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Usinga rigorousscatteringmodel,we studythe electomagneticfield arounda subwave-
lengthslit in a metalplate with finite conductivityandfinite thicknesslt is foundthatthe
transmissiortan be stronglyenhancedvhenthe phasesingularities(“optical vortices”)
of the Poyntingvectorhavea certainposition. e examinethe creationand annihilation
of differentkindsof phasesingularitiesas a functionof the incidentwavelengthand slit
width.

The study of the transmissiorpropertiesof a narrav slit in a metal plate datesbackto
Lord Rayleigh[1]. He consideredslit in a perfectlyconductingjnfinitly thin platewith
a width much smallerthanthe wavelengthof the incidentfield. In thefirst half of the
previous centuryexplicit resultsfor the light transmissiorasa function of thewidth of a
slit in sucha platewereobtained2]. Aroundthe sametime the transmissiorproperties
of a cylindrical hole in a perfectlyconducting,nfinitly thin platewerealsostudied[3].
An extensvereview of this subjectwasgivenby Bouwkamp[4]. In theseconchalf of the
twentiethcenturythelight transmissiothroughsub-wavelengthslits andholesin a thick
(i.e, notinfinitly thin) perfectlyconductingmetalplatewasalsostudied[5, 6, 7].
Recentlytherehasbeena new suige of interestin light transmissiorthroughsub-wave-
length structuresin a metalplate. This is dueto the obvious relevanceof the subject
for nearfield optics, and becauceof the extraordinarytransmissiormpropertiesof two-
dimensionalhole arraysin a metal plate reportedby Ebbeseret al. [8, 9, 10]. They
obsenred that the light transmissiorcan be strongly enhancedi.e., morelight is being
transmittedthroughthe holesthanis directly impinging on them. To understandhis
anomalouvehaior we have madeatheoreticaktudyof thesomavhatmoresimplestruc-
ture,namelythatof aslit in ametalplate.

We considera slit in metalplatewith both finite thicknessandfinite conductvity. It is
illuminatedby a laser which producesa linearly polarized,monochromatiplanewave
with angularfrequeng w, propagatingoerpendiculato the metal plate. To obtainthe
totalfield for this configurationwe transformthe steady-stat&laxwell equationsnto the
domainintegral equation[11] for the electricfield E

E(x) = E"(9 + joem—e0) | GOXX)E(X) o, (1)
sht

whereE™ s the electricfield of the backgrounctonfiguration(the metalplate without

theslit), G(x,x’) is the Greentensorfor the electricfield with respecto the background

configurationgm andeg arethepermittivity of themetalandair, respectiily andj? = —1.

We solwve Eq. (1) numericallyandcanthereforecomputethe transmissiorof the slit and

thePoynting vectoraroundtheslit. In Fig. 1 atypical numericalresultis shavn.
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Figurel: Behavior of the Poynting vectorneara narraw slitin a100nm thick silver plate
for a slit width of 200 nm. The incidentlight (comingfrom belon) hasa wavelength

A=

500 nm. The left- andrighthandedptical vortices(a,b,d ande) eachhave a topo-

logical chage of +1, whereaghetopologicalchage of the saddlepoints(c andf) is —1.
The transmissiorcoeficient T = 1.11. The color codingindicatesthe modulusof the
(normalized)Poynting vector(seelegend).
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