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Light transport in photonic crystals composed of magneto-optically active materials
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We analyze the properties of light propagation through ordered structures made of metalliowiisks
embedded in a dielectric medium in the presence of a magnetic field. The magnetic field not only modifies the
polarization properties of the transmitted and reflected light, but it also induces absorption channels that give
rise to well-defined structures in the transmission spectrum and in the Faraday rotation. Interaction and size
effects are also analyzed. To perform the numerical simulations we extend an existing scattering matrix method
to deal with the off-diagonal terms of the dielectric tensor required for the proper treatment of magneto-optical
activity.
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I. INTRODUCTION be strongly enhancetf This enhancement is directly related

The optical properties of periodically arranged nanostruciC the localization of light in the PC as a result of the mul-
tures have received much attention in recent years. The g)le interferences inside the structure. The effect has also

structures, commonly called photonic crystdCs, can ex- een observed in the neighborhood of the stop-band of three-
hibit photonic band gaps in their dispersion relation or transdimensional photonic colloidal crystalsThe magnetic field
mission spectrum. Most of the experimental and theoreticaproduces other effects such as the nonreciprocity of the dis-
research concerning PCs has been confined to structur@S10N reIanr{w(k)#w(—k)J, which I_eads o S|tuat|ons n
composed entirely of dielectric materials, where no light ab-Which light can propagate in one direction but not in the

: ; : opposite directiof:® Furthermore, a magnetic field can be
sorption takes place. However, structures fabricated with ab ed to tune the position of the band gap of aPEAIl of

sorbing materials, such as metals, can also possess photot ése studies treated PCs constructed owli@fctric mate-

band gaps; they can also exhibit spectrall regions wherg lig Is where at least one compound possessed MO properties.
can propagate with almost no loss, despite the absorption o The effect of the magnetic field on the behavior of plas-

the metal. In particular, the photonic band structure of a two,ns in flat surfaces has been studied longtagoggesting

di_mensiqnal array of metallic entities embedded in a dielec'strong connections between the magnetic field and the plas-
tric medium has been calculated by several authdrshese  mon propagation behavior. Very recently, nice results about
studies have shown the existence of PC modes that originatge effect of the surface plasmon on the magnetic behavior of
from surface plasmon polaritons localized at the interfaceyanostructured gold thin film have also been put forwdrd.
between the metallic and dielectric material. Surface plastn this work we analyze the effect of a magnetic field on PC
mon polaritons are also present in nanostructured metallisystems composed of bothetallic and dielectric materials.
layers, and are responsible for the extraordinary opticalWe assume that the metallic portion of the system possesses
transmission observed in thin metallic films with an array ofMO activity, while the dielectric material does not. To the
subwavelength holesin general, the optical characteristics best of our knowledge such a study has not yet been pre-
of both of these types of metallic systems are established bsented, although some results on structures made on metallic
the optical properties of the materials and the geometry ofilms in the presence of a magnetic field have been put for-
the structures, and cannot be varied once the structures aneard. For example, optical transmission through a metallic
fabricated. However, in some applications it might be necesfilm with an array of subwavelength holes in the presence of
sary to dynamically change the optical characteristics of the@ magnetic field applied in the film plane was analyzed theo-
structure to control the flow of light, or the polarization stateretically in Ref. 14. In that study a strong dependence of the
of the transmitted light. To do so requires the use of materialérequency of the extraordinary transmission peak on both the
whose properties can be varied by external means such asagnitude and direction of the in-plane component of the
electric fields(e.g., when liquid crystals are employedr  applied magnetic field was found. More recently, experi-
magnetic fieldge.g., magneto-opticaMO) active materi- ments on optical transmission through arrays of subwave-
als]. For instance, a magnetic field applied along the direclength holes fabricated on Co films have also been
tion of propagation of a linearly polarized plane wave pro-performed:® In that study, contrary to the case of photonic
duces a rotation of the plane of polarization of the wavecrystals made of dielectric materidtSthe MO effects in the
(Faraday rotation Several studies have shown that in a one-spectral range of the anomalous transmission band were
dimensional PC containing MO materials such rotation caimmuch smaller than in nonperforated Co films. In the struc-
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tures that we consider in this paper, the layers are made of
metal wires or disks arranged periodically in a background
dielectric material. We also assume that the amount of metal
in each layer is much smaller than the amount of dielectric
material (that is, the filling fraction of the metal is fairly
smal)). Furthermore, in our study the magnetic field is ap-
plied perpendicular to the layer, and along the direction of
the transmission of light. Such structures can be easily ob-
tained by filling the pores of a porous alumina template,
obtained by an anodization process from pure aluminium I ]

foils, with a MO active metal® Under certain conditions the Ik ’,‘ i
pores form an hexagonal arrangemémtith a pore size and I g |
spacing in the nanometer range. These structures are rela- ',4...-»'-‘ | | | |

tively free from disorder over a range of several microns. 0% 20 20 50 30 100

Perfect hexagonal arrangements or even other geometries,
can be obtained using in-print lithograpiyTo calculate the
dispersion relation and optical transmission of the structures g5 1. (Color onling Dispersion relation of a infinitely long
we use a scattering-matrix formalism developed by Whit-gingle wire. Dots correspond to a 10 nm diameter wire and thin
taker and Culsha? which we have adapted to include the jines to a 40 nm one. Inset, schematic view of the system under
effects of the nondiagonal dielectric tensor that describegonsideration.

MO active materials.

The paper is organized as follows: first we present the'Com|oonents insidél) and outside(O) the cylinder. The
case of a hexagonal arrangement of metallic wires/disks eny - ction 7' (x)=J.(x) is the Bessel function of order, and
m m ’

bedded in a dielectric medium when no magnetic field is_5 “ "~ 7" . , :
applied. We discuss the effects of interactions due to thém)=Hp, (x) is the Hankel function of the first kind and
rime denotes differentiation with respect to the

wire-to-wire distance on the dispersion curve of the layer an®rderm. The_p erentiatio ESPX
on the transmission through this layer. We then present ol@fgumentx=K;p. The quantitiesK; —T"ij(‘*’)/?o‘q and
modified S-matrix formalism, and use it to analyze the effectm=€Xpimé+igz-iwt). The constants’~ andb"™ must be

of a magnetic field on the system. We conclude with a sumdetermined by the boundary conditions. Applying the bound-
mary of the results presented. ary conditions to the electric and magnetic field at the wire

surface we obtain the dispersion relation for the different

modes of the system.
II. INTERACTION EFFECTS ON THE DISPERSION In Fig. 1 we present the dispersion relation for an infi-
CURVE AND ON THE OPTICAL PROPERTIES nitely long metallic wire embedded in a background dielec-

) o . . ) tric medium with indexn=1.75. The dielectric constant of
For a single metallic wire embedded in a dielectric me-tne \wire is given by a Drude model

dium, the solution of Maxwell’s equations in cylindrical co-

q(um™)

ordinates(p, 6,2) gives rise to the following expression for ce e =1 iwng 2
the electric and magnetic fields for theth mode?02* S &y = @\ 2 in) ) (2)

_( M9 j_Muyjo_, j with 7=, w,=3.85 eV, anck,.=6.25. The chosen parameter
E,= ( K Z#‘(Kip)ai“ szp ZJm(Kip)me>Sm' values(excepptr) are similar to those of a metallike silver.
The dots in Fig. 1 correspond to a wire with diameter
mq._. P _ =10 nm, while the thin lines correspond t=-40 nm. For
E,= (—ZZIm(K]-p)ain— —J—ZJm(ij)me>Sm, reference, we also show the so-called light liigick solid
Kip Kj line in Fig. 1), that is, the dispersion curve corresponding to
. . a plane wave propagating in a medium with a refractive in-
E,=[Z(K;p)a},]Sn, dex equal to that of the background dielectric medium. The
branches located on the right-hand side of the light line rep-
mKZ + q?) . T , resent modes that have a purely imaginary in-plane momen-
H,= (LKTq)Zﬁn(ij)a{n— %ij(ij)b{'n)Sm’ tum Ko, and are thus strongly localized near the wire-
Kj@Rip j dielectric interfacé! The modes located on the left-hand
side of the light line have a real in-plane momentiig) and

K2+ _ . mq_, - thus spread deeply i [ [ i
ST I P TN L. B VRN pread deeply into the background dielectric, but remain
Hy ( @K Zm(Kip)em szpzm(KJp)bm Sn finite for p=o.

The PC system that we analyze in this paper is depicted
=[Z (K. p)b] ’ 1 schematically in the inset of Fig. 1. It consists of a periodic

[Z(Ki )] @ arrangement of wires embedded in a dielectric medium. In-

whereq is the momentum in the direction of the wire akgd  teraction effects between adjacent wires can potentially play
represents the in-plane momentum, whgré,O labels the  a large role, leading to a dispersion relation markedly differ-
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There are some important differences between the disper-

sion relation of a single wirgFig. 1) and the dispersion
relation of the metallic PGFig. 2). First, we observe the
appearance of modes whose dispersion relation almost fol-
lows a straight line. This is because for a wide range of
energiegwavelengths both the wire diameter and the wire-
to-wire distance are much smaller than the wavelength of
light, so the mediumiwires+matriy can be seen as an ho-
mogeneous medium characterized by an effective index of
refraction. This is unlike Fig. 1, where the dispersion relation
is always different than the light line. To quantify the extent
to which the PC structure can be described by a homoge-
neous medium we display the dispersion cutreck solid
line) obtained by using a Maxwell-Garnett effective medium
approach for the systefwires+matriy.?? This effective me-
dium approach reproduces some of the features observed in
the dispersion curve calculated using the scattering matrix
(SM) formalism, the feature at about 3.2 eV, and, to some
extent, the slope of the dispersion relation away from 3.2 eV.
The feature at 3.2 eV corresponds to a surface plasmon mode
of the wires, similar to the modes already reported in Refs.
1-3. However, there are other effects that are not reproduced
by the effective medium model, such as the extra branch of
modes appearing in the infrared regio®@-2 eV) of Fig.
2(a). Furthermore, the Maxwell-Garnett approximation does
not account for the effects of wire-to-wire interaction. For
example, in Fig. &), where the wires are spaced by 50 nm,
the feature at 3.2 eV displaysvo splittings instead of the

FIG. 2. (Color onling (a) Dispersion relation of a hexagonal One splitting observed in Fig(&, when the wires are spaced
array (lattice parametea=100 nnj for wires with 10 nm in diam- by 100 nm. We note that for the sake of clarity we have
eter. Open circleso.=0 eV, filled circlesw,=0.04 eV, we have removed the second branch of modes in the infrared region
usedr=%. Thick solid line corresponds to the MG approximation. of Fig. 2(b). The two splittings in Fig. @) come from the
(b) The same aga) but for an array wit,a=50 nm. Insets, detailed fact that the distance between the wires has been reduced,
view of the low frequency range. and thus the interactions between the surface plasmon modes
increase, giving rise to new couplings.

e ron ey oot oy o 12 To analyze the uansport propetesof he system long he
9 q IVE\vire axis, we have calculated the transmission of light in a

rise to electromagnetic field distributions divergent foin- : X )
finite, wherep is the distance from center of the cylinder, are system where the thickness of the wire layet 5200 nm.

discarded, because they have no physical significance. HowYe use the same D?Tameter values as for Fig. 2 gxqept that
ever, in our system such solutions must be considered, sincé€ NOW set7:16 eV in order to get a more realistic situa-
they are primarily responsible for the wire-to-wire interac- t'on (r=20 eV~ gives anomalously sharp peak$he refrac-
tion, which may lead to new classes of physically significantive index of the mc@ent_and substrate medium is tak_en to _be
modes. In F|g 2 we present the dispersion relation of a peequal to the refractive index of the baCkgrOUnd dielectric
riodic hexagonal arrangement of wires with the same wirgnedium in the wire layer. In Fig. 3 we plot the transmission
diameter(d=10 nm) as that of Fig. 1, but with a wire-to-wire through the structure for a wire spacing @218 nm(a),
spacing ofa=100 nm(a) anda=50 nm(b). As mentioned, a=100 nm(b), anda=50 nm(c). The open circles ita)—(c)
these curves were obtained using a scattering matrixepresent the case where no magnetic field is applied, while
formalism?®® which we have modified to describe the nondi- the thin lines represent the case where a magnetic field char-
agonal dielectric tensor required for the description of MOacterized byw.=0.04 eV, is applied. Again, in this section
activity. In Fig. 2 the open circles represent the case wherge concentrate on the case with no magnetic field applied.
no magnetic field is applied, while the filled circles give the  For a wire-to-wire distance acd=218 nm[Fig. 3], the
case where a weak magnetic field, characterized by a cycldransmission spectrum exhibits a single dip centered at
tron frequencyw.=0.04, is applied. In fact, because the mag-~3.6 eV. Since there is only one dip, we conclude that it
netic field is weak, the difference between the open circlegorresponds to the situation where a surface plasmon mode is
and the filled circles is not evident, except in the insets ofexcited in each wire, but the individual modes interact only
Fig. 2. In the remainder of this section we concentrate on theninimally with each other. However, when we reduce the
results withno applied magnetic fieldopen circleg In the  wire-to-wire distance ta=100 nm (b), which corresponds
following section we will consider the applied magnetic to the dispersion relation in Fig(&®, we note that the trans-
field, and give the details of our modifications to the scattermission dip has shifted te-3.2 eV, with a small shoulder at
ing matrix formalism. ~3.8 eV. We attribute this shift and the appearance of the
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FIG. 3. (Color online Trans-
mission as a function of the fre-
quency for s-polarized light at
normal incidence and forr
=6evl (@ d=10nm, L
=200 nm, a=218 nm wires for
w.=0 eV (open circley and w,
=0.04 eV (thin lines. Inset, de-
tailed view of the low frequency
1 . : — range.(b) The same as iffa) but
for d=10nm, L=200 nm, a
1 T =100 nm wires(circles and thin

solid lines for w.=0 eV and w,
061 a2isnm i =0.04 eV, respectively (c) The
04 = a=100m same as in(a), (b) but for d

a=50 nm _ _ _

=10 nm, L=200 nm, a=50 nm
. wires (circles and thin solid lines
(d) for w,=0 eV andw.=0.04 eV, re-
spectively and for d=40 nm, L
=800 nm, a=200 nm (squares
and dashed lings (d) Transmis-
sion spectra using a MG effective
medium for concentrations of
0.2% (thin solid ling, 0.9%
(dashed ling and 3.6% (thick
solid line). The aspect ratid/L is
0.5 for all three curves as well as
the thickness that i4. =200 nm.
5 (e) The same agd) but using the
o(eV) BR approach.
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shoulders to the beginning of interactions between the suinduced by surface plasmon interaction. Only when the wire-
face plasmon modes of the different wires. When we deto-wire distance is large do the effective medium models
crease the wire-to-wire distancede50 nm(c) we substan- give similar results to the results of the scattering matrix
tially enhance the surface plasmon interaction, andsimulations.
consequently we observe two extremely deep dips, which In Figs. 4a) and 4b) we present the calculated transmis-
correspond to the features in the dispersion relation irsion spectra for an hexagonal array of metallic disks embed-
Fig. 2(a). ded in the same dielectric matrix as in the case of the wires.
For the sake of comparison we present transmission spedhese spectra were obtained for a disk diameterdof
tra calculated using two different effective medium approxi-=10 nm and for a disk-to-disk distance @j a=100 nm and
mations, a perturbative approafdfig. 3(d)], where the me- (b) a=50 nm. The thickness of the disk layers was
tallic wires slightly modify the dielectric tensor of the =2 nm, which gives an aspect rafid/L) of 5 (for the wires
background dielectric mediufMaxwell-Garnet(MG) ap-  the aspect ratio was 0.p5Apart from the decrease of the
proximation]; and a self-consistent modgfFig. 3(€)] where  signal due to the reduction of the thickness of the metallic
the background dielectric medium and the metallic wires areslements, we observe several effects; first, there is an overall
treated on the same footirithe so-called BruggemafBR) redshift of the dips with respect to the case of the wires. This
approximation.?® The spectra were calculated for the threeis purely geometrical effect, induced by the change in the
different wire concentrations obtained from the three wire-aspect ratio. Second, the spectra have a richer structure than
to-wire distance considered above. Both approximations pren the case of the wires. This reflects the dependence of the
dict only one transmission dip, but the two differ in their interactions between the surface plasmons on the shape of
relationship between the strength of the dip and the wire-tothe structures. In Fig.(d) we present the transmission spec-
wire spacing. In the MG approximation the dip broadenstra obtained using a MG approximatigim the BR approxi-
slightly, and shifts towards lower energies as the concentramation a similar result is obtained, except for the aforemen-
tion increases. However, in the BR approximation the diptioned broadening of the peak, more pronounced in this case,
broadens considerably, and the shift towards lower energiess shown in Fig. @)]. Here only one dip is obtained, which
is larger than in the MG approximation. These behaviorsoriginates from the surface plasmon of the disk. This dip is
(broadening+shijt reflect the increasing interactions be- located at lower energy than the dip that originates from the
tween the metallic wires. Nevertheless, since both approxisurface plasmon of the wires. The spectra display a stronger
mations essentially model mndom (i.e., nonperiodig dis- dependence on the metallic concentration for the disks than
tribution of wires, they are not able to reproduce the splittingfor the wires.
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FIG. 4. (Color online Trans-
mission as a function of the fre-
quency for s-polarized light at
normal incidence and forr
=6 eV'L (@ d=10 nm,L=2 nm,
a=100 nm disks for w.=0 eV
(open circleg and w.=0.04 eV
(thin lines. (b) The same as ifa)
but for d=10 nm, L=2 nm, a
=50 nm disks (circles and thin
solid lines for w.=0 eV and w,
=0.04 eV, respectivelyand ford
=40 nm, L=8 nm, a=200 nm
(squares and dashed linegc)
The same as ifa) but for a square
array of disks. Insets, detailed
view of the low frequency range.
(d) Transmission spectra using a
MG effective medium for concen-
trations of 0.2%(thin solid line,
0.9% (dashed ling and 3.6%
(thick solid line. The aspect ratio
d/L is 5 for all the curves as well
as the thickness that is=2 nm.
- 0.98 - 4 (e) The same agd) but using the
099950507 06 051 BR approach.
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For wire-to-wire or disk-to-disk distances small enough to i(1- in)ng
exhibit strong interactions, the transmission spectra depend Ex= €y =1+ [(1—iwn?+ w2 €,
also on the geometry of the arrangement. This is shown in @ loT)"F W
Fig. 4(c) where the transmission spectrum of a square array o
of disks withd=10 nm anda=100 nm is shown. A compatri- €= (1 49T )6
son with Fig. 4a) reflects that there is not only a shift in the 2 o(l-ion))
position of the dips, but also a change in the overall structure
of the spectrum. i’

The position of the dips presented in Figs. 3 and 4 also Exy= T Eyx = . p2 22 €,
depends on the diameter of the wite disk). As we increase o[(1-i0n)™+ w;7’]
the diameter we observe a shift of the peak peak$ to-  wherew, is the cyclotron frequency, and the rest of param-
wards lower energy and also the appearance of peaks fetters have the same definition as in the preceding section.

(4)

larger diameterfsee squares in Fig(@ and Fig. 4b)]. Such To numerically simulate the effects of the magnetic field
finite size effects have also been observed in othepn our metallic PC we again use the scattering matrix for-
nanostructured’ malism developed by Whittaker and Culsh&tiowever, in

their formalism they assumed that the dielectric tensor was
diagonal withe,,=€,,=€,, To account for the effects of the

We now consider a dc magnetic field applied along themagnetic field we need a formalism that treats dielectric ten-
wire axis (or perpendicular to the plane of the disknd  sors of the form of Eq(3). To do so we change E¢3.5) of
assume that the effect of the applied magnetic field on th®ef. 19 to
background dielectric medium is negligible. The dielectric o
tensor of the wires, described by the Drude model, takes the ( By - nyx) (qz 0 ) . (kxkx kxky>

Ky

IIl. MAGNETIC FIELD EFFECTS

form 0 qz

- ;/xy ;7xx kykx ky
€xx  €xy 0 Mxx  Tixy 0 A A A A
e=|ex & 0| n=e'=|nx ny 0] (3 ( kiﬂ]uki/ _Aky nszx> <¢x ) = w2< % ) , (5
0 0 €, 0 0 ny - kx ;hzky kx ;7zzkx ¢y ¢y
where Where%ij represents the matrix containing the Fourier expan-
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sion of #;, ki is a diagonal matrix with elemeanG:ki
+G;, andG; is a reciprocal lattice vector in the direction
and ¢; are vector§ ¢, =[ ¢,(G,), ¢(G,), ...]") containing the

PHYSICAL REVIEW B71, 205116(2005

served. This peak is also present in the disk laysee insets

Fig. 4), with the same characteristics regarding its position
and magnetic field dependence as those observed in the wire
case. It is remarkable that the low frequency mode does not

plane wave expansion as that of Ref. 19. We consider diele%ippear in any of the effective medium models.

tric tensors that satisfy,,= 7y, and 7,=-7,,, which per-
mits the following definition:

H= ( Ayy - ;7yx) :< ;7xx :\”xy) :5_1 (6)
- ;7xy :'\7xx - ;]xy ;7xx

which, after defining

yoxX YRy

>

)
XT

(7a)

The origin of this feature comes from the interactions be-
tween the modes appearing on a single wire when a magnetic
field is appliec?® In the case of a single wire the modes
whose intensity outside the wire decrease when the distance
to the origin increases are located around for large g.
However, those solutions with increasing amplitiftteat do
not have physical meaning for a single wigge located at a
higher value of the frequency and in them lies the origin of
the features observed in the low frequency range of the spec-
trum.

As we have just mentioned, the application of a magnetic

R;] JA< -k o zf( figld along the axis of.the_ wiregor perpendicular.to the
K=\ Yy v (7b)  disks produces a modification of the state of polarization of
— KKy KT Ky the transmitted or reflected light. The numerical method that
we use allows us to directly calculate the conversion from

by s-polarized light intop-polarized light. In other words, the

¢= ¢y ' (70) polarizationrotation both in reflection(Kerr) and in trans-

mission (Faraday induced by the nondiagonal term of the
leads to the required eigenvalue equation for the momentumielectric tensor can be obtained. Since the incoming light is
g, i.e., the analogue to E@3.7) of Ref. 19, considered to be at normal incidence, the polarization con-
2_ 4 -2 version is purely a consequence of the fact #at- 0.
(™= K) = Kl¢=a7¢. ® Our calculation of the Faraday rotation of the metallic PC

Using this eigenvalue equation with our definitions, we canstructure is depicted in Fig. 5 for a hexagonal arrangement of
directly apply the formalism of Ref. 19 to obtain the fields wires (disks in the ins@twith a spacing ofa=100 nm(a).
and the transmission and reflection coefficients associatedle choosew.=0.04 eV, and all other parameters are the
with a metallic PC structure in the presence of a magnetisame as for Fig. 3. The regions of strong Faraday rotation
field. Both the background medium and the cylinders can, ircorrelate perfectly with the transmission dips in Figh)3and
principle, be metallic with a given magneto-optical activity. Fig. 4a). Again, for the sake of comparison we present the
However, in this paper we confine ourselves to the situatiofraraday rotation calculated using the two effective medium
where the background medium is purely dielectric, andapproximations discussed abci¥eThe intensity of the Far-
non-MO active, while the metallic cylinders embedded in theaday rotation for PC structure is weaker than that predicted
background dielectric medium are MO active. by either effective medium approach, both for wires and

We first analyze the modification that the magnetic fielddisks (note that both curves for the patterned medium have
induces in the dispersion curves of the patterned layer. Wbeen scaled by a multiplicative facjoiThis could indicate
will consider very weak magnetic fields, namely, that the periodic ordering in the PC structure induces a de-
=0.04 eV. This value ofw, corresponds to a MO activity crease of the polarization conversion due to collective ef-
similar to that observed in Co. The results are given by thdects, resulting in a decrease of the Faraday rotation. A re-
filled circles in Fig. 2. Since the magnetic field is very small, markable issue is the low frequency region, where the signal
on the large scale of the figure there is essentially no differfor disks is larger than that of the high frequency region, in
ence when the magnetic field is appligtbte that the open clear opposition to the intensity of the transmission spectrum
circles lie exactly on top of the filled onesHowever, a for the same parameters. The effect is not related to the en-
detailed look at the low frequency ran(gee insets in Fig.)2 hancement of the MO activity in photonic crystals, since
clearly reveals the effect of the nondiagonal terms of thehere the effect is due to multiple interferences induced by
dielectric tensor of the wires. For both values of the wire-to-the localization of the wave due to the band gap properties
wire diameter a new splitting of the light line is present wheninherent to these materials.
a magnetic field is applied. This modification of the disper- We also present results for a wire-to-wire spacingaof
sion curve has its consequence in the transmission spectrum50 nm Fig. §b). The general situation is the same as for the
as shown in the insets in Fig. 3 where we observe the agarger wire-to-wire spacing of Fig.(&. However, the rela-
pearance of a peak at low energies. For a fixed value of théve intensities of the peaks for the disks are now different:
wire-to-wire spacing the intensity of this peak increases linthe low frequency signal is smaller than the high frequency
early with the magnetic field and shifts to higher energies asne. This behavior was not noticeable when we analyzed the
w. increases. On the other hand, if we fix the value of thetransmission spectrum, showing that the Faraday rotation is
magnetic field and vary the wire-to-wire spacing, the posi-more sensitive to changes in the concentration of MO active
tion and intensity of the peak varies in a similar way as formaterials. In the case of the wires this effect is also present,
the high energy peak, although here no splitting was obbut the decrease in the relative intensity is smaller.
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FIG. 5. (Color online Faraday rotation as a function of the
frequency for s-polarized light at normal incidence and far
=6 eV' (a) d=10 nm, L=200 nm, a=100 nm wires for w
=0.04 eV (thin lines. Inset, the same fob=2 nm disks. Thick
solid lines(thick dashed lingsare the result considering the corre-
sponding MG(BR) effective medium(i.e., 0.9% concentration and
aspect ratios of 0.5 for wires and 5 for diskid) The same as ifg)
but for d=10 nm,L=200 nm,a=50 nm wires(thin solid line and
for d=40 nm,L=800 nm,a=200 nm(thin dashed lines Inset, the
same forL=2 nm (thin solid line andL=8 nm disks(thin dashed
line). The concentration is in this case 3.6%.
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IV. SUMMARY

To sum up, we have analyzed the transport properties of
light through a patterned medium, when the propagation is in
the direction of the axis of the cylinders/disks of the struc-
ture. To perform the analysis we have extended an existing
scattering matrix method to allow for the presence of off-
diagonal terms in the dielectric tensor. We have addressed
the problem of light transmission through a hexagonal array
of metallic cylinders/disks presenting a combination of plas-
monlike structures and magneto-optical terms. This combi-
nation gives rise to couplings that cannot be treated within a
traditional effective medium theory but that are accurately
described by the microscopic scattering matrix formalism.
The infrared part of the spectrum exhibit clear magnetic-field
induced couplings that can be of great utility in the frame-
work of sensors and biosensors. The behavior of the struc-
tures as a function of the concentration of metallic sub-
stances has also been discussed, revealing interesting size
effects. We have also pointed out that the infrared structures
appear also in the Faraday rotation but showing an interest-
ing concentration sensitivity. The large differences found be-
tween the effective mediuninot accounting for order ef-
fect9 and the patterned one for all the cases studied suggest
that the collective effects occurring in well ordered, periodic
media result in an inhibition of the polarization conversion
giving rise to a decrease of the Faraday rotation.
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