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Role of Wood anomalies in optical properties of thin metallic films with a bidimensional array
of subwavelength holes
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Recents works dealt with the optical transmission on arrays of subwavelength holes in a metallic layer
deposited on a dielectric substrate. Making the system as realistic as possible, we perform simulations to
enlighten the experimental data. This paper proposes an investigation of the optical properties related to the
transmission of such devices. Numerical simulations give theoretical results in good agreement with experi-
ment, and we observe that the transmission and reflection behavior correspond to Fano’s profile correlated with
resonant response of the eigen modes coupled with nonhomogeneous diffraction orders. We thus conclude that
the transmission properties observed could conceivably be explained as resulting from resonant Wood’s

anomalies.
DOI: 10.1103/PhysRevB.67.085415 PACS nuniber78.20—e, 42.79.Dj, 42.25.Bs
I. INTRODUCTION mode resonances in the behavior of the zeroth order reflexion

and the transmission.

Recent papers dealt with optical experiments and simula- Our numerical study rests on the following method. Tak-
tions with various metallic gratings constituted of a thin me-ing into account the periodicity of the device, the permittiv-
tallic layer deposited on a dielectric substra&t® Such ma- ity is first described by a Fourier series. Then the electromag-
terials are typically one- or two-dimensional photonic netic field is described by Bloch waves which can also be
crystals with a finite spatial extension in the direction per-described by a Fourier series. In this context, Maxwell equa-
pendicular to the plane where the permittivity is periodic. tOnS take the form of.a matricial f|rst-order differential equa-

One-dimensional gratings have been widely studied, ifion @long to thez axis, perpendicular to the andy axes

particular on account of interesting effects knows as Wood’é’"here t_he permittivity s p_erlodlﬁz. The heart of the
anomalies®-3°As shown by Hessel and OlinEtthis effect method is to solve this equation. One approach deals with the

take two distinct forms. One occurs in diffraction gratings at_propaga_tion of the solution step_ l?y step by “Sif‘g the §9atter-
' ing matrix formalism. More explicitly, we numerically divide

Rayleigh wavelengths if a diffracted_ order become§ tanger, o grating along to the axis into many thick layers for
to the plane of the grating. The diffracted beam INENSIY, hich we calculate the scattering matrix. The whole scatter-

increases just before the diffracted order vanishes. The Oth?rlig matrix of the system is obtained by using a special com-
is related to a resonance efféSuch resonances come from bination law applied step by step to eaShmatrix along to

a coupling between nonhomogeneous diffraction orders anghe ; axis. Indeed, it is well know that S matrices and their

the eigenmodes of the grating. Both types of anomalies mayompinations are much better conditioned than transfer
occur separately and independently, or appear together.

Neviere and co-workef8?! presented a wide study of the

causes of Wood’s anomalies. In addition to Rayleigh wave-

lengths they discovered two other possible origins of such d $
anomalies. One, called "plasmon anomalies,” occurs when

the surface plasmons of a metallic grating are excited. The Scattered
other appears when a dielectric coating is deposited on a light
metallic grating, and corresponds to guided modes reso- \
nances in the dielectric layer. In fact, both anomalies corre-
spond to differents cases of the resonance effect report by Incident
Hessel and Olinel® As shown by Hessel and Olin&t,de- i i:te /
pending on the type of periodic structure, the two kinds of 8
anomalies(i.e., Rayleigh anomalies or resonant anomalies

may occur separately or are almost superimposed. Finally,

we note that these concepts were first suggested by #ano.

In this paper we perform simulations to examine the be-
havior of the optical properties of a device which consists of
arrays of subwavelength cylindrical holes in a chromium
layer deposited on a quartz substréey. 1). The values of FIG. 1. Diagrammatic view of the system under study. Trans-
permittivity are those obtained from experimefitsWe  mission and reflection are calculated for the zeroth order and at
present the key role of the Rayleigh wavelength and eigenrormal incidence as in experiments.
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matrices>® Note that our algorithm has been compared withponent parallel to the surface, and the pulsation of an inci-
accuracy with others method such as Finite Difference Timelent plane wave on the system, respectively. We also define

Domain (FDTD) or Korringa-Kohn-RostokefKKR).34 In

the present work the convergence is obtained from two har-
monics only, i.e., for 25 vectors of the reciprocal lattice.

1/2

Ku,g.2= : (6)

w 2 N >
gu| ¢ —|k,+g|

Furthermore, here there is no convergence problem assoGjshere ¢, represents either the permittivity of the vacuum

ated with discontinuities such that we need to use Li's

method>3¢
In the following, for a square grating of parametemote

(g,), or of the dielectric substrate §). We note that ik, g ,
becomes imaginary then the diffraction orders become non-
homogeneous. The wavelength=€ 27c/w) values, such as

that, g= (2/a)(ie,+ je,), such that the couple of integers k, 5 ,=0, are called Rayleigh wavelengths.

(i,]) denotes the corresponding vector of the reciprocal lat-

We define the zeroth-order transmission and reflection as

tice, i.e., diffraction order. Reflected and transmitted ampli-

tudes are linked to the incident field by the use of e

scattering matrix which is calculated by solving Maxwell's

equation using a Fourier seri&slLet us defineF.,, as the
scattered field, an#;, as the incident field, such that

N§ N,
X4 X,
Fscar= W_ , Fin= W_ ) (1)
v d
X, Xq

whereA is a vector containing all the componeig. The
subscripte andd are written for the “vacuum” and “dielec-
tric substrate,” respectively, and the superscriptsand —

denote the positive and negative directions alongzheis

for the field propagation. For each vecﬁ)of the reciprocal
lattice, Nv_é and Xv_é are thes and p amplitudes of the re-
flected field, respectively, armgé andxgé, that of the trans-
mitted field in the device. In the same wa,; and X

define thes and p polarization amplitudes of the incident
field, respectively. TherFg.,; is connected td-;, via the
scattering matrix as

S(MFin(N)=Fgcaf ). (2

Then, the fluxJ of the Poynting vector through a unit cell

areao, for a incident homogeneous plane wave, is given by

+_ 7 INEAE +2
Jy _mkqu[ N g%+ 1X 51%T, )
= 2 KaadINg X gl
d 2 ow s dgzl 1 "Vdg dg
(,OZ > >
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Roy=—
Moreover, a numerical computation of the polesSfi) is
important in order to study the eigenmodes of the structure.
Let us write Eq.(2) as

S_l()\)Fscal()\):Fin()\)- ©)
In this way, the eingenmodes of the structure are solution of
Eqg. (9) in the casd~;,(\) =0, i.e.,
Sil()\)Fscat()\)ZO- (10)

This is a typical homogeneous problem, well known in the
theory of grating$®#*"~*Complex wavelengtha., =\
+i)\',], for which Eq.(10) has nontrivial solutions, are the
poles of dgtS(\)], as we have

defS™*(x,)]=0. (1)

In this way, if we extract the singular part 8fcorresponding
to the eigenmodes of the structure, we can wBtén an
analytical form a&2137-39

R
\)= N
SN E,,x—x,?

+Sp(N). (12

This is a generalized Laurent series, whBrgare the resi-

dues associated with each palg. S,(\) is the holomorphic

part of Swhich corresponds to purely nonresonant processes.
Thus, assuming thaf(\) is the mth component of

Fscat(N), we have, for the expression 6f\) in the neigh-

boorhood of one pola ,2021,37,38
N 13
( )—)\_}\77 S( ), ( )

wherer ,=[R,Fi,]n ands(\) =[Sy(\)Finlm-
Il. RESULTS

The calculated transmission against the wavelength of the

_incident wave on the surface is shown in Fig. 2 for the zeroth

where ghe electromagnetic field has been written as a Fourigjiffraction order, for light incidence normal to the surface
series’” @(x) is the Heaviside function, which gives 0 for and an electric field polarized parallel to theaxis. The

x<0 and+1 for x>0. IZ,, and w are the wave vector com-

diameter of the holesd=500 nm) and the thickness of the
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FIG. 2. Percentage transmission of the incident wave against its FIG. 3. Reflection against the wavelength of the incident wave
wavelength on the surface, for the zeroth diffraction order. The solicbn the surface, for the zeroth diffraction order. The solid line de-
line denotes the transmission for the square grating of parameterotes the reflection for the square grating of paramated um,
a=1 um, the dashed line denotes the transmission for the squange dashed line denotes the reflection for the square grating of pa-
grating of parametea=1.2 um, and the dotted line denotes the rametera=1, 2 um, and the dotted line denotes the reflection of a
transmission of a similar system without holes. The points num-similar system without holes. We note that the minima in Fig. 2 are
bered 1-4 denote sudden changes in the transmission whereas thatched by peaks in the reflectiésee Fig. 2, numbered 1-4. We
pointsA—C denote the maxima. have reported the point&—C which denote the positions of

maxima of the transmission.

film (h=100 nm) have been chosen according to the experi- ) . )
mental conditiond:? The solid and dashed lines represent the!€N9ths when the grating size increases, and they disappear
transmission for a square grating of parametrsl and when the §urface |s_un_|forr_n. Then it appears tha_lt the sudden
1.2 um, respectively, whereas the dotted line corresponds tg€C'€ase in transmission is correlated with an increased re-
the transmission for a similar system without holes. In Fig. 2, ection. .Moreover, the positions of the correlat_ed maxima
it is shown that the transmission increases with the wave@nd minima are calculated at wavelengths which seem to
length, and that it is characterized by sudden changes in tgPrrespond to Rayleigh Wavelengthg,' as shown in t,he first
transmission marked 1—4 in the figure. If wavelengths 1, 260lumn of Table 1. We report the positions of the maxima of
and 4 correspond to minima, wavelength 3 is neverthelesi@nsmission, marke—C, in Fig. 3. We note that the
not explicitely a minimum, as we will explain it below. Mmaximain transrmssmn are not correlated with specifics val-
These values are shifted toward larger wavelengths when tH&S Of the reflection. . .
grating size increases, and the minima disappear when con- N Fig. 4 we give the calculated absorption against the
sidering a system without a hole. Note that these result¥/avelength of the incident wave on the surface, for the ze-
qualitatively agree with the experimental data of Ebbeserioth diffraction orde.r. The solid line denotes the absorption
and co-workerd? Values of the wavelength marked 1—4 are O the square grating of parametar=1 um, the dashed
given in the first column of Table I. In the second column weliN€ denotes the absorption for the square grating of param-
give the values of the positions of maxima markedC in ~ €tera=1, 2 um, and the dotted line denotes the absorption
the figure. of. a S|m_|lar _system without holes. We report thg p05|tlon§ of
In Fig. 3 we give the calculated reflection as a function of MiniMa in Fig. 2, numbered 1-4, and the positions of points
the wavelength of the incident wave on the surface for thé*~C Which denote the maxima. These peaks are found at
zeroth diffraction order, for both gratings and for a systemlOnger wavelengths when the grating size increases, and they
without holes. The reflection curves are characterized byliSappear when the surface is uniform. Thus it appears that
maxima (numbered 1—¥which correspond to the minima he s_udden degrease in the tran_smlssm_n is caused by a com-
calculated in the transmission curves. In the same way, thkination of the increased reflection and increased loss due to
location of these maxima are shifted toward larger waveSurface roughness. _ _
Previous works™*® identified the convex regions in the
transmittance, i.e., those regions between the local minima,
as regions where plasmons exist. If this were indeed the case,
then we would expect to observe local maxima in the loss of

TABLE I. Positions of minima and maxima of transmission.

Minima (nm) Maxima (nm) energy. However, if we compare Figs. 2 and 4, we see that
(1) 708.90 (A) 951.21 the convex regions in Fig. 2 are not matched by an increased
(2) 1001.44 (B) 1320.57 loss in Fig. 4; nevertheless the maxima of absorption seems
(4) 1447.64 (C) 1678.12 to correspond to the minima of transmission.

On the basis of these results, we investigate the role of
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TABLE Il. Comparison between Rayleigh wavelengteecond 1.0
column of some diffraction ordergfirst columr with the poles of
the scattering matrix computed numericallthird column and
evaluated by measuring the wavelength of resonanceand the el (c)
width I' of some resonance curvéfourth column. (v/m) and /*__N_/\_/\/
(s/m) denote the vacuum/metal interface and substrate/metal inter-g 06k
face, respectively. 2
=
Diffraction Rayleigh's Polegnm) Extrapolated E 04} ®)
order wavelengttinm) poles(nm) @
(1,1 v/im 707.1 717.7%i20 711.88+i19.21 02
(1,0 vim 1000 101627 1013.26ri25.12
(1,1 s/m 1025.37 1010.26i59 1042.81i56.14 ool - - P . - - -
(1,00 s/m 1445.29 1438.76i54  1462.4%i71 400 600 800 1000 1200 1400 1600 1800 2000
Wavelength

Wood’s anomalies in the physical interpretation of our simu-  FIG. 5. Curve(a) shows the modulus of the electromagnetic
lations. In this way, we emphazise the existence of eigenfield of the orders £1,0) at the substrate/metal interface, as a func-
modes and their role via resonant coupling with the electrotion of the wavelength. The same holds for cufz but for the
magnetic field. vacuum/metal interface. Curve) shows the reflected (0,0) order.
First we study the poles and resonances of the grating. A@ne notices the presence of localized peaks in cuf@eand ().
explained in Sec. | the existence of eigenmodes is linked tdhe amplitude of the incident field is equal to 1 V'
the existence of poles of the scattering matrix. If we make . | .
the assumption that the role of purely non-resonant process {d/V2)|Fscaf\o)| is equal to &, . Before searching for a
negligible, i.e.s(\)~0, then Eq.(13) can be approximated typical resonance in the behavior of diffraction orders, we

by the following expressid2:="38in the vicinity of one check the e.xistence of poles of tlSematrix.'
pole \R+ix! : In the third column of Table I, we give the poles,
7 n*

=\2+i)!, of the S matrix computed numerically. We keep
only values whose real parts an close to val(Bs-(4) in

IFecalN)|~ L (14) Figs. 2 and 3. This result suggests the possibility of resonant
sea \/()\—)\3)2+ )\',,2’ processes. In order to investigate such an assumption, we

have studied the behavior of the intensity of some specific
which gives a typical resonance curve where the wavelengttiffraction orders on the vacuum/metal and substrate/metal
of resonance\, is equal toA?, and where the widt" at  interfaces. More precisely, we have considered diffraction
orders corresponding to the Rayleigh wavelengths connected
55 to the positions of the minima obtained in the transmission
curves. We compare the results with the transmission and
reflection curves.

In Fig. 5, curve(a) shows the modulus of the electromag-
netic field of the orders£1,0) at the substrate/metal inter-
face, as a function of the wavelength. The same is true for
curve (b) but the interface is now vacuum/metal. Curiog
shows the reflected (0,0) order. One notices the presence of
localized peaks in curves) and (b). Simulations allow one
to check that orders1,0) have onlyp polarization. These
.. peaks coincide with the minima of the curve of transmission
oF of Fig. 2. Since these peaks correspond to orders with

polarization, they are probably resonances of the structure.
25 4 . . . . . . To confirm this, we evaluate the poles by measuring the
500 750 1000 1250 1500 1750 2000 S R
wavelength of resonancg (which is equal tav;), and the
Wavelength (nm) width T at (1A2)|Fscaf\,)| (which is equal to 2)). We
FIG. 4. Absorption against the wavelength of the incident WaveObta_lln results given in the fourth _Column of Table ”_‘ One can
on the surface, for the zeroth diffraction order. The solid line de-€aSilly compare these results with those of the third column
notes the absorption for the square grating of parameter Of Table Il. This confirms the resonant characteristic of the
=1 um, the dashed line denotes the absorption for the square gragiffraction orders (=1,0) at the metal/vacuum and metal/
ing of parametea=1, 2 um, and the dotted line denotes the ab- Substrate interfaceliHessel and Oliner called such diffrac-
sorption of a similar system without holes. We have reported thdion orders “resonant diffraction orders(Ref. 19]. Note
positions of minima in Fig. 2, numbered 1-4, and the positions ofthat the orders £1,0) at the vacuum/metal interface and
points A—C which denote the maxima. (£1,=1) at the substrate/metal interface have poles with

50

45

40

Absorption (%)

35
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FIG. 7. Some examples of typical Fano profiles.

FIG. 6. Behavior of the amplitude modulus of the diffraction
orders (0x1), respectively for the interface vacuum/mdialirve  sponds to the zero of Eq&l3) and (15). Equation(15) cor-
(a)] and for the interface substrate/meftalirve ()] as a function  responds to the profiles of Fig. 7. This last expression takes
of the wavelength. Curvé) corresponds to the order (0,0) in trans- into account the interferences between resonant and purely
mission. All these orders exist only with a polarizatieriThe am-  nonresonant processes. In this way, the profiles which corre-
plitude of the incident field is equal to 1 V. spond to Eq.(14), i.e., a purely resonant process, tend to

become asymmetric. As shown in Fig. 7, the dashed curve

closer real parts. This means that both modes are almoshows a typically resonant process like those described by
degenerated, with the consequence that both mode effeats). (14). On the other hand, solid and dash-dotted curves
cannot be clearly distinguished particularly for the transmisshow a typical behavior where a minimum is followed by a
sion. So wavelengtt8) does not seem to provide a minimum maximum, and vice versa assuming the values.oThese
as clearly as wavelengt(2). rofiles tend towards,|2 when\ tends to+ . We note that

Figure 6 shows the behavior of the amplitude modulus othese properties, which result from the interference of reso-
the diffraction orders (& 1) for the vacuum/metdicurve  nant and nonresonant processes, are similar to those de-
(a)] and for the substrate/metfturve ()] interfaces, re-  scribed by Hessel and Olif€rand Fand? For this reason
spectively, as a function of the wavelength. Cutgecorre-  profiles like those described in Fig. 7 are often called “Fano
sponds to the order (0,0) in the transmission. All these ordergrofiles.”
exist only with a polarizatiors. One notices that the minima  |n order to refine the interpretation of our results, in Fig. 8
of these curves are correlated with the peaks of resonancege represent the three curvésansmission, reflection, and
On the other hand, we know that orders witipolarization  resonant diffraction ordgron a more restricted domain of
cannot present resonances. From this point of view, thgvavelength in the range 1300—1900 nm. In this range, since
minima of the curve of transmission of Fig. 2 are correlatecthe Rayleigh wavelength is associated to the resonant diffrac-
with the resonances, while the behavior of the convex part§on order (1,0) for the metal/substrate interface, we repre-
of the curves of transmission can be interpreted according tgent the amplitude of this order only. The solid line denotes
the profile of the orders of polarizatiqn the transmission, the dashed line denotes the reflection, and

Let us now turn to Wood's anomalies. We consider thethe dash-dotted line denotes the amplitude of the resonant
case where purely nonresonant process cannot be totally ngiffraction order. We also indicate the position of the corre-
glected, so that we suppos@\) ~s,. Thus itis easy to show sponding Rayleigh wavelength, as well as that of the maxi-

that Eq.(13) can be written a$*? mum of resonancévertical dotted lines One labelqa) the
R 12 max_imum of the transn_]issior(b) the minimum of the re-
F l()\)lzz(k—)\z) TA; I (15) flection, and(c) the maximum of the reflection.
sca ol One notices that the maximum of the resonance does not

(A=AD)2Z4+ N7 ! tices he . ;
strictly coincide with the maximum of the reflection and the
with minimum of the transmission. Also, one notices that the
R_\R _R N | maximum of the reflection does not coincides with the mini-
Az=Ay—vToand A =N v (16 mum of the transmission. On the other hand, the Rayleigh
wavelength seems to correspond well with the minimum of
the transmission. We notice that the diffraction order is ho-
r, mogeneous for wavelengths lower than the Rayleigh wave-
V=g (17 length. For this reason, the resonance peak cannot be ob-
served for wavelengths lower than Rayleigh wavelengths.
Coefficientr shows the significance of resonant effects com-So, if one intends to take away the position of the resonance
pared with purely nonresonant effects,=\5+i\} corre-  of the value of the Rayleigh wavelength, one can male it

where
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12F T ]2 Interference between Fano’s profiles
- r\ resonant and nonresonant
3 :
< s 0 (0)° processes T or*®
S0} BN ~q10 - e, S
7] - - / —_ L) 2
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L : 48 =

5 JE N s by Resonant profile ©,0) ©,0)
- - ,- o r
2 : 2 1
s 6 46 = s(A)
S g
g i
= 4 4
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2 N R: M N N N 1 2

1300 1400 1500 1600 1700 1800 1900

Wavelength (nm)

FIG. 8. The set of three curvedransmission, reflection and
resonant diffraction orderon a more restricted domain of wave- . . .
length included between 1300 and 1900 nm. In this domain Ray- . FIG. 10. Dlagra_mmatlc represen_tat_lon of the processes respon-
leigh’s wavelength is associated with the diffraction or¢lg0) of sible for the behavior of the transmission properties.
the interface metal/substrate. We also indicate the position of the
wavelength of the corresponding Rayleigh wave as well as that oehoose this permittivity value for the metal such that we
the maximum of resonancé) is the maximum of the transmission, Select a peak of resonance farther from the Rayleigh wave-
(b) the minimum of the reflection, antt) the maximum of the length than in the previous case. The choice of this value
reflection. Solid line: transmission; dashed line: reflection; dashcomes from research on the compromise between the posi-
dotted line: resonant diffraction order. The amplitude of the incidenttion of the peak of resonance and its width, so as to illustrate
field is equal to 1 V™. our matter clearly. As in Fig. 8(@) is the maximum of the

transmission(b) the minimum of the reflection, an@) the
priori only in the direction of increasing wavelengths. maximum of the reflection(d) is the minimum of the trans-
Should the opposite occur, the position of the resonance peakission.
tends toward Rayleigh’s value. This time, one notices in a clear way the absence of co-

As in Fig. 8, in Fig. 9 we represent the three cur(tesns-  incidence between the peak of the resonance and the minima
mission, reflection, and resonant diffraction opdésr the  (respectively the maximaof the reflection(respectively of
same physical parameters. However, whereas in the previotiansmission Contrary to what is generally assumed®
case the value of the permittivity of the metal film was thatone sees that the nonresonant Wood’s anomalies connected
of chromium?! we now use a value equal to25+i1 which  to Rayleigh wavelengths are not the cause of the minima of
does not depend on the wavelength. Such a value of théne transmission. They simply correspond to a discontinuity
permittivity does not correspond to an existing material. Weof each of the three curves. It is particularly important to note

that the profiles of the transmission and reflection correspond

2,0 2.0 to Fano profiles, as discussed below. One can interpret the
< Al /‘\ behavior of these spectra in terms of resonant Wood's
& : I\ anomalies in the sense described by Farmmd by Hessel
215} l: \ J1s and Oliner'
E () I : -
2 . E
gl N/ Y lll. DISCUSSION
2 1 3
E /-,{.7.\ g In order to understand the physical mechanisms respon-
-% -~ o g sible for the behavior observed in Figs. 8 and 9, in Fig. 10
%0.5 L7 . / (d we represent the corresponding involved processes. In Fig.
« : 10, circles A and B represent diffracting element&.g.,

o0 '\\‘ holes. So an incident homogeneous waigdiffracts in A

1200 1400 1600 1800

Wavelength (nm)

2000

and generates a nonhomogeneous resonant diffraction order
(e) [e.g.(1,0)]. Such an order is coupled with an eigenmode
which is characterized by a complex wavelength. It be-

FIG. 9. Asimilar system to that in Fig. 8 except that the value of ©©MeS possible to excite this eigenmode, which leads to a

the permittivity of the metal film here is equal t625+i1. As in
Fig. 8, (a) is the maximum of the transmissiofin) the minimum of
the reflection, andc) the maximum of the reflectiond) is the

feedback reaction on the ordes)( This process is related to
the resonant term.
The diffraction order(e) diffracts in B, and generates a

minimum of the transmission. The amplitude of the incident field iscontribution to the homogenous zero diffraction order (0,0).

equalto 1 vm?.

Thus one can ideally expect to observe a resonant profile,

085415-6



ROLE OF WOOD ANOMALIES IN OPTICA. . .. PHYSICAL REVIEW B 67, 085415 (2003

i.e., Lorentzian-like, for the homogenous zero diffraction or-by Fand? and Hessel and Oliné?,for one-dimesionnal grat-
der (0,0) which appears . Nevertheless, it is necessary to ings, Wood’s anomalies can be treated in terms of eigen-
account for nonresonant diffraction processes related to theodes grating excitation. In this context, these authors dem-
holomorphic term. So incident wave)( here represented in onstrated the asymmetric behavior of the intensities of the
B, generates a homogeneous zero order. Then one takes iftomogeneous diffraction orders according to the wavelength.
account the interference of two rates, resonant and nonres®ne can conclude that the results of Ebbesen’s experiments
nant contributions to zero order. The resulting line shapes areorrespond to the observation of resonant Wood's anomalies.
typically Fano profiles which correspond to resonant pro- Here, as we use metal in our device, it seems natural to
cesses where one takes nonresonant effects into account. Casume that these resonances are surface plasmons reso-
notes that a maximum in the transmission does not necessamances. Nevertheless, it is important to note that our analysis
correspond to a maximum of the resonance of a diffractiordoes not make raise hypothesis as to the origin of the eigen-
order. This is exactly the process observed in Fig. 9, wherenodes. This means that it could be possible to obtain trans-
the resonance is associated with the diffraction order (1,0)mission curves similar to those for metals, by substituting the
So, the Fano profiles of the reflection and transmission resufiurface plasmons by polaritons or guided modes. This work
from a superimposition of resonant and nonresonant contris in progress.
butions to the zero diffraction order.

If one ref_ers to Fig. 8, the concrete case of chromlum, the IV. CONCLUSION
resonance is closer to the Rayleigh wavelength than in the
case of Fig. 9. On the other hand, the positions of the maxi- Using a system similar to that used in recent papérge
mum and minimum of a Fano profile are determined by thehave shown that numerical simulations give theoretical re-
resonance position. More precisely, if the resonance isults in good qualitative agreement with experiments. Previ-
shifted in a given direction, the maximum and minimum of ous authors suggested that the results are due to the presence
the Fano profile tend to be shifted in the same way. Consesf a metallic layer, such that the surface plasmons could give
guently, in the present case, the maximum and minimum ofise to transmission curves of these characteristics. We have
the asymmetric Fano's profile are shifted toward the Rayperformed simulations using the same geometry, and ob-
leigh wavelength in the same way as the resonant responsgerved that the transmission and reflection behaviors corre-
In Fig. 8, in the case of the transmission, minim(his not  spond to Fano profiles correlated with the resonant response
of the same kind of the minimurtd) in Fig. 9. This is not a  of the eigenmodes coupled with nonhomogeneous diffraction
true minima of the Fano profile. All occurs as if the mini- orders. We thus conclude that the transmission properties ob-
mum of the Fano profile disappears behind the Rayleiglserved could conceivably be explained as resulting from
wavelength toward low wavelength. In other words, theresonant Wood's anomalies.
minimum (d) in Fig. 8 comes from the cutoff and the discon-
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