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INTRODUCTION

It is well known thatthetopographyof a surfacehasa stronginfluenceonits radiative propertie$?.
It will beshawn, in this paperthatruling alamellargrating- specificallydesigned onaflat surface
allows to producea highly directionalsourcethat behaeslike an antenna.We studythe spectral
anddirectionalreflectvity andemissvity of a Silicon Carbide(SiC) lamellargrating, both theo-
retically and experimentally We show that, due to the excitation of resonantsurfacewaves, the
radiative propertief a SiC gratingarevery unusual.Sucha sourceexhibits a high degreeof spatial
coherencdi.e. directiity)® andtemporalcoherencdi.e. quasi-monochromatiemissionj. Our
theoreticakalculationsarein very goodagreemenvith experimentakresults.

THEORETICAL CALCULATIONS

For the calculationsye usethe formalismdevelopedby Sentena@andGreffet® to studydiffraction
by gratingsof arbitraryprofile. Thisis anexactelectromagnetimethodbasedn anvolumeintegral
formulationof Maxwell’s equationsit enablesisto calculatethedirectionalandspectrapolarized
reflectvity of thegrating. The geometryof the gratingusedfor calculationsandexperimentss de-
pictedin Fig. 1.

E (electric field for parallel polarization)

Figure 1. Geometryof the SiC grating usedfor calculationsand experiments: L =3.12 um,
h=0.28 pmanda =6.25 um. For parallelpolarization theelectricfield is in the planeof incidence.



Figure2 shavsthe spectrareflectvity, for parallelpolarization(seeFig. 1), of the gratingfor three
anglesof incidence.

0.8

o
@

Reflectivity
o
£

0.2r

Figure2. Spectralreflectvity (for parallelpolarization)of the SiC grating versuswavelengthfor
threeanglesof incidence.

It is seenthatthe reflectvity displayssharpdips for particularwavelengths. For 6,,. = 47°, re-

flectivity is smallerthan0.2% at A = 11.36 um. We mustnoticethatthe gratingparametersvere

optimizedto achieve this very smallvalue. The physicalorigin of thesepeaksis the following: the

incidentlight on the gratingis coupledto resonansurfacewaves propagatingalongthe interface.
Thesewavesareabsorbedby Joules effect, sothatthereflectvity becomesery small. Furthermore,
sincethis couplingis aresonanphenomenont appear®nly for particularanglesof incidenceand

particularwavelengths Moreover, the surfacewavesareexcitedonly for parallelpolarization.Note

that,dueto Kirchoff’slaw, suchagratingexhibits sharppeakdn its emissiorspectrunfor particular
wavelengths.In the sameway, at a givenwavelength the directionalemissvity shouldalsodisplay
anarrov lobefor awell-definedangle.Thisis avery unusuabehaior for athermalsource.

COMPARISON WITH EXPERIMENTAL MEASUREMENTS

In this part,we presenexperimentakesultsobtainedwith the samegratingasabore. Fig. 3 shavs
the predictedand measure@ngulardependencef the directionalemissvity of the SiC gratingat
A = 11.36 pgm andfor the parallelpolarization.

Figure3. Predicteddashedine) andmeasuredsolid line) directionalemissvity (for parallelpolar
ization)of theSiC gratingat A = 11.36 um.

Notethatour simulationsncludethefinite spatialandspectraresolutionof the experimentaketup.



The predictedbehaiour is demonstrate@xperimentally:the emissvity displaysdirectionalpeaks
ata givenwavelength.This thermalsourcebehaesasaninfraredantennd However, a difference
in the peakpositionandintensityis visible in Fig. 3. It comesfrom the temperaturelependence
of theindex of refraction,thatwe cannotreproduceheoretically In fact, we madesimulationsat
T = 300 K, but measurementat 7' = 500 K. We mustemphasizehatthis type of thermalsource
hasa spectrunthatdependsstrongly on the angleof emission.To our knowledge,this is the first
exampleof a naturalsourcedisplayingthis effect, first predictedoy Wolf €.

In Fig. 4, we presenta comparisorbetweercalculatecandmeasuredeflectiity of the SiC grating
for two anglesof incidence 30° and47°, andfor parallelpolarization. Note that, in this case the
reflectvity measuremen@reperformedat 7' = 300 K, sothatour calculationcorrectlyreproduces
thepeakspositionandintensity evenfor theresonantvavelength.
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Figure4. Calculateddashedine) andmeasuredsolid line) spectralreflectvity (for parallelpolar
ization) of the SiC gratingat¥;,,. = 30° (left) andé,,. = 47° (right).

Theseresultscould have broadapplications. Quasi-monochromatisourceswith high directiity
canbe producedby designinga particularprofile on a materialsupportingresonansurfacesvaves
(e.g.glassin the IR). Furthermoreradiative propertieof surfacexanbe changedrom areflecting

to anabsorbingoehaiour.
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