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INTRODUCTION

It is well known thatthetopographyof a surfacehasastronginfluenceon its radiativeproperties
��� �

.
It will beshown, in thispaper, thatruling a lamellargrating- specificallydesigned- onaflat surface
allows to producea highly directionalsourcethat behaveslike an antenna.We studythe spectral
anddirectionalreflectivity andemissivity of a Silicon Carbide(SiC) lamellargrating,both theo-
retically andexperimentally. We show that, due to the excitation of resonantsurfacewaves, the
radiativepropertiesof aSiCgratingareveryunusual.Suchasourceexhibitsahighdegreeof spatial
coherence(i.e. directivity)

�
andtemporalcoherence(i.e. quasi-monochromaticemission)

�
. Our

theoreticalcalculationsarein verygoodagreementwith experimentalresults.

THEORETICAL CALCULATIONS

For thecalculations,we usetheformalismdevelopedby SentenacandGreffet
	

to studydiffraction
by gratingsof arbitraryprofile.This is anexactelectromagneticmethodbasedonanvolumeintegral
formulationof Maxwell’s equations.It enablesusto calculatethedirectionalandspectralpolarized
reflectivity of thegrating.Thegeometryof thegratingusedfor calculationsandexperimentsis de-
pictedin Fig. 1.
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Figure 1. Geometryof the SiC grating used for calculationsand experiments: 
����������� m,� ����������� m and ������������� m. For parallelpolarization,theelectricfield is in theplaneof incidence.



Figure2 shows thespectralreflectivity, for parallelpolarization(seeFig. 1), of thegratingfor three
anglesof incidence.
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Figure2. Spectralreflectivity (for parallelpolarization)of the SiC gratingversuswavelengthfor
threeanglesof incidence.

It is seenthat the reflectivity displayssharpdips for particularwavelengths.For  �!�"$#��&%('*) , re-
flectivity is smallerthan �����,+ at -.�&�/�������� m. We mustnoticethat thegratingparameterswere
optimizedto achieve this very smallvalue.Thephysicalorigin of thesepeaksis thefollowing: the
incidentlight on the gratingis coupledto resonantsurfacewavespropagatingalongthe interface.
Thesewavesareabsorbedby Joule’seffect,sothatthereflectivity becomesverysmall.Furthermore,
sincethis couplingis a resonantphenomenon,it appearsonly for particularanglesof incidenceand
particularwavelengths.Moreover, thesurfacewavesareexcitedonly for parallelpolarization.Note
that,dueto Kirchoff ’slaw, suchagratingexhibitssharppeaksin its emissionspectrumfor particular
wavelengths.In thesameway, at a givenwavelength,thedirectionalemissivity shouldalsodisplay
a narrow lobefor awell-definedangle.This is a veryunusualbehavior for a thermalsource.

COMPARISON WITH EXPERIMENTAL MEASUREMENTS

In this part,we presentexperimentalresultsobtainedwith thesamegratingasabove. Fig. 3 shows
thepredictedandmeasuredangulardependenceof thedirectionalemissivity of theSiC gratingat
-0�1���/������ m andfor theparallelpolarization.
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Figure3. Predicted(dashedline) andmeasured(solid line) directionalemissivity (for parallelpolar-
ization)of theSiCgratingat -2�1�/����/�3� m.

Notethatoursimulationsincludethefinite spatialandspectralresolutionof theexperimentalsetup.



Thepredictedbehaviour is demonstratedexperimentally:theemissivity displaysdirectionalpeaks
at a givenwavelength.This thermalsourcebehavesasaninfraredantenna! However, a difference
in the peakpositionandintensityis visible in Fig. 3. It comesfrom the temperaturedependence
of the index of refraction,thatwe cannotreproducetheoretically. In fact, we madesimulationsat4 �5/�/� K, but measurementsat

4 �5�/��� K. We mustemphasizethat this typeof thermalsource
hasa spectrumthatdependsstronglyon theangleof emission.To our knowledge,this is thefirst
exampleof a naturalsourcedisplayingthis effect,first predictedby Wolf 6 .
In Fig. 4, we presenta comparisonbetweencalculatedandmeasuredreflectivity of theSiC grating
for two anglesof incidence,/�/) and %('*) , andfor parallelpolarization.Note that, in this case,the
reflectivity measurementsareperformedat

4 �7/��� K, sothatourcalculationcorrectlyreproduces
thepeakspositionandintensity, evenfor theresonantwavelength.
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Figure4. Calculated(dashedline) andmeasured(solid line) spectralreflectivity (for parallelpolar-
ization)of theSiCgratingat  �!�"$#8�9/��) (left) and  :!;"�#8�<%�':) (right).

Theseresultscould have broadapplications.Quasi-monochromaticsourceswith high directivity
canbeproducedby designinga particularprofile on a materialsupportingresonantsurfaceswaves
(e.g.glassin theIR). Furthermore,radiativepropertiesof surfacescanbechangedfrom a reflecting
to anabsorbingbehaviour.
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