PHYSICAL REVIEW E, VOLUME 65, 036701
Polarization state of the optical near field

Gadan Leveque, Geard Colas des Francs, and Christian Girard
Centre d’Elaboration des Mateux et d’Etudes Structurales (CNRS), 29 rue J. Marvig, F-31055 Toulouse, France

Jean Claude Weeber
Laboratoire de Physique de I'Universitie Bourgogne, Optique Submicronique, 9 Avenue A. Savary, F-21078 Dijon, France

Christophe Meier, Gale Robilliard, Renaud Mathevet, and John Weiner
LCAR (CNRS), Universitaul Sabatier, 118 Route de Narbonn€ tiBent 3R1-B4, 31062 Toulouse Cedex 04, France
(Received 4 October 2001; published 7 February 2002

The polarization state of the optical electromagnetic field lying several nanometers above complex
dielectric-air interfaces reveals the intricate light-matter interaction that occurs in the near-field zone. From the
experimental point of view, access to this information is not direct and can only be extracted from an analysis
of the polarization state of the detected light. These polarization states can be calculated by different numerical
methods, well suited toaear-field opticsIn this paper, we apply two different techniquiéscalized Green’s
function method and differential theory of gratinde separate each polarization component associated with
both electric and magnetic optical near fields produced by nanometer sized objects. A simple dipolar model is
used to get an insight into the physical origin of the near-field polarization state. In a second stage, accurate
numerical simulations of field maps complete data produced by analytical models. We conclude this study by
demonstrating the role played by the near-field polarization in the formation of the local density of states.
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[. INTRODUCTION work requires a realistic numerical implementation of the
combined AFM/PSTM probe tip, we can obtain useful infor-
Light interactions with dielectric or metallic surfaces dis- mation by analyzing the near-field polarization state versus
playing well-defined subwavelength-sized structurestural  the polarization state of the illumination mode.
or lithographically designedgive rise to unusual optical ef- In addition, in closely related contexts, the control of the
fects [1-12]. The recently observed “light confinement near-field polarization state provides an interesting and ver-
state” in which the light field is trapped by individual surface satile tool for generating powerful applicatioifginneling
defects, belongs to this class of phenomé8h Although, time measurementgl4], highly resolved microscopy and
with usual dielectric materialgor example, silicy the local  spectroscopy1], surface plasmon resonance spectroscopy of
near-field intensity variations observed around the particlemolecular adlayergl5], atom optic§19,20. More precisely,
(or structures remains moderate over the optical spectrumin the field of atom optics and interferometry, one is inter-
(between 10 to 40% of the incident light intengjtyhese  ested in building diffraction gratings that can play the role of
variations can nevertheless be easily mapped with the tip feam splitters. Several devices have been successfully real-
a photon scanning tunneling microsco®STM) [8]. The  jzeq, ranging from mechanical transmission gratings to light
images recorded with this technique reveal dramatic change§anding waves in free space or evanescent for a prism. For a
when passing from the TNiransverse magneji¢o the TE-  yonera) review, the reader is referred to R&6]. To circum-
polar!zed modes(transvers_e electric In general, TM- vent some theoretical limitationd 7], it has been recently
po:ar!zeg II.'gEt t'(:ands tﬁ dlsplay_ Iargelr colntras}t t_han -LE'proposed[18] to use micrometer sized metallic stripes to
polarized light. From the experimental point of view, t eshape the evanescent field. A full near field, metallic/

definition of the polarization direction of the incident and ielectric approach obens obviously new perspectives. In
detected intensity must be defined with respect to a uniqug bp P y PErsp '

incident plane. About six years ago, Van Hulst and colIabopartiCUlar’ the spacing period is no longer linked to the

rators proposed a clever probe configuration devoted to pd'gtomm optical transition and a reflection structure cannot

larization mapping13]. These authors performed these mea-c_lug' Moreover, higher harmonics in the optical evanesceljt
surements by using a combined PSTM/AFM microscope irfi€ld can be tuned to produce, for example, a blazed atomic
which detection is implemented by a microfabricated silicon-grating. Nevertheless, the optical potential is strongly related
nitride probe. From this technique, polarization contrast ig0 the light field polarization, which is a farther motivation
extracted by changing the polarization directions of both thdor the present study. We will begin our theoretical analysis
incident and the detected light. The main findings gathered iwith a simple dipolar scheme in which the main experimen-
this work [13] concern the relative efficiency of the four tal parametergincident angle, optical index, polarization of
excitation-detection possibilitie§TE/TE, TE/TM, TM/TE, the incident light, et¢.appear explicithf21-23. In a second
and TM/TM) to record a highly resolved PSTM image. In stage, these results will be completed withamninitio ap-
particular, the efficiency of the TM/TM acquisition mode is proach allowing objects of arbitrary shape to be treated ex-
well reproduced. Although a complete interpretation of thisactly.
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also a complete change of the polarization state. At subwave-
length distances from the scatterers, we expect, therefore, to
observe the occurrence of new components that were absent
in the incident field Ey(r,t);Bq(r,t)}. The physical origin of

this polarization transfer can be easily understood if we in-
troduce the two relevant field propagatdds and Q, that
establish the physical link between the oscillating dipole
w(t)=a®(R,wg)-Eo(R,t) and the new near-field state
{E(r,t);B(r,t)} generated above the particle

E(r,t)=Eq(r,t) + S(r,R) - a®*M(R,wg) - Eo(R,t), (5)

FIG. 1. Schematic drawing of the model system used in the2"d
present section. A transparent substrate, of optical inuex/? ”
supports a small dielectric sphere of radRisThe system is illumi- B(r,t)=Bo(r,t)+ Qo(r,R,wo) - @*"(R,wp) - Eo(R1),
nated in total internal reflection with an incident anglg and R (6)
=(0,0R). xOzis the incident plane. ) ) )

where in the near-field zone, i.e., whelt—R|<\,
II. POLARIZATION OF THE LIGHT ABOVE A SINGLE =2mcl wg,
DIELECTRIC PARTICLE

3(r—R)(r—R)—|r—RJ%1

To illustrate the coupling between a polarized incident So(r,R)= , (7)
wave and a small spherical object lying on the sample, we Ir—RJ°
consider the simple dipolar model depicted in Fig. 1. The
substrate modifies the polarizability,(w) of the particle. and
We have then
eff . 0 —(z-R) vy
a*"'(R,w)=ap(w)-M(R,w), (1) Qo(r\R,wg) = lwg . 7-R 0 —x
with clr=R -y X 0
i ®)
M(R,0)=[1-S(R,R,®)- ag(w)] ™% 2

The discussion of the two equatiof® and(6) can be made

where S(R,R, ) is the nonretarded propagator associatetkasier when considering specific examples.
with the bare surface, arld=(0,0R) labels the particle lo-

cation. Within this description, the optical properties of the
spherical particle-surface supersystem is described in terms
of a “dressed” polarizability[24,23. The analytical form of In this incident polarization mode, the electric field is di-
a®'" can be derived from Eq10) of Ref.[5]. This dyadic rected along the QY) axis. We have thenEy(R,t)
tensor remains diagonal with two independent components [ 0,Eq(t),0]. Let us see what happens when the observation
af'" (perpendicular to the interfacandaf'" (parallel to the  point moves along the diagonal straight ling-B) schema-

B. lllumination with a TE-polarized surface wave

interface: tized in Fig. 2. For a giverB angle, the introduction of the
position vectorr=[r cos(),r sin(8),z] (wherer varies be-
off 8(n°+1)ay(w)R® tween—o ande) along the line A-B), allows the electric

af (R,o) (3)  field polarization evolution to be observed when passing

= 2 3__ 2_ !
8(n"+1)R*— ao(w)(n"~1) over the particle. Each Cartesian component can be simply

extracted from Eq(5). This leads to three analytical relations

and
eff 2 i
aj (R,w)3r<coq B)sin(B)
et AP+ Dag(@)R® EL(t) = Eg(t) — OENE) )
at"(Riw)=———— @ [r2+(z=R)??
4(n“+1)R°— ap(w)(n°—1)
wheren is the optical index of refraction of the substrate. Ey(t)=Eq(t){1+ aﬁ”(R,wo)ﬂﬁ)}, (10
A. New field components in the near-field domain with
At an observation point located above the sample ( 2 i ) B2
>0) and in the immediate proximity of the particle, the in- T(B)= 2r° si(B) —r* cos'(B)—(2—R) . (1)
cident light field is locally distorted. As illustrated in Ref. [r2+(z—R)?|%?

[25], these distortions generate not only a profound modifi-
cation of the intensity levelboth electric and magnejicbut  and
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; By(1)=0, 17)
K = @0 by AL ’
0= Re and
—l

i wor cog B) .
C[rzj(z—R)z]s/zaHffEO(t)- (18)

B,(t)=Bo,(t) +

=
/, X»

Unlike what happens with the electric field, the particle does

not produce new magnetic field components in the near field.
In this case, the polarization change corresponds to a differ-
ent balance in the initial components. It is important to recall

that we have used the dipole approximation to describe the
particle-field interaction, i.e., the size of the particle is as-

sumed to be small compared to the wavelength of light. In a
more realistic calculation, with nanostructures of character-
istic dimension=100 nm, this result is not rigorously exact.

FIG. 2. Top view of the single spherical system depicted in Fig'However we still expect. in TE polarization mode. a negi-
1. The straight line A-B) that passes over the sphere center at a ’ pect, P ’ 9

constant height is used to evaluate the polarization change pro-g'bl_e Par“‘?'e cor_1tr|but|on @, compared to the total mag-
duced by the particle. netic field intensity.

Ill. AB INITIO STUDY OF THE NEAR-FIELD

eff ;
R,w0)3r s -R
o (R.wg)3r sinp)(z—R) (12) POLARIZATION STATE

|r2+(z—R)2|5’2

E.(t)=Eo(t)
Analytical results presented in the previous section supply

Some interesting features can be deduced from these equadalitative information about the spatial polarization state
tions. distribution. In a recent paper, analysis of polarization effects

(i) First, we observe that the polarization is not modifiedas proposed in the context of near-field optics in which a
when the observation point is perpendicular to the particlidiMited number of single particles were investigate).

center(i.e., whenr =0). The set of equations reduces then toSiNce in many practical situations experimentalists are inter-
ested in lithographically designed structures, these prelimi-

E,(1)=0, (13 nary analyses must be completeddlyinitio procedures for
solving Maxwell’s equations.

af"(0,0z,0) _ .
E\()=Eo(D)\ 1 —F—F., (14 A. Localized objects

3
=R Recently, theoretical modeling in the vicinity of localized
objects was performed in the framework of the field suscep-
tibility method[27,28. Today, this method is one of the most
E,(t)=0. (15) versatile and reliable numerical techniques to solve the full
set of Maxwell equations for the typical parameters of near-

Clearly the effective polarizability reduces the electric field fi€ld optics. It works well even for metallic nanostructures
magnitude compared to its initial value. This fact explains(S€€ for example Ref$7,9,10). This approacicalled the

the observation of contrasted dark zones above small pafliféct space integral equation meth@SIEM)] is based on
ticles lighted with the TE polarizatiofc.f. Fig. 4. the knowledge of the retarded dyadic tenSor,r’, ) asso-
(i) Around the particle(when RI2<r<2R) two new ciated with a reference system, which, in our problem, is a
components, namelE, (t) and E,(t), define a new local flat silica surfac29,30. The numerical procedure considers
L] X zZ 1

polarization state. These components vanish again when ty ©bject deposited on the surface as a localized perturba-

observation point moves away from the particle. Similar re-tion that is dISCI’et.IZGd in direct space over a predefmgd vol-
ume mesh o points{R;}. In a first step, the electric field

lations can be derived for the TM-polarized mode from Eq.""'~ """~ > : i e

o -
(5). distribution E(R;,w) is determined self-consistently inside
To conclude this section, let us examine what happengje perturbation§.e., the source fie)dAt this stage, a renor-
with the magnetic field paficf. Eq. (6)]. Since in the refer- malization procedure associated to the depolarization effect

ence system of Fig. 1, the incident magnetic field displayés applied to takPT care of thg self-interaction of each discrgti—

two components different from  zero, By(r,t) z_atllon cell. The flnat:stepl) relies on thg H;_Jgg(ens-)lzresnﬁl prin-

_ ; ciple to compute the electromagnetic fildr,w) on the

(Box(1),0Bo,(1)), we can write basis of the knowledge of the field inside the localized per-

: turbationsE(R;,w). The two main computational steps can
l0o(Z7R) i (t), (16) be summarized as follows:

c[r?+(z—R)%]%? I = (i) Local field computation inside the source field:

and

Bx(t) = BOx(t) -
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FIG. 3. Top view of the pattern used in the simulations ofdabe
initio studies. The computational window is 50600 nnf. 200 200 400
y (nm) y (nm)
E(R ,w)zz K(Ri ,Rj,w)-Eo(R;,0), (19 FIG. 4. Gray scale representation of the electric field distribu-
]

tion computed above the topographical object depicted in Fig. 3.
The calculation is performed in the TE-polarized mode and the
where labels the generalized field propagator of the entirearrow indicates the propagation direction of the surface wave. Ex-
system (localized object plus bare silica surfacdn the  treme values of the components of the electric figldrmalized by
{Ri;R;} representation it is given by the incident fieldl are: 0.000(min) and 0.153E-1(max for E2,
0.674 and 1.67 foE)z,, 0.000 and 0.747E-1 fdfg, 0.681 and 1.68
K(R;i,Rj, @)= j+v;S(R;,R;,w) x(Rj,w), (200  for E2.

wherey represents the electric susceptibility of the localizedlithographically designed nanostructures, we analyze in Figs.

object,v; is the volume of the elementary discretization cell, ;7" electric and magnetic near-field intensities gener-
andS is the field susceptibility of the entire system. This Iastated by each Cartesian componerE)z(( E2. Ef) and

quantity is usually computed by solving Dyson’s equation, (B)z(, Bil Bﬁ). For comparison, the square moduli are also
S(R;i,Rj,w)=S(R;,R},») provided.

1. Dielectric materials

+ 2 viS(R,Ri, ) X(Ry, )
K The lateral dimensions of the object are given in Fig. 3.
-S(Ry,R; o), (21) The thickness and the_ optical index of the Ji@attern i_s 2_0
nm and 2.1, respectively. The wavelength of the incident
(”) E|ectric and magnetic near-fie|d mapp|ng Computa_laser iS 633 nm. A” f|e|dS are Computed 10 nm abOVe the
tion around the source field region: surface of the structure, i.e., 30 nm above the glass-air inter-
face. The incident light is a TM/TE-polarized evanescent sur-
face wave traveling along th®x axis. This illumination
E(r""):Eo(rv‘"HZ viS(r.Ri,0) - x(Ri,0)-E(R;,0), condition is used in the photon scanning tunneling micro-
(22) scope(PSTM). Some general comments can be made about
these results. First, all components of both the electric and
and magnetic fields have been excited in the near zone. The oc-
currence of these new components is a pure near-field effect
because it is always localized around the structures. In Figs.
B(r"“)zBO(r'“’HEi viQ(r R @) x(Ri,w) E(Ri,w). 4 and 5, we display the electric field part. As predicted in
(23) Sec. Il, we recover the appearance of two additional compo-
nents, E, and E,, when the object is excited by a TE-
In the numerical work to be discussed in this section, thepolarized surface wave. In agreement with the PSTM results,
retarded propagato®andQ have been chosen in R¢81]. numerous regions appear with a dark contrast and a moderate
The test object we consider in this section is the wordintensity level.
OPTICS engraved at the surface of a Ti@yer deposited on As expected, the excellent image-object relation currently
a silica surface. Intentionally, we have chosen a planar strumbserved in the TM-polarized mode is mainly provided by
ture devoid of any symmetry. In order to gain more insight inthe field componenE, normal to the object. The two other
the polarization changes occurring around such complexontributions tend to slightly degrade the total patt&h
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FIG. 7. Same as Fig. 6, but in TM-polarized mode. Extreme
values are: 0.109E-{nin) and 0.856E-2Zmax for Bf, 0.710 and
1.11 forB7, 0.107E-7 and 0.190E-1 f®7, 0.711 and 1.11 foB?.

FIG. 5. Same as Fig. 4, but in TM-polarized mode. Extreme
values are: 0.206@min) and 0.436(max) for Ef, 0.700E-9 and
0.216E-1 forE7, 0.613 and 1.06 foEZ, 0.908 and 1.31 foE?.

Composed by the Superposition of the three mﬁbs E)2/’ maps. Notice in Flg 6 that, as mentioned in Sec. Il, the new

andE2. y component of the magnetic field is very small compared to
The magnetic near-field intensity ma$. Figs. 6, Jalso  the total magnetic field.

show a significant confinement of the magnetic field over the . .

particle that reverses the contrast with respect to the electric 2. Metallic materials

map. Similarly to what happens with the electric field, the | the above formalism, the only parameter distinguishing
role played by the additional components can degrade thgetallic from dielectric objects is the linear susceptibility
topographic information contained in the complete fleIdX(rr,w)_ Alternative procedures can be adopted to describe
the metallic susceptibility. For example, a direct route would
consist in expanding the susceptibility in a multipolar series
around the geometrical center of the metallic particle. While
this scheme allows nonlocal and quantum size effects to be
included, it is nevertheless restricted to simple particle
shapegspheres, ellipsoids, ejcWhen dealing with spheri-
cal metallic clusters having a typical radius below 15 nm this
description is mandatory and can be easily included in the
DSIEM formalism [32]. For the applications discussed in
this paper, involving lithographically designed metallic struc-
tures larger than this critical size, we can adopt the discreti-
zation of y(r’,w) over all the volume occupied by the par-
ticle. In this case, the local susceptibility is just related to the
metal optical indexn by the relation 9]

. [n*(w)—1]
X(r'o)==—"7pr—o:. (24)
y (nm) y (nm) In the visible range, the numerical data for describing both

FIG. 6. Gray scale representation of the magnetic field distribu/€@l and imaginary parts of have been tabulated by Palik
tion computed above the topographical object depicted in Fig. 3[33] for d|ﬁgrent metals. We present in Fig. 8, a gray scale
The calculation is performed in the TE-polarized mode. Each magepresentation of the electric field distribution computed
is normalized with respect to the incident magnetic field intensity.above the topographical object depicted in Fig. 3. In this
Extreme values are: 0.287min) and 0.396 (max for B2, case, the high optical metal index generates complex field
0.696E-13 and 0.490E-4 f@f, 0.684 and 0.772 foB2, 0.973 and  patterns without clear relation to the topography. Further-
1.145 forB2. more, the possible excitation of localized plasmons rein-
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wherer=(l,z) =(x,y,2z), A(r) represents either the electric
field E(r) or the magnetic field(r). The 3D-wave vectors
Kp.q=(K|p.q:¥p.q)» @ssociated with the harmonip,() obey
the well-known dispersion equation

400

X (nm)o

20

kﬁpyq+ ‘yqu= n%k3. (26)

The set of wave vectdy|, , parallel to the surface are simply
defined for each couple of integer numbepsq) by

2 2
nk0x+pd_ Uy + nk0y+qd_ Uyy (27)
X y

N 2 ; Ipa™
whered, andd, denote, respectively, the period of the grat-
ing along the &- and Oy-directions. From Eq(26), it may
be seen that the coefficient, ; may be either real or purely
imaginary. Real values of, 4 correspond to radiative har-
monics while imaginary values introduce evanescent compo-
nents in the expansiof25).
In a general way, the six components of the electromag-
FIG. 8. Gray scale representation of the electric field distribu-netic field A(r) can be deduced from two independent pa-
tion computed above the topographical object depicted in Fig. 3. Ifameters usually namethe principal componentsLet us
this application, the supported structure is metal§iold). The in-  choose, for example, thg componentsE,(r) andB(r) as
cident wavelength is 760 nm. The calculation is performed in theprincipal componentslt is a simple matter to show that the
planez,=30 nm in the TM-polarized mode and the arrow indi- Fouriery components of the field just above the surface of

cates the propagation direction of the surface wave. Extremal Va|u®bject5 can be expressed as a linear combination ofythe
of the components of the normalized electric field are: 0.118E-Z;omponents of the incident field,

(min) and 3.13(max) for EZ, 0.146E-5 and 1.72 fdEJ, 0.237 and

40

X (nm)o

2

200

y (nm) y (nm)

2 2 _ E B
10.1 forE2, 0.851 and 10.6 foE?. Eyp.a=ZpqEoy+ ZpgBoy
forces this phenomena and some parts of the localized metal B. —7BEE . 78Bg (28)
pattern(e.g., the cornejscan even behave as efficient light yp.a— “pq =0y © “pq=0y-
sources.

The transmission coefficiensF, 758, 72E and7®B de-
scribe the coupling between the electric and magnetic har-
monics composing the scattered and the incident field. These

When working with periodic surface structures, the local-coefficients depend both on the geometry of the sample and
ized Green's function method described above is no longepn the angular conditions of incidence but not on the polar-
applicable. But any figure can be decomposed in pditits  jzation of the incident light. The polarization of the incident
rect spacg or Fourier componentséreciprocal spade We  plane wave is controlled by the valuesRy, andEg, . From
thus can use two methods whether the real object contaig numerical point of view, the transmission coefficients are
few points or few Fourier components. In the case of peripptained by the inversion of a complex square matrix whose
odic gratings, the field distribution can be investigated withgimension is 21X 2Ny [where N is the total number of
this second class of methofl34—-3@. The so-called differ- harmonics used to describe the scattered field in(E8)].
ential theory of gratinggDTG) was originally developed Columns of this matrix contain the Fourigrtomponents of
twenty years ago to predict the efficiencies of one- and twothe electromagnetic field that would have illuminated the pe-
dimensional diffraction gratings. Based on a rigorous treatriodical objects in order to obtain a pure harmonic field
ment of Maxwell's equations, this method can also be usedp q) just above the nanostructure. A detailed description of
efficiently to determine the optical near-field scattered bythe calculation of the matrix elements can be found in Refs.
three-dimensional3D) periodic objects. In the following [34 3. with Eq.(28), we can calculate all the Fourier com-
subsection, in order to avoid a complete presentation of thigonents of electric and magnetic fields just above the objects,
well-established technique, we will only summarize the esyhijch are used as initial conditions to obtain the field any-
sential steps of the computational procedure. where. General remarks about contrast, relative intensities,

As in previous sections, we are interested in the electrogng image-object relation have been made previo(se
magnetic near-field diffracted above objects engraved on agec. |1 B and Sec. Ill A}, therefore, we only highlight the
interface illuminated by total internal reflection. When USingspecifiC e|ectr0magnetic properties of periodic structures.
the DTG method 34], the electromagnetic field above the  \we studied a lattice of 100100x 100 nn TiO, dots,

B. Periodic surface structures

grating can be expanded in a Fourier series separated by 150 nm. A strong localization of the electric
to  +w field appears above the pads in TM-polarized mode or be-

A(r)= A, e vpa?elKipal 25 tween .the pads in TE-polarized mode. Moreovz_ar,. a cargful

(r) p:z_’w q:E_w P @9 analysis of the different components shows that it is possible
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-0.4 -0.2

F HOF B ®F 9

|Ez[
RI1RIEBLE

ALRLALE FIG. 11. (a) Top view of the pattern used in the simulations of
2121210 3 Sec. IV consisting of three cylinders of 100 nm diameter and 60 nm
height.(b) zLDOS, (c) x LDOS and(d) y LDOS 150 nm above the
surface at the wavelength=27/w=630 nm.

0.4

0.2

X (Um)

0

-0.4 -0.2

—(IH ' —6.2 [¢] 0{2 ’ 0.4
y (um) . . . .
interaction of cold atoms with optical evanescent waves

FIG. 9. Gray scale representation of the electric field distribu-[37,3§ (Figs. 9, 10.
tion computed above a regular lattice of square shaped dielectric

pads. The calculation is performed in the plage=50 nm in the IV. LOCAL DENSITY OF STATE AND POLARIZATION
TE-polarized mode, and the arrow indicates the propagation direc- EFFECTS

tion of the surface wave. Extremal values of the components of the

normalized electric field are: 0.43E¢in) and 0.875E-Zmax) for Unlike what happens with electronic surface states, the
EZ, 0.266 and 0.713 foE7, 0.141E-7 and 0.644E-1 fd&, 0.275  local density of photonic stategthe so-called photonic
and 0.741 forE?. LDOS) contains information related to the polarization of the

excitation field. It is well established that the density of states
to create a particular field map such as field lines oriented€ar surfaces plays a significant role in near-field physics
alongy axis (E, in TE mode or x axis (E in TM mode), or [12]: In parucu_lar, the photonic LDOS is a use_ful concept for
periodic field spots with very different characteristispot ~ the interpretation of fluorescence decay rate in the very near
size, periodicity, and shapeonsidering the other compo- field [39] and could help in understanding image formation
nents in the two polarization modes. These particular fieldProduced by illuminating-probe SNOMQ]. By referring to
components distribution could have a great interest for théhe electric field, we deduce the optical LDOS from the field

susceptibility of the entire systerfplane surface plus sup-

ported nanostructures, see Sec. IJI[41,40

p(r,w)=ilm[TrS(r,r,w)]. (29
27w

In this expression, the optical LDOS is related to the square
modulus of the electric field associated with all electromag-
netic eigenmodes of angular frequeney Because of the
vectorial character of electromagnetic fields, it is very useful
to introduce thregolarizedoptical LDOS also called partial
LDQOS, so tha{40]

p(r,w)=py(r,w)+py(r,0)+p,r,0), (30)
1 .
pi(hw)=——ImS§;(r,r,m), i=xy,z (31
27w
04 02 o2 U The three differenpolarizedoptical LDOS computed over a

y (i) pattern made of three dielectric cylinders of optical index 2.1
FIG. 10. Same as Fig. 9, but in the TM-polarized mode. Ex-are represented on Fig. 11. At this stage, we can made some
tremal values of the components of the normalized electric field arege€neral remark. In the configuration investigated in Fig. 11,
0.153(min) and 0.454max) for E, 0.26E-8 and 0.458E-1 fd;, ~ we can verify that bothk-LDOS andy-LDOS are almost
0.513 and 1.49 foE2, 0.802 and 1.58 foE?2. identical with just a rotation ofr/2 between them. Neverthe-
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less, this properties does not subsist anymore if we reinforcphysical properties of electromagnetic systems. The most fa-
the optical coupling between the dielectric posts. More premous example is the fluorescence lifetimef a molecule
cisely, certain arrangements of nanoscale pillaircular or  near an interface that critically depends on the spatial LDOS
ellipsoida) can force light waves into states generated by thevariation[42—-44].
collective coupling between the pillars leading to significant
difference between-LDOS andy-LDOS maps.

Moreover, although optical LDOS characterizes the spec-
troscopic properties of an electromagnetic system indepen- On the basis of both simple analytical model and sophis-
dently of the illumination mode, it is interesting to note the ticated 3D Maxwell's equations solvers, this paper has fo-
strong analogy between the dark contrast over the pads oloussed on the unusual behavior of the light polarization in
tained fory-LDOS and the dark contrast that appears in thethe near-field. When subwavelength patterned objects are ex-
case ofs-polarized illumination modéi.e., incident electric cited by a surface wave of well-defined polarization, a com-
field along they axis) observed in Sec. Il B. In addition, as in plex rotation of the light polarization state can be expected in
the case of optical near—field maps discussed in the previoube near zone. This phenomenon localized around the scat-
section, thepolarized LDOS’s can display significant dis- terer is a typical near-field effect. The occurrence of new
crepancies relatively to the shapes of the underlying objectomponents is more pronounced in the electric field than in

V. CONCLUSION

Finally, let us note that partial LDOS’s are not only a the magnetic part. Subwavelength features are present in all
powerful mathematical tool but can easily be linked to thecomponents but with very different energy levels.
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