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Polarization conversion and “focusing” of light propagating
through a small chiral hole in a metallic screen
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Propagation of light through a thin flat metallic screen containing a hole of twisted shape is sensitive
to whether the incident wave is left or right circularly polarized. The transmitted light accrues a
component with handedness opposite to the incident wave. The efficiency of polarization conversion
depends on the mutual direction of the hole’s twist and the incident light's wave polarization
handedness and peaks at a wavelength close to the hole overall size. We also observed a strong
transmitted field concentration at the center of the chiral hole when the handedness of the chiral hole
and the wave's polarization state are the same085 American Institute of Physics
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Metallic films structured on the nanoscale show a rangenadion, measured from the end of one arm to the end of the
of unusual properties, such as extraordinarily high transmisepposing arm, wa& =4.1 um [Fig. 1(a)]. For our analysis,
sion of light through metallic films perforated with round, we used realistic values of the complex dielectric coefficient
rectangular and C-shaped hofedand strong linear birefrin-  of gold at different wavelengths from Ref. 9. To evaluate the
gence for asymmetrical opening3Metallic films with ar-  propagation of light through the metal screen with its chiral
rays of chiral (twisted holes, i.e., holes that are not their opening, we numerically modeled the electromagnetic fields
mirror images over any line in the plane of the film, are ofat a distance of 160 nm from the screen on the opposite side
special interest. They show polarization effects in diffractionto @ normally incident plane monochromatic electromagnetic
that are enantiomer sensitive, i.e., depend on whether th&ave. In our analysis, we used thREMLAB software package
structural elements of the array are twisted clockwise othat implements a true three-dimensional finite element
anticlockwise® while their microscope images in polarized Method for solving Maxwells equation.We studied the
light display unusual symmetriésHere, we show that transmission of the chiral hole for !ight at wavelengths
propagation of light through a metallic screen containing afom 1.3um to 5.6um, thus covering wavelengths both
hole of twisted shape is sensitive to whether the incidenghorter and longer than the characteristic size of the gamma-
wave is left(LCP) or right circularly polarizedRCP. The dion openingL=4.1 um. All results are presented in terms

transmitted light accrues a component with handedness o9/ the Stokes parameters of the incid&itand transmitted

posite to the incident wave intensity which peaks at a waveS fields that are defined in a standard fashidfin a Car-

length close to the hole overall size. We also observed &Sian coordinate frame. In this casg)s proportional to the
strong concentration of the transmitted field at the center of9nt intensity, while the combinationtS+S;)/2 represent
the chiral hole when the handedness of the chiral hole anH€ intensities of the left- and right-handed polarization com-
the wave's polarization state are the same. ponents of the field. _

For our study of chirality sensitive light propagation We found that t_he light transmitted th_rough the structure
through a chiral hole, we took a chiral opening of g(,j‘mma_accrues a polarization component opposite to the polarization

dion shape as an example. The gammadion arms were bentfﬁ"f‘te of the |_nC|defrf1t V;'a_\ll_ﬁ’ g'vt'ﬂg ?se to ?tc:jrcfgl?(; pt))olanza—
45°, as shown in Fig. (&), to make a clockwise twisted lon conversion elfect. 1hus, the transmitted neld becomes

structure, with a positive geometrical chirality index, as Cal_eIIipticaIIy polarized, with its polarization state being a func-

culated according to the definition in Ref. 8. We define it astlon of _coordmater_ in the xy pl_ane. F_lgure 1 illustrates a
. . . Lo dramatic polarization conversion at=4.1 um. The ob-

a right handed gammadion. The gammadion opening in the R ; : .
) . Served polarization conversion effect with circularly polar-

screen has four-fold rotational symmetry around an axis per-

endicular to the screen and a plane. of svmmetry that .ized light is governed by chirality. It is different by its mani-
pendicu . P y Y 'festation and nature from the well documented polarization
parallel to the screen. We investigated a free-standing fl

i ffect for li | lari light that is dri
gold film of thicknessd=140 nm with a single gammadion &onversion effect for inearly polarized light that is driven by

haoed sli .  The width of th i ? anisotropy of the structure and may be seen in a metal grat-
shaped slit cut into it. The width of the gammadion slit was;, consisting of a series of high and narrow ridges that are
chosen to bav=0.6 um, while the total length of the gam-

oriented at 45° to the polarization and?eThe dependence
of the effect reported here on the handedness of a circularly
¥Electronic mail: avk@soton.ac.uk polarized wave is obvious when comparing the intensity
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FIG. 1. (Color onling (a) General arrangement of the numerical simulatidret field mapsintensity[S{(r)iS;(r)]/[ng‘(r)] of the polarization converted
component of transmitted radiation fds) RCP and(c) LCP incident wavesRight field mapsintensity Si(r)/S5(r) of total transmitted radiation fdid) RCP

and(e) LCP incident waves. For all field maps, the incident wave propagates in the direction of the reader. The arrows illustrate the rotational dinection of t
electric field vector of the incident wave in the plane of the structure.

maps of transmitted light with converted polarization for il- repeated with a left-handed openifey mirror image of the
lumination with a RCP plane wavigrig. 1(b)] and a LCP  structure in Fig. 1, the polarization conversion effect be-
plane wave[Fig. 1(c)]. These field maps are dramatically comes more efficient for right-handed circularly polarized
different. The effect of enantiomeric SenSitiVity is also illus- ||ght From here’ one can make the intriguing observation

trated by Figs. (d) and ¥e), which show that total transmis- {nat since the perceived sense of twist of the chiral hole
sion is sensitive to the mutual handedness of wave and gam-

madion hole.

By integrating the intensities of the two circularly polar- @) 0.8 @
ized components over the whole gammadion opening, \f\/ S
we calculated the overall power transmissioil 08
:fS)’(r)dcr/fSé‘(r)da and the overall polarization conver- ':
sion efficiency K,=J[S(r)£S;(r)]da/ [2S)(r)do of the 07

screen with chiral hole at different wavelengilhere,do is

an area element of the observation plane sujfadee wave-
length dependence of the overall power transmission of the
hole[Fig. 2(@)] shows only a small variation with the wave-
length. Within the accuracy of our numerical method, we
found no dependence of the overall power transmission on
the incident polarization state. However, chiral effects are
very pronounced in polarization conversion, as can be seen
from Fig. 2b). When the handedness of the chiral hole and
the wave are opposifesolid line on Fig. 2b)], the polariza-

tion conversion efficiency reaches a maximum at a wave-
length close to the characteristic size of the chiral opening,
N=L. When handedness of the chiral hole and the wave
comud(_-:‘,_the polarization co_nversmn.ls nearly a factor of 2FIG. 2. (a) Wavelength dependence of the total transmisdighrough the
less efficient and has a maximum shifted to a shorter wavegammadion openingth) wavelength dependence of the total polarization
length [dashed line on Fig. (®)]. The chiral sensitivity di- conversion efficiencieX, for incident waves with the samiglashed line,
minishes for incident |ight Wavelengthsmuch shorter than K+ and opposite(solid line, K_) handedness of the gammadion. Inserted

TR . . i figure shows that the perceived sense of twist of a hole in a flat screen
the characteristic size of the chiral OpenlhgThIS is dem- depends on from which side of the screen it is observed. The polarization

onstrated by the convergence of solid and dashed lines ighnyersion efficiency for a wave of a given handedness depends on whether

Fig. 2(b) at A <1800 nm. If these numerical experiments areit falls on the screen from one side or another.
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FIG. 3. (Color onlineg Dependence of the field structure behind the gammadion hole on the polarization state of incident light indicated by arrows.
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