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Analysis of polarization effects on nanoscopic objects in the near-field optics
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This paper deals with the analysis of polarization around nanoscopic objects in near-field optics. The objects
are illuminated through a transparent glass substrate under the condition of total internal reflection. The use of
dielectric and metallic materials in the optical images is discussed. Using numerical simulations based on the
Green’s dyadic technique, we compute the total transmitted intensity of the scattered light and the different
Cartesian components associated with the electric field in the attenuated total reflection configuration at con-
stant height. The role of localized plasmon resonance is brought to the fore in the optical images of nanoscopic
metallic objects. This paper shows that it is possible to reduce the interferences due to backward scattering
from nanoscopic objects thanks to this polarimetry analy§i$063-651X00)11309-1
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[. INTRODUCTION light: TE and TM modes. We chose the incident light to be
linearly polarized with the direction being perpendicular to
Optical microscopegphoton scanning tunneling micro- the glass-air interface. The TE mode folarization corre-
scope(PSTM and scanning near-field optical microscopesponds to an incident electric field, pointing towards xhe
(SNOM)] are based on the detection of the intensity associdirection, perpendicular to the plane of incidence. The TM
ated with the total electric fieli1-5]. In particular, these mode (@ polarizatior) corresponds to a field parallel to the
microscopes are presently considered as tools for the deteplane of incidence. The calculations are based on Green’'s
tion of optical signals associated with the total electric fielddyadic technique using the Lippmann-Schwinger and Dyson
|E|?, using a dielectric tip in transmission for illumination in equations for the computation of the scattered electric field
total internal reflectioPSTM configuration or the detec- and its associated Cartesian components.
tion in far-field by illuminating objects by a tifSNOM con- Polarimetry studies are necessary to understand the scat-
figuration. In order to study locally the polarimetry in near- tered electric field behaviors in the near-field optical images
field optics for the PSTM configuration, it is necessary to useanalysis. In the PSTM configuration, surface waves appear
tips which can detect one of the Cartesian components assdue to the incident illumination. We will show that cutting
ciated with the electric field. Unfortunately, up to now, thesethe transmitted wave by analyzing at 90° from the incident
kinds of tips have not existed. However, the functionality electric field, it is possible to reduce the interferences due to
allowing one to detect a signal proportional to the total op-the backscattering light scattered by the objects. These inter-
tical magnetic field intensityH|? associated with the light- ferences alter the resolution of the near-field optical images.
wave was brought to the fore recently by using metallizedThe surface waves due to scattering by mesoscopic objects
tips [6,7]. The components which were not in the incidentare indeed predominant compared to the effects relative to
electric field were created by the tridimensional structure inthe confinement of the total electric field close to the struc-
the near-field optics. A polarization analyzer at the exit of thetures. These experimental studies will outline effects relative
fiber tip allows one to detect one of the Cartesian compoto the confinement of the electric field near the objects which
nents. The signal detected when turning the output analyzeare due to the topography of the defects deposited on the
is thus related to one of the components relative to the elesurface.
tric field scattered by the three-dimensional objects deposited For this study, we will use different types of materials:
on a transparent substrate in the near-field optics. It is podielectric and metallic objects deposited on a glass substrate.
sible to detect at least one of the Cartesian components reld@he role of localized plasmon resonand®—-12 will be
tive to the electric field scattered by tridimensional struc-considered for the case of noble metals. We will show that
tures. the absorption of different materials plays an important role
In magneto-optical thin films and three-dimensional arrayin understanding optical near-field images. In Sec. Il, we
structures, polarization effects associated with the Kerr andetail the numerical procedure based on Green'’s dyadic tech-
Faraday effects in the far-field measuremgBt8] were con-  nique. Section Ill describes the near-field optical images for
sidered. In this case, analysis of polarization shows the poslielectric objects deposited on a glass substrate illuminated
sibility of detecting a component of the electric field which under the condition of total internal reflection. In Sec. IV, we
was not in the incident field. report numerical simulations on metallic and nanometric ob-
In this paper, we present numerical simulations to analyzgects with the same configuration of Sec. Ill. We chose to set
the Cartesian components associated with the electric field 100< 100X 40 nn? object deposited on a glass substrate.
scattered by nanoscopic objects in transmission. The objeche object is illuminated under the condition of total internal
are illuminated through a glass substrate under the conditioreflection with an angle of incidenag=60°.
of total internal reflection beyond the glass-air critical angle. The detection in the near-field optics is performed at con-
Two modes of polarization are associated with the incomingstant heighte=100 nm above the object. This height was
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Y jects which are located in thepper zplane ¢'>0). The
structure of this tensor is not limited to isotropic materials;

substrate the case of anisotropic materials can be treated because this
technigue can account for any kind of linear anisotropy.

sub The solution of the scattering problem is given by the

Lippmann-Schwinger equation:

- E(r)=Eo(r)+EX1), 4
FIG. 1. Geometry of a surface system separating two dielectric . .

media of permittivitye,(w)=1 (z>0, ain andegw)=2.25 Where Eq(r) and E*(r) are the incident and the scattered

<0, glass substrateconfiguration of total internal reflectiom, is  field.

the angle of incidenced=60°), d is the lateral size of the pad We first show the two possible values of the wave-vector

(d=100 nm),h its height (=40 nm), ande is the distance at component along, (kﬁ:ki.’- ki):

which the detection is performe@é€ 100 nm). Two modes of po-

larization are associated with the incident beam: TE and TM modes. 2
2
ka: ?Sa_kH y (5)

chosen to show backscattering waves on the surface due to
the defect. We consider that the index of refraction of the
glass fixed to 1.5 does not depend on the incident wave- w? 5
length. For the metallic objects, we took the optical constants Ksuw= ?‘Ssub_ K ©
compiled in Ref[13].
In the simple case where the incident field has the form of
Il. SCATTERING THEORY FOR A SURFACE SYSTEM a plane wave, we have of course >0 andz>0,

Our theoretical analysis of the propagation of electromag- EO(F):Aeikt-r (z>0),
netic fields through arbitrary isotropic/anisotropic three-
dimensional objects is based on scattering theory. In thigvhere we normalized the TE mode according to
theory, one describes the scattering of waves relative to a

reference system. In the context of three-dimensional ob- A_ 2Ksup -

; > : : A x (7)

jects, it is convenient to use a system such as the single Ksupt Ka

surface geometry composed of two semi-infinite isotropic _

media[14]. Let £,(z,0) be the frequency ) dependent and the TM mode as follows:

dielectric function profile of this surface system. Assuming 2o

that the electric and magnetic fields have a harmonic time i SRsubNEaNEsub, C tsinge

o al _ _ A (—cosbe,+sinbe,), 8

dependencee™'*! in Maxwell's equations, the vectorial Ksuttat Ka€sub

wave equation satisfied by the electric field ¢sig the speed ) o -

of light in vacuum where 6, is the angle of transmissionk,=(w/c)\e,
X 5in 6,6, + (w/c) e, c0S6,6,=K +(w/c) e, coshe, and

2 =(X,y,Z).
> > > - w > > < > >
—VXVXE(r)+ —Zsl(z,w)E(r):V(z,w)E(r). (1) The scattered field is given HyB is the domain where
C «>

V(z',w)#0]

We introduce the surfacesee Fig. 1 as follows. 2o o s 233 e 2 2,
For z>0, &,(z,w) corresponds to the dielectric function E (r)=der G(r.r;o)V(z', w)E(r’). ©)
of the external medium:
In Eq. (9), G(r,r';w) is Green's dyadic defined bys(r

21(Z,0) = 8a(w), —r') is the Dirac delta functioh

while for z<0, £4(z,w) is given by the dielectric function of w2

>

the substrate: —VXVXG(r,1";0)+ —ei(z,0)G(r, 1 0)=18r—1").
c

e1(z,0)=egfw). (10

. The numerical analysis is based on the discretization of
The perturbation dyadi¥/(r,w) is defined by this last Lippmann-Schwinger equatigh5].
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This leads to the three-dimensional vector Lippmann- The numerical analysis is based on the discretization of
Schwinger equation: this last Lippmann-Schwinger equatifbs].
In order to solve the implicit equatiofil), we discretize

E(F,):EO(F,HJ dF/é’(F’F/.w)v(zr,w)E(I?/). it in the direct space leading to a matrix equation:
B

(11
|
- =0 =
Eq =1 W1G1Vy WGV - WGV 1
Ez _ Eg N WGV WoGpVy - WGV Ez
= EY WiGniVE WoGnaVo oo WNGNNVN/ | B,
which can be expressed by
10---0 wy Gu Vi weGie Vo -+ wy Gin Vv 51 E?
01---0 wy Gy VI wo G Vo -+ wy Gon Vi E) 58
00---1 wi Gy Vi wy Gya Vo - wy Gy Vy Ex E%
M

N is the number of points used for the discretization and

w;, i=1N are the weights of the discretized integtal). K kky —keKa
In order to find the electric field inside and outside the 2=z
multilayer structure, we just have to inverse the matvix . X |z—2'
thanks to the LU factorization. Q= Kyky ky —kyKa
The source coordinate’ being positive, forz>0, the =27
dyadic Green’s tensor associated with the external medium |z—2' lz—27' )
Go(r,r";w) and the surface responé(r,r';w) are added - Kyka _— kyKa Ka
for the total response of the system: (14)
G(r,rw)=Go(r,r";w)+Gy(r,r';w). In order to obtairGy(r,r’; ), we must integrate Eq12)
on k. We know that
Only thez' >0 andz>0 case will be considered in order I
to use the conventional approach in the photon scanning tun- eikalz=2'l eikn(z=2")
neling optical microscopyPSTM configuration[1,2]. ——= Z_J’ k,———- (15
Here, we detail the analytical structure®r,r’; ). The a . Ka—kz
homogeneous 3D Green’s tensor is defined by _ N
We thus obtain the following integral:
R 1 L . o
’. - iky-(rp—ry") ’. o - - Mo 1. . e (r=r")
Go(r,r'; @) 4sz dkye™I 7 go(z, 27 K)) Go(r,r’;w)=J:dk 1-—kok| ——F—— (16
k q 87°(q°—k?)
2
+ Co(r—r"y, (12)  which can be written as follows:
wzsa
o - L 1. | €N
where the tensogy(z,z’;kj) has the following forn{16]: Go(r,r"w)=—{ 1~ @V‘@V A7R (17)
- Lokl e because
Go(2.23k))= 2k, 1_w28aQ 43 iK-(F—r") igR
J e e'd
with K 8mi(g2—k?)  4mR’
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FIG. 2. A dielectric pad £=10.0) of 100< 100x40 nnt is deposited on a glass substrate. The incident beam is TE polarized with
=633 nm.(a) Variation of the intensity associated with the total electric fighjlVariation of the intensity associated with tkeomponent
of the electric field.(c) Variation of the intensity associated with tlyecomponent of the electric fieldd) Variation of the intensity
associated with the component of the electric field. The detection is performed=a100 nm above the dielectric pad.

whereR=||F— f/||_ We start from Eq(17), where we desig- accounts for the depolarization of a discretized cubic cell
nate byV’ the gradient according to’. The calculation of ~Which has the shape of a sph¢i&]. The dyadicG(r,r’; »)

this formula leads to describing the surface response wizer0 is
_ o - 1 . T e .
Eo(riiiw)=—| T i'l IgR Gy(r,r';0)=—| dk e 1710 g4(z,2"5Kp),  (19)
v 2R2 4
q
. .—3+3igR+%R?| €l9R where the tensog(z,z';K;) is written as
—R®R o .
q R 47R - .
9s(z,2";k))
The tensor ) KZDyu+KiDyy  Keky(Dyx—Dyy)  KjkeDy,
/3 0 O == kxky(Dxx—Dyy) kleDXX“L k>2<Dyy KikyDxz |,
C=| 0 13 o0 (18) " K kxD2x KikyD2x kfD

0o 0 1/3 (20)
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FIG. 3. A dielectric pad §=10.0) of 100<100x40 nn? is deposited on a glass substrate. The incident beam is TM polarized with
NA=633 nm.(a) Variation of the intensity associated with the total electric fidly). Variation of the intensity associated with the
component of the electric fieldc) Variation of the intensity associated with tlygecomponent of the electric fieldd) Variation of the
intensity associated with trecomponent of the electric field. The detection is performed=al00 nm above the dielectric pad.

where c2 ,Kagsus— Keutfa elka(z+2')
- D2 e M keant 2ik @9
c2 K.eo.—k gika(z+2") wE, a€sub™ Ksufa a
D= 2 Ra€sub™ Ksukfa _ 21)
XX a)zsa *Kaesubt Ksuea  2iKa
We now write the surface Green’s tensor 3D in the qua-
Ky — Keyp €222 sistatic approximation. The electrostatic approximation oc-
Dyy=1 Tk 2k, (22 curs when we neglect the delay effects related to the tempo-
o : ral evolution in the surface Green's tens@S(F, r; ).
2 Kook oika(z+2') Therefore, we set the light speed tending t(_)wards infinity, as
D,= KaK| afsub fsutfa & , (23)  though the objects behave as electrostatic dipoles. It thus
w’e,  'Kagsubt Ksufa 2iKa comes back to neglect the magnetic effeete eliminate the
magnetic field in Maxwell's equations by this approxima-
2 ikag(z+2") tion) and only the electric field scattered by the structure

D= c K.k Kagsub— Ksurfa €
Xz 2 a ”k
w°e,

. . (29 shows up. This approximation makes sense here because this
atsut Ksupa  21Ka study is based on small objects which are not so far away
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FIG. 4. A gold pad of 10&100<40 nm? is deposited on a FIG. 5. An aluminum pad of 100100x40 nn? is deposited
glaSS SUbStratE(a) Variation of the maximum intensity associated on a g|ass Substrat@) Variation of the maximum intensity asso-
with the total electric field for the TM modsolid ling) and for the  cjated with the total electric field for the TM modsolid line) and
TE mode(dashed lingas a function of the incident wavelength)  for the TE mode(dashed lingas a function of the incident wave-
Variation of the maximum intensity associated with theompo-  |ength.(b) Variation of the maximum intensity associated with the
nent(solid line), they componentdashed ling and thez compo-  x componentsolid line), they componentdashed ling and thez
nent(dotted dashed lineof the electric field for the TM mode as a component(dotted dashed lineof the electric field for the TM
function of the incident wavelengtitc) Variation of the maximum  mode as a function of the incident wavelengdit. Variation of the
intensity associated with the component(solid line), they com-  maximum intensity associated with tkeomponentsolid line), the
ponent(dashed ling and thez component(dotted dashed lineof vy component(dashed ling and thez component(dotted dashed
the electric field for the TE mode as a function of the incident“ne) of the electric field for the TE mode as a function of the
wavelength. The detection is performedeat 100 nm above the incident wavelength. The detection is performedeat100 nm
metallic pad. above the metallic pad.

from each other. Moreover, the propagation and also the olslose to them in the medium of dielectric permittivity(w).
servation are realized for a distance close to the object®y integrating Eq.(19) on IZH, the Green’s tensor elements
Thus, the following calculations are only valid for small ob- relative to the surfac€1)—(25) in the electrostatic approxi-
jects in thez>0 region and the observation will be done mation, we obtain
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FIG. 6. A chromium pad of 108 100X 40 nn? is deposited on
a glass substratéa) Variation of the maximum intensity associated
with the total electric field for the TM modesolid line) and for the
TE mode(dashed lingas a function of the incident wavelength)
Variation of the maximum intensity associated with theompo-
nent(solid line), they componentdashed ling and thez compo-
nent(dotted dashed lineof the electric field for the TM mode as a
function of the incident wavelengtlic) Variation of the maximum
intensity associated with the component(solid line), they com-
ponent(dashed ling and thez componentdotted dashed lineof

. 2(x=x")*=(y=y')?=(z+2')?
Gsyxx(ryr’;w): il

R/
(27)
.2 3(x=x")(y—=y’)
Ggxy(r.r ’w):T’ (28)
, e 3(x—x")(z+2")
Gsyxz(rlr 1w)=_—’, (29)
R
Gl T 0)=Gig(r [ w), (30)
Lo 20—y (x—x)2=(z+7')?
Geyy(r 1 w)= = ,
(32)
T 3(y—y')Nz+Z')
Gsyyz(r,r ;w):_—R’ , (32
GLr T 0)=—G3r 1), (33)
Gé,zy( F,F’ yw)=— G),/i( F,F' o), (34)

. 2(z+2' )%= (x—x")°—(y—y')?
G;ﬂ(r,r’;w)z—( )*=( )*=(y y)'

R/
(35

with R =[(x—x")?+ (y—y")%+(z+2')%]*2 In the case of
objects deposited on surfaces, we must add to the surface
Green’s tensor the homogeneous o@(r,r';w), as we
have seen before because we are inzhe0 andz>0 re-

gion of dielectric permittivitye ,(w).

Ill. DIELECTRIC OBJECTS

A 100X 100X 40 nn? dielectric object is illuminated at
A=633 nm through a glass substrate under the condition of
total internal reflection. The angle of incidence is 60°. The
detection is performed a&=100 nm above the pad of di-
electric permittivitye =10.0. We compute the total intensity
associated to the electric field and to each Cartesian compo-
nent for the TE modéFig. 2) and for the TM modé€Fig. 3).

The intensities are normalized according to the incident light.
It is known that in the near-field optics, a strongomponent

of the electric field exists since this one does not appear in
reflectivity/transmission or in the scattering computations for

the electric field for the TE mode as a function of the incidentfar-field. Moreover, it is also important to see its evolution
wavelength. The detection is performedeat 100 nm above the with the incident polarizatiodTE and TM modeks

metallic pad.

PR 1 ¢ eqpe
Gs(r,r’;a))z———Su :

és(F!F,;w)l
Am a)zsa Esupt €a

whereG/(r,r";w) has the following elements:

In the TE mode, we can see first that the intensity associ-
ated to the total electric field shows a confinement of the
electric field close to the lateral sides of the pad alongxthe
direction[Fig. 2@)]. Nevertheless, interference phenomena
due to the backward scattering effects of the incident light on
the object are more accentuated in the near-field optical im-
age[Fig. 2(a)]. Second, we can see that tteomponent of
the electric field, which is the incident one, is malétg.
2(b)] compared to the othefsy andz components in Figs.
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FIG. 7. An aluminum(left), a gold(middle), and a chromium pad of 100100x 40 nn? are deposited on a glass substrate. The incident
beam is TM polarized witth =400 nm.(a) Variation of the intensity associated with the total electric fig¢hi.\VVariation of the intensity
associated with the component of the electric fieldc) Variation of the intensity associated with tieomponent of the electric fieldd)
Variation of the intensity associated with theomponent of the electric field. The detection is performeeFat00 nm above the metallic
pad.

2(c) and 2d)]. We can see in Fig.(2) that the interferences image[Fig. 3@]. Second, they component and more par-
on the images due to the backscattering reflected wave on thieularly the z component of the electric field which are as-
object disappeared. Only the effects due to the confinemersiociated with the incident one are majéigs. 3c) and 3d)]
of the field around the object show up and are related to theompared to the other ofjexc component in Fig. ®)]. We
topography of the object on the surface. can see in Fig. ®) that the interferences on the images due
The same behavior can be seen in Figd)Xor the z  to the backscattering reflected wave on the object disap-
component of the electric field, which shows optical effectspeared. Only the effects due to the confinement of the field
due to the topography of the object. However, the intensitiearound the object show up and are related to the topography
are greater for this componeffig. 2(d)] compared to the of the object on the surface as in the TE mode.
other ong[Fig. 2(c)]. This shows the predominance of the We can thus see that thecomponent, they component,
component of the electric field compared to the one parallehind thez component represent, respectively, 0.5%, 24.5%,
to the surfacey componentin the near-field optical images. and 75% of the total intensity. We also show in this case that
We can see that thg component and the-component rep- the z component of the electric field is stronger in the near-
resent, respectively, 0.5% and 2.5% of the intensity assockield optical images compared to tlgeone. Moreover, the
ated to the total electric field. Moreover, tiyecomponent component shows an electric field which is well confined on
shows an electric field which is well confined at the cornerdateral sidegalong thex direction and also on the corners of
of the dielectric padFig. 2(c)] whereas thez component the padFig. 3(b)], whereas thegg component and thecom-
displays the same strong effects on the lateral sides of thgonent display both interferences due to the incident light
pad along thex direction[Fig. 2(d)]. By these optical pat- and a confinement of the electric field, respectively, on the
terns, we can distinguish thecomponent of the electric field lateral sides along thg direction and on the top of the pad
from the z component. along thez direction[Figs. 3c) and 3d)]. It is thus possible
In the TM mode, we can see first that the optical imagego distinguish these three components in the near-field optics.
for the intensity associated with the total electric field and forThe forward scatteringy(>0) shows up in the optical im-
each Cartesian component are different compared to the Teges[Fig. 2(a) and Fig. 3a)].
mode. Consequently, the polarization plays an important role Thanks to this study, we show that the analysis of polar-
when analyzing the effects in the near-field optics. In thisization in the near-field optics leads to eliminating interfer-
mode, we can see first that the intensity associated with thences on the surface. This analysis also shows the weight of
total electric field shows a confinement of the electric fieldeach Cartesian component in the near-field optical images.
above the upper side of the dielectric pad alongzhrec- Similar effects can be found for any kind of material of
tion [Fig. 3(@]. As in the TE mode, interference phenomenareal positive dielectric permittivity. The behaviors are accen-
on the surface due to the backward scattering effect of theuated as the dielectric permittivity increases. Nevertheless,
incoming light on the dielectric object show up in the optical the intensity variations associated to the component that was
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FIG. 8. An aluminum(left), a gold(middle), and a chromium pad of 100100x 40 nn? are deposited on a glass substrate. The incident
beam is TE polarized witih =400 nm.(a) Variation of the intensity associated with the total electric fi¢hj.variation of the intensity
associated with the component of the electric fieldc) Variation of the intensity associated with thieomponent of the electric fieldd)
Variation of the intensity associated with theomponent of the electric field. The detection is performeeFat00 nm above the metallic
pad.

not in the polarization of the incoming lightfor the TE We illuminate a 10&100x40 nm? Au pad through a
mode,y andz components; for the TM mode&,component  glass substrate under the condition of total internal reflection
are not sufficiently high to detect them experimentally. In anwith an angle of incidence of 60°. To check resonance be-
experimental setup, it is necessary to have almost 10% of thgaviors, we compute the intensity associated to the total elec-
total intensity to detect this polarization effect properly usingtric field and to the Cartesian components in order to see if
the photon scanning tunneling microscope configurationthe increase of the total intensity provides enhancement of
Metallic objects which show high increasing intensity effectsihe gther components.

associated to each Cartesian component in the near-field op- First, to check the reliability of the numerical technique,

tics are thus more suitable. we calculate the maximum intensity associated to the total

Particularly, the localized plasmon resonance of nc’bleelectric field for the Au pad as a function of the incident
metals leads to an enhancement of the electric field aroury/avelength for the TE and TM modéBig. 4@)]. This lat-

nanoscopic objects in the near-field optical images. This fiel Lral sized=100 nm of the gold particle was chosen because

enhancement can also be detected in the far-field scattering o .
cross-section spectfa8]. Moreover, we will use in Sec. IV ileads to the excitation of the localized plasmon resonance
' ' f ab-for a wavelength close to the HeNe onz =640 nm),

different metallic materials in order to show the role of al ) ) ) ,
sorption behaviors in the optical images at the same constaifich was shown in previous papg®,18. In Fig. 4a), we

height. Consequently, it is necessary to make spectroscopf@n See _an_increa_se_ of thc_e intensi_ty,_which is materialized by
computations by varying the incident wavelength. This tech@ Peak in its variation with the incident wavelength at
nique shows which wavelength, in the visible range, demon=640 nm for both TM and TE modes.
strates an exaltation of the electric field due to the metallic A localized plasmon resonance depends on the lateral
properties of the object in the near-field optics. sizes of the particle and also on the index of refraction of the
surrounding medium. If we increase the lateral sizes, the
peak corresponding to the localized plasmon excitation will
be shifted to higher wavelengttj48]. The metallic object

In this section, we choose to study three different usuateacts as a dipole parallel to the surf4&6] and emits light
metallic materials, i.e., gold, aluminum, and chromium. Goldmainly perpendicularly to the dipole axis. Moreover, the
is used as a generic noble meftat copper and silveland  angle of incidence does not change the emission wavelength
shows a localized plasmon resonance behavior for nanometa transmission for which the localized plasmon resonance
ric objects. Aluminum is well-known for its high reflecting takes placg18].
properties. As a comparison, we will finally study chromium,  We show in Figs. &) and 4c) the variations of the in-
which has approximately the same absorption of aluminuntensities associated to each Cartesian component in both TE
but no such strong reflectivity in the visible range. and TM modes. We can see that the resonance\n at

IV. METALLIC OBJECTS
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FIG. 9. An aluminum(left), a gold(middle), and a chromium pad of 100100x 40 nn? are deposited on a glass substrate. The incident
beam is TM polarized withh =633 nm.(a) Variation of the intensity associated with the total electric fi¢hd.Variation of the intensity
associated with the component of the electric fieldc) Variation of the intensity associated with theomponent of the electric fieldd)
Variation of the intensity associated with theomponent of the electric field. The detection is performeeFat00 nm above the metallic
pad.

=640 nm increases the intensities of each component. A@ne, the increased effects associated with the intensities are
dielectric objects show, the component is predominant thus reduced for wavelengths lower than 500 nm compared
compared to thg one created by the topography of the ob-to aluminum(Fig. 6).

ject for the TE mode in the near-field speditfag. 4(c)]. The We mapped the intensity associated with the total electric
y component and thecomponent represent approximatively field and with each Cartesian component at constant height
10% and 35% of the intensity associated to the total electri€=100 nm above three different pads: one in aluminum,
field at 640 nm. Similarly, for the TM mode, thecompo-  one in gold, and another one in chromium. The maps were
nent is major compared to theone as for dielectric objects realized for two different wavelengtha:=400 nm (Fig. 7

[Fig. 4b)]. Thex, y, andz components represent approxima- and Fig. 8 and\ =633 nm(Fig. 9 and Fig. 10 These were
tively 10%, 30%, and 60% of the total intensity at 640 nm. chosen to show the effects of aluminum and chromium at

We can see also that there is an increase of the intensity=400 nm and the localized plasmon resonance of gold for
associated to the total electric field and to its Cartesian comthe HeNe wavelength. The optical imagdsgs. 7 and 8
ponents for wavelengths lower than 500 iRig. 4. As a  show that forh=400 nm, the aluminum and the chromium
comparison, we did the same spectroscopy analysis for Apads show up in the intensity variations compared to the gold
and Cr(Figs. 5 and & ForA=633 nm, we can see that the one. Moreover, the effects are accentuated for aluminum
effects for the intensity variations are lower than those foundompared to chromium because Cr has more absorbing and
at the localized plasmon resonance of Au but nevertheledsss reflecting properties compared to Al. One could find the
higher than the dielectric cagEigs. 5 and & As for Au, the  same effects for materials of similar reflecting properties
intensities associated to the total electric field and to eacwith different absorption behaviors. This spectroscopy
Cartesian component are greater for wavelengths lower thamethod leads to a new technique which enables us to recog-
500 nm for both modes of polarization TE and TMigs. 5  nhize two similar materials in absorption but with different
and §. These effects can be attributed to the metallic aspedeflecting properties. We can see in Figa)7that the inten-
in the blue range and not to a localized plasmon resonancgity associated with the total electric field is well confined on
because this happens for the three different metals—goldhe upper side of the padalong thez direction for the TM
aluminum, and chromium—for the same wavelengths rang&ode and in Fig. &) on the lateral sides of the pad in the TE
lower than 500 nn{Figs. 4, 5, and mode (along thex direction.

For aluminum and chromium, this increase of the total Interference behaviors due to the backward scattering of
intensity involves the enhancement for each Cartesian conthe pads y<0) show up in Fig. 7a) and in Fig. 8a). More-
ponent Figs. §b) and 5c), 6(b) and Gc)] as we saw for gold over, the forward scatteringy&0) shows up in the optical
previously [Figs. 4b) and 4c)]. However, the effects are images. If we analyze the intensity due to #x@mponent of
more accentuated for aluminum compared to chromiGig.  the electric field in the TM modgFig. 7(b)] and the intensity
5 and Fig. 6 . These behaviors prove the role of absorptionassociated to thgcomponent in the TE mod&ig. 8c)], we
in the metallic materials. As chromium is a more absorbingsee that these scattering effects are eliminated and only con-
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FIG. 10. An aluminun{left), a gold(middle), and a chromium pad of 100100x 40 nnT are deposited on a glass substrate. The incident
beam is TE polarized with =633 nm.(a) Variation of the intensity associated with the total electric fi¢hj.Variation of the intensity
associated with the component of the electric fieldc) Variation of the intensity associated with theeomponent of the electric fieldd)
Variation of the intensity associated with theomponent of the electric field. The detection is performeeFat00 nm above the metallic
pad.

finement of the electric field on the corners of the pads due t€artesian components for the electric field. The interferences
the topography of the objects shows up in the optical imagesare then completely eliminated. Only confinements due to
As we saw for dielectric objects, the intensity associated withthe topography of the object are predominant in the near-
thez component of the electric field is major compared to thefield optical images by the analysis of the different compo-
x andy ones in the TM mode and greater than thene in  nents. Moreover, this study shows that a spectroscopic analy-
the TE modegFigs. 7 and 8 This z component of the elec- sis performed by varying the incident wavelength is able to
tric field is well-confined on the upper side of the pad in theseparate the resonance behaviors from the metallic properties
TM mode and on the lateral sides for the TE one as thdabsorption of the materials. The optical images realized for
dielectric objects show but with stronger effects due to thewo different wavelengths show the possibility to distinguish
metallic propertiegFig. 7(d) and Fig. &d)]. Al, Cr, and Au particles at constant height. This procedure
Nevertheless, we can see that for the TE mode, the analygan be exploited experimentally in the PSTM configuration
sis of the optical image for the component of the electric by the use of an analyzer placed at the exit of the fiber tip.
field shows different behaviors compared to dielectric ob-Rotating the analyzer shows the possibility to detect at least
jects: the confinement of the electric field along thdirec-  one of the Cartesian components associated with the electric
tion does not exist and the intensities are greater for metalliield. The extension to the SNOM configuration can be pro-
objects compared to dielectric ones. Similar effects can beided by a similar experimental technique. In this case, the
analyzed for the gold pad at its localized plasmon resonancanalysis of polarization can be performed by placing an ana-
for the HeNe wavelengtih=633 nm (close to 640 nmm lyzer between the objective and the output detection and il-
(Figs. 9 and 10 The effects for this wavelength are strongerluminating the system with fiber tip in near-field. This leads
for the gold particle compared to the Al and Cr ones becaus®® an alternative method for the analysis of optical images in
the localized plasmon resonance takes place and it involvesear-field optics.
an increase of the intensity associated with the total electric
field and its Cartesian components. ACKNOWLEDGMENTS
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