have chosen rhodamine B (ReB)&
fluorophore. The absorption peak wavelength of Rimside

B stirred in ethanol and epoxy is centered at 580and the
fluorescence emission peak is centered at 590 nmfilghs
are exposed to a 535 nm green light emitted by @ aEay
with a 450-550 nm band pass filter. To recover the
fluorescence signal we have to use a high pass filith
cutoff wavelength at 580 nm, we avoid any overlapMeen
the green light excitation and the fluorescencenaig
Absorption quantum vyield of RhB in ethanol rangesnt
0.69 to 0.97 [6]. We adapt the RhB molar conceiutnato
maximize the fluorescence signal without-stacking.
Finally, the obtained fluorophore layer thicknessaughly
100 um on this sample (Figure 3).

Figure 3: TOKIN E25 + fluorescence RhB layer.

C. Thermofluorescence setup
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setup

Figure 4 represents the schematics of the EMVIps§Ti
The microwave emitter is modulated (typically a2 Biz).
The film is exposed to microwave modulated signadl a
LED excitation at 535 nm (green LED). Film heatirg
registered by the S-CMOS camera (Dhyana400D 4
megapixel). The advantage of the low frequency rtaitiun

is to cancel out all continuous effects (naturahweztion,
thermal drift). Subsequent Fourier image demoduteti
allows increasing the signal-to-noise ratio.

I1l. HIGH IMPEDANCE SURFACE (HIS)

A HIS is a special passive electromagnetic strectbased
on metamaterial technology) designed for reducingusd
coupling between patch antennas (for applicatioh&res
size constraints are crucial: space systems fanpla.



(a) (b) IV. IMAGING NEAR FIELD OFHIS

A. Experimentation

We use a green LED-array source made with 180 L@Ds
535 nm). The light source laid about 20 cm fromsample,
and was tilted to avoid specular reflection (Fige It
provides an optical power density of 2.5 mW/can the
. film surface. The camera is placed at zero-degreilénce
PR, © with focal distance 20 cm. The acquisition timel ims; 10

images per second are collected for image proagssin

Figure 5:Simulation setup of the HIS embedded in the trassimn line,  (demodulation). The film is just in front of the St about
(b) picture of the realized structure [8] 1mm Q/150).

The microwave power (modulated at 0.2 Hz) is ofdhder
of 2 to 3 W. The HIS structure is connected to £25@ad.

Microstrip line

= HIS cells
Ground plane

Figure 5(a) shows how the HIS cells are located/een the

ground plane and the transmission line [8]. It'sdmaf  \easurements have been achieved for the 2 GHzameen

periodic elements consisting ofwo layers dielectric frequency, and also at 2.25 GHz to compare withribe-
substrateThe first dielectric layer includes a ground plane agonant  behavior. Images are obtained in both

on the bottom face. The second layer is made ok#me configurations and given in the next section.
material than the first. This layer is printed ¢t&two faces

with copper. On the bottom we have hexagon shageoan
the top, equilateral triangle shape with metallia o
connect the ground plane. This HIS is therefore pmmsad
of periodic capacitive and inductive elements. Wan c
simply model HIS by a LC parallel circuit:

Jlw
Iw) = ———;
W) = o 9)
The first resonance frequency is given by:
£ = 1
’ 21&"&_ (10) 5

And the bandwidth is: Figure 7: EMVI Setup in H field imaging mode.

B. Measurement

BW = {E (11) First, we observe the time dependence of one pitehsity

during microwave modulation on Figure 8. The sigwal

Figure 6 shows S12 parameters, with and without th&0iSe ratio of this signal has significant effeottbe quality

electric losses film [8]. We conclude from this tpie that Of the images. We applied the demodulation oniaklp to
we have resonance peaks at 1.2 GHz and a secondtonePPtain images of the field.

about 1.9 GHz (EMVI measurements will therefore be 1000

achieved at 2GHz). It can also be noticed thatfilhe is

relatively non-intrusive in so far as the resonapeeks are £ soof

3

almost not affected. 2
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Figure 8: Black: Signal of one pixel with magnesiensing film at 2GHz

[X=450 Y=170], Red: sine fit of the signal.
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Figure 6: S12 measurement of the HIS, with and auththethermo- ~ AS We can see we have a good correlation withfiind’he

emissive film [7] fluorescence variation is extracted from the sighgl
demodulation at the magnetic field modulation fregy
deduced from the fit of one pixel. The amplitude of
magnetic and electric field is proportional to gtpare root
of the heating according to equations (4) and Fiure 9,
10, 11 and 12 are images of the magnetic and Eldietids,



for two frequencies. We don't usgdnd k coefficient so all
images are in arbitrary unit (a.u).
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Figure 9: Magnetic near field image of HIS at 2 GHz
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Figure 10: Magnetic near field image of HIS at 2G83z
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Figure 11: Electric near field image of HIS at 2 GH
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Figure 12: Imaging electric near field of HIS &22 GHz
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These images show very different behaviors of th& H

depending on the frequency:

At 2.25 GHz the HIS is out of the band gap as wewsh
Figures 10 and 12 therefore show a passing behavior
without any resonance. On Figure 12 we see wenate
completely out of the resonance.

V. CONCLUSION

The EMVI method gives encouraging results on th& HlI
structure. It could be difficult to obtain largease images of
magnetic or electric field with local probes. EM¥llows
obtaining those images in a few seconds. Using latmons
would cost more time and effort. Compared to thmilar
EMIR method, the main advantages of EMVI are the lo
cost of the setup and the spatial resolution of MBS
camera, which is better than any IR camera. Imprmré of
the method is under progress. EMVI is proposed asva
thermo-optic  imaging sensor for electromagnetic
compatibility.
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At 2 GHz the HIS cells resonate and we can observe

subwavelength details of the magnetic and elengar field

(Figures 9 and 11). These details would have besy v
difficult to visualize using a standard probe, whic

illustrates the interest of the EMVI method.



