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Abstract. Extended Mie-theory is used to investigate scat-culatex-y-z scans of a near-field probe across a surface with
tering and extinction of evanescent waves by aggregates sfngle clusters or cluster aggregates.

clusters. In an application to apertureless near-field optical The basic formulae for scattering of evanescent waves by
microscopy involving total internal reflection at the surfacea single spherical particle were already given by Chew et
substrate—air, the variation of the scattered power is calcwal. [5] in 1979. Their theory was slightly corrected by Liu
lated when a silicon particle is scanned across single clustees al. [6]. Recently, we extended these results on total cross
or aggregates of clusters in the evanescent field. Metallisections for evanescent-wave excitation and discussed their
dielectric, and semiconducting particles are taken into condependence on wavelength, angle of incidence, and cluster
sideration, and the dependence on sizes, materials, and thiges for homogeneous [7] and coated particles [8]. By means

wavelength is discussed. of numerical field calculations employing the multiple mul-
tipole (MMP) method [9] we have also studied the effects
PACS: 78.20.Bh: 78.66.Vs: 42.25 Fx when the cluster is on the surface where the evanescent wave

is generated by total internal reflection (TIR). The latter may
be summarized as follows: particle resonances are generally
broadened, damped, and slightly redshifted by multiple scat-
Evanescent waves are a central topic in scanning near-fietdring at the interface.
optical microscopy (SNOM), as such waves carry the infor- As in scanning optical near-field microscopy the electro-
mation that yields optical resolution below the Abbe limit. magnetic interaction among the tip and particles on a sub-
Experimental setups used for SNOM employ evanescerstrate or a glass prism becomes important [10-14], we ex-
waves generated either by a conventional tapered SNOM fibéended the theory of electromagnetic coupling among spher-
probe acting as light source or by total internal reflectiorical particles on evanescent fields. Particularly apertureless
at a dielectric interface. The latter is used, for example, imear-field optical microscopy, where TIR is employed, is con-
photon scanning tunneling microscopy (PSTM) [1, 2] wheresidered in detail in the following. In a first approach to the
a probe tip is moved into the evanescent field above the sarproblem of calculating the power scattered from the tip—
ple surface and partly converts it into propagating wavessample region, we model the probe tip by a spherical particle
which can be detected in the far field. Another example is thef radiusag and assume single spheres of radiusr aggre-
recent development of a near-field optical microscope, engates of identical clusters of radiag as the sample. In order
ploying scattering of an evanescent wave at a nanometer-sizemlunderstand the basic properties of evanescent-wave scatter-
silicon tip of a standard cantilever interacting with the sam-ing by such a multi-particle complex, we further assume that
ple [3,4], which has yielded spatial resolution in thesam  we can neglect multiple scattering effects involving the sur-
range, i.e. far beyond the diffraction limit of conventionalface. It can be expected that the influence of the surface in this
optical microscopes. In this setup the scattering of the evaneseattering problem is similar to that in case of a single particle
cent wave has been detected interferometrically by means oh a substrate.
a Nomarski microscope. This approach is unique in that it Optical effects associated with aggregates of identical
combines scanning force microscopy, an apertureless varianin-sized clusters are well known for silver and gold clus-
of SNOM, and confocal far-field microscopy. ters [15-21]. They are determined by the splitting of the
The wide potential applications of such a scattering misurface plasmon resonance of the isolated particle into new
croscopy and spectroscopy, especially in biology, medicinanodes due to the electromagnetic coupling among the par-
materials science, and information technology have motiticles, yielding changes in the absorption and scattering spec-
vated us to consider scattering and extinction of evanescettum as well as in the differential cross section. For other
waves by aggregates of small particles or clusters and to cakm-sized particles the spectral contributions of these modes
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could not be resolved, but the electromagnetic coupling rewith np being the index of refraction of the glass subtrate and
sulted in deviations from Rayleigh scattering [22]. For largemy being the index of refraction of the surrounding medium
particles for which geometrical resonances can be resolvefhere: air).
the splitting into new geometrical resonances is also observ- Formulae (1a—d) are also valid for coated spherical par-
able [22]. In the present case, even optical constants of the tiftles with an arbitrary number of layers, or hollow spheres.
material and the cluster material must not be equal. Howeve®nly the expressions for the coefficierds, b, differ in
this is not a restriction and was already studied in detail fothese cases. For an incident plane wave at the particle site,
plane-wave excitation in a recent work [23]. i.e. co¥k <1 and 6 < 6., 6. being the critical angle of
The paper is organized as follows. In Sect. 1 we brieflytotal internal reflection], = IT, = 1 for all multipolar orders
repeat the theory of evanescent-wave scattering by a singte In this case the cross sections are, of course, equal for
cluster and the theory of scattering by an aggregate of clus andp-polarisation and (1) are the well-known results from
ters. We present and discuss numerical resultg-fez scans  standard Mie-theory (see for example [24]). For an incident
of a tip—particle over a surface with single clusters in Sect. Zvanescent wavedi(> 6.) it follows from Snell's law that
and for particle aggregates of various topology in Sect. 3. Fieostk > 1. Then, the function$,, IT,, increase with the order

nally, in Sect. 4 a summary of the results is given. n and with the angle of incidence, and can attain very large
values [7].
The normalisation factoNo is equal to one for plane
1 Theory waves, but assumes a different value for evanescent waves. If

the cross section is normalized to the total incident poiNer,
In the following section, we briefly repeat the expressions fois given by
the optical cross sections of a single spherical particle with

evanescent-wave excitation obtained in [7]. According to the (ka)2m
definition employed in this reference, the cross sections foN0= ~ 5'”91 1+Z mm+D!) (4)
extinction and scattering of an evanescent wave by a spherical
particle with diameter 2 are fors-polarised incident light: with
2 1 21 . 1/2
05a(D) = ReZ(2n+1) @lTn+bnTo) . (1a) «= == (npsing —ny) ()
The polarisation dependence of the cross sections is due
to the fact thap- ands-polarised evanescent waves are not
27 1 related to each other by a simple rotation: fepolarised
s 2 2
Tsee D) = K N Z(2n+1) (|a”| [Ty + |bn| T“) ’ (1b) waves the electric field is rotating in the plane of incidence,

due to the complex phase shift associated with total internal
for p-polarised incident light: reflec_tion, whgreas farpolarised waves it is oscillating per-
pendicular to it.
The extinction and scattering cross sections for an aggre-

o) = ,\} ReZ(Zn +1) (anTh+bnlly) , (1c) gate withN spherical particles are [25]:
n=1
oex(N) = Z Z Z Refanm() + Bam()} . (6)
2T i= 1 n=1m=-n
oD =17 e Z(2n+1> (18nl*Ta+1bnl*MTn) . (1d) )
T 2 2
oscdN) = 17 Z Z lenm(@)1? + | Bam()| (7)
with the definitions =1 n=1m=-n

Pam(cosbk)
Sindy

2 2_77 LaE G { % < _Olnm(i)>
. (a) Hle L 2 Rejem® (15

i=1 n=1m=-n

x _ﬁnm(i)
+ Bam() <1 —bn(i) >} .

(2b) anm(i) and Bnm(i) are the expansion coefficients of the scat-
tered wave of particle, which can be resolved from solution
of linear sets of equations following from Maxwell’s bound-

and the coefficients, andb, being the scattering coefficients ary conditions at the surface of each particleThe elec-

of the TM-modes and TE-modes of the spherical particle, retromagnetic coupling becomes negligible for center-to-center

spectivelydy is the angle of incidence in the reference framedistancesl; > 5(a; + &) [25]. Then, the cross sections of the

of the particle. It depends on the angle of incideficat the aggregate reduce to the sum over cross sectiohsisbtlated

2 " (n—m)!
@ = Sm m;n nrm! |

2 2”: (n—m)! ‘dan(cosek) 2

a6 = nn+1) & (n+m) dox

3

interface glass substrate—air via Snell’s law spheres.
Extinction and scattering of light by an arbitraXsphere
CoOshy = e sing; , (3) aggregate depend on the sizes of the primary particles, the

N size and topology of the aggregate, the particle materials
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and the polarization and propagation direction of the incigitudinal mode and transverse mode. For the longitudinal
dent wave. The simplest aggregate is a pair of clusters. In thimode the corresponding peak is redshifted (peak position
case two principal excitation modes of the aggregate are ola-= 424 nnj, and for the transverse mode a blueshift (peak
tained: thelongitudinal modewhen the electric field vector position » = 365nn) is obtained with respect to the peak
of the incident wave is along with the axis of the pair, andposition of the single-cluster plasmon resonance.
transverse modvith the electric field being perpendicular ~ The cluster plasmon resonance of the silver particle gets
to this axis. In the general case of arbitrary incidence of thaffected also in the case of coupling with a silicon clus-
plane wave both modes contribute to a certain amount to thter. Then the splitting into longitudinal and transverse mode
absorption and scattering by the pair. For illustration, Fig. 1is, however, smaller than in the previous case of two silver
depicts the optical extinction efficiency spectra of single, iso€lusters (peak positions: transverse made 372 nm lon-
lated clusters ofAg and Si with Z2=40nmin air and of gitudinal modex = 387 nnm). Moreover, the efficiencies are
pairs of clusterf\g—Ag and Ag—Si with identical sizes for decreased by about a factor of two. In both cases, however,
the longitudinal and the transverse mode. The extinction croghe efficiency of the longitudinal mode is larger than the effi-
sections of the pair and the isolated particles are computed aiency of the transverse mode in the whole spectral region.
wavelengths betweeB00 nmand 600 nm For convenience, Formulae (6) and (7) are valid for plane-wave excita-
in all spectra the cross sections are normalized to the geomigen and must be extended appropriately to take into account
trical cross section, i.era? for the single particles andi2®  evanescent-wave excitation. This was done, but will not be
for the pair of clusters, obtaining the dimensionless extincshown in detail. Instead, we present exemplary results for the
tion efficiency Qexi. As the particles are small compared to extinction efficiency spectrum of a pair of silver clusters with
the wavelength of incident light, it is assumed that maximun®a = 40 nmon the glass substrate in Fig. 2. The spectra are
the quadrupolar mode efficiently contributes to the spectruncompared with spectra obtained for a plane wave with graz-
The Ag-cluster exhibits a surface plasmon resonancig incidence at the substrate. For the plane wave the electric
peaked at wavelength= 372 nm This is the resonance of field vector is always perpendicular to the pair axis. Then, the
the TM-dipole moden; that mainly contributes to the spec- spectra fors- andp-polarisation must coincide, showing the
trum. The corresponding TE-dipole moldgdoes not exhibit  spectrum of the transverse mode with retardation of the inci-
a resonance and is two orders of magnitude smalleréhan dent wave at the site of the second particle. The peak position
Higher multipolar contributions are negligible. The spectrumis A = 366 nm close to the peak position of the unretarded
of the Si-cluster is also dominated by the dipolar contributransverse mode. For the evanescent wave, the spectrum in
tion, but does not exhibit a corresponding resonance. Thgpolarisation is rather similar to that for the plane wave and
coupling among two adjacent silver particles obviously leads
to a splitting of the cluster plasmon resonance into the lon-
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Fig. 2a—c. Extinction efficiency spectra of an isolated Ag for plane-wave
excitation andp-polarised ands-polarised evanescent excitation),(the
Fig. 1a—c. Extinction efficiency spectra of isolated Ag and Si clusteas ( pair Ag—Ag for p-polarized plane-wave excitation in grazing incidence
the longitudinal mode of pairfg—Ag and Ag—Si (b), and the transverse and p-polarised evanescent wave excitatids), (@and the pairAg—Ag for
mode of pairsAg—Ag andAg—Si (c). Thevertical linerepresents the peak s-polarized plane-wave excitation in grazing incidence gnpolarised
position of the single silver cluster plasmon resonance evanescent wave excitation) (
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is peaked at the same wavelength. In contrast, the spectrutme silver sphere at different heightof its center relative

in p-polarisation shows a resonanceiat 422 nmthat can  to the glass substrate, also allowing contact of both particles

be assigned to the longitudinal mode, in addition to the transwhen the probe is at=0,y = 0.

verse mode that is peakedjat= 367 nm This is due to the Figure 4 displays the scattered intensity obtained in a scan

fact that forp-polarised evanescent waves the electric field if a silicon particle with 2o = 20 nmacross a surface with

rotating in the plane of incidence, due to the complex phasa single Ag-cluster with @ = 40 nmat the heighz =50 nm

shift associated with total internal reflection. Then, it can(touching spheres at= 0, y = 0) for both polarisations. The

almost always be decomposed in a component parallel arstan was performed at wavelength- 514 nm

perpendicular to the pair axis. The efficiencyipolarisation The difference betwees and p-polarisation is evident

is at least by a factor of two larger thangpolarisation. from the figure. Inp-polarisation a single maximum of the
scattered intensity is observed in the center of the scan range,
when the silicon particle is in contact with the silver par-

2 Results and discussion for single clusters on ticle. In s-polarisation two maxima appear, shifted along the

a substrate y axis, i.e. in the direction of the electric field. The qualita-

tive features of the image obtained srpolarisation can be

In the following section exemplary results froay-zscans of  explained as follows. Along theaxis aty = 0 the incidence

a probe over a surface with single clusters will be presenteds always in-plane with the pair axis of the probe—sample pair.

They are representative for more than 70 calculations. FigFhen, only the transverse mode is excited. For all ogtpars-

ure 3 is a sketch of the geometry in this scattering problenitions, the incidence is out of plane with the pair axis and the

In all calculations it is assumed that the evanescent wave &ectric field vector can be decomposed into two components

generated by total internal reflection at the interface glass—aparallel and perpendicular to the pair axis. Then, the more ef-

with an angle of incidence & = 60°. The correspondingin- ficient longitudinal mode is also excited to a certain amount.

dex of refraction of the glass prism was assumed to amount tdence the scattered intensity increases and approaches max-

np = 1.5 atall wavelengths under consideration. In all casesjma close tax = £35 nmbut in direction of the incident elec-

the scan range is 400400 nmin the x-y plane, and the cal- tric field. In p-polarisation the scattered intensity is always

culation has been performed for 22@00 positions of the dominated by the longitudinal mode and becomes maximum

scanning probe particle. The silicon particle is scanned acrosd x = 0 andy = 0 where only the longitudinal mode con-

tributes to the intensity pattern. At large distances of the probe

cluster the intensity tends to a constant value which is the

sum of the intensities scattered by the isolated silicon and

silver cluster. This value is different i& andp-polarisation

as the scattering of evanescent waves by single clusters is

polarisation-dependent.

In Fig. 5 we show the dependence of the scattered in-
tensities on the heigttt of the probe particle for the same
clusters as in Fig. 4. For that purpose the scans were per-
formed only aty = 0 along thex axis with z varying from
z=50nm (touching spheres) ta = 75 nm for the center
of the silicon particle relative to the glass substrate in steps
of 82=5nm In p-polarisation the maximum at=0 and
y = 0 obviously decreases with increasing height. For still

Fig. 3. Sketch of the scattering geometry for the scan of a Si-cluster acros@rger heights it can be eXpef{ted th_at finally the intensity is
a surface with a single spherical particle in the center of the reference frameverywhere the same as the intensity of two well-separated

p-polarisation s-polarisation

Fig. 4. Three-dimensional plot of the scattered
intensity inp- and s-polarisation of an incident
evanescent wave for the scan of a Si-cluster
(2ap =20 nm) across a surface with a single
spherical Ag-cluster @ = 40nm)
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s-polarisation of an incident evanescent wave for the scan of a Si-

cluster (Zp =20 nm) across a surface with a single spherical Ag-cluster

(2a1 =40nm). The heightz of the scanning particle is varied from

=
=

z=50nm (touching spheres at =0, y=0) to z=75nm in steps of 2a=10nm 2a=20m o8
5z—5nm 012 \. 05
— 0.0 /\J\\ 0.4
I /AN NS N g
clusters. Ire-polarisation the results are similar, exceptthatats, ,, *° ™ ° ™ =2 200 M0 0 0 20
x = 0 andy = 0 the intensity has a minimum and two max- @ 2a=30nm / 2a= 40 nm 175
ima at aboutx = +£35nm As these maxima shift towards £ °° 70
x = 0 with increasing height of the scannlng probe clusterg @2 \/ \\/ 16.5
the minimum becomes less deep with increasing height ang 28 »23 S /m - ee
finally vanishes for sufficiently large heights. It is worth men-%
tioning that these intensity patterns are different from thaty | 22=sm 2a=60nm \ :Z
obtained for plane waves in grazing incidence, due to the * \ 175
complex phase shift of the evanescent wave. Exemplary in-  *°| ~_ % . S
tensity patterns for plane waves are shown in a previous ' 100 250 T e T
paper [23]. b) x-position [nm]

In many further calculations we examined the dependenc'e . . . L
f these results on patrticle sizes, particle materials and t 9. 6. Two-dimensional plot ay =0 of the scattered intensity ip- and
0 : p P i olarisation of an incident evanescent wave for the scan of a Si-cluster
Wavelength of the incident wave. The results are summariz ap = 20 nm) across a surface with a single spherical Ag-cluster of vary-
in the following. ing particle size. The size of the Ag-cluster is varied from 2 10 nmto
2a; = 60 nmin steps of8(2a;) = 10 nm

2.1 Particle sizes

In s-polarisation the minimum at = 0 has already vanished
for the cluster pairSi—GaAsandSi—SiO, and is replaced

y a narrow maximum. The material dependence of the scat-
red intensity results from the different optical constants and
similar to the material dependence of the scattering by sin-
6ble particles. For demonstration consider the scattering cross
section of a single cluster that is very small compared to the

con partlcle with 29 = 20 nmand for a silver particle with L X . ] g
wavelength of the incident light (Raylelgh approximation). In
the size varying betweera2=10nmand 2y =60nm In this limit the scattering cross section is

p-polarisation the width of the maximum depends on the clus-

The probe cluster size was varied betwé@mmand20 nm

in diameter. The sample cluster size was varied betwe
10 nmand60 nmin diameter. In dependence on the particle
sizes the total scattered intensity increases with |ncreasm§
size. However, the basic features of the prewous scansrem
almost unchanged. An example is given in Fig. 6 for a sili-

ter size. Also ins-polarisation a size dependence can be seen 5.4 A6 2
X . i N 1287°ny a° | e —em
but is not so obvious as jprpolarisation. Osca= — (8)
9 A |e+2spy
2.2 Particle materials For particles of equal size and at constant wavelerigth

the cross section differs only by the dielectric constants
For the probe material Si anglisN, were used, which are of the particle material aney of the surrounding medium
commonly used materials in near-field microscopy. For thé€here: air). The dielectric constants of various materials and
sample material we used Ag, GaAs, aBiD, represen- the resulting cross sections for particles with =220 nm
tatively for metals, semiconductors, and isolators. Againat wavelengthh = 514 nmare summarized in Table 1.
the basic features of the previous scans remain almost un- It becomes obvious that the silver particle has the larg-
changed, however, the total intensity depends on the materiast cross section followed by silicoBaAs SisN4, and silica.
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Table 1. Values for the dielectric constant and the scattering cross sectiol z
of very small particles in the Rayleigh limit of same size and at the same a)
wavelengthh =514 nm

E—E 2
Material Dielectric constant Osca™X ﬁ‘
Ag —~10.3+i-0.205 1.853 x
GaAs 17.66+i -3.207 0.725
Si 17.89+i-0.525 0.72 2
SizNg 415+i-0 0.263 y
SiO, 2.13+i-0 0.075 b) /
From further calculations we found, however, that in scan:
with a SisN4 probe across a surface with clusters the scat X
tered intensity is almost the same as in scans of silicon prob
Hence, for near-field microscopy, it seems appropriate to us z
alsoSi3Ny4 instead of Si for the probe. c)
2.3 Wavelength
For comparison of the scattered intensity at different wave X

lengths we calculated scans of a Si-probeg@ 20 nm Fig. 7a—c. Sketch of the aggregates df = 5 identical Ag-clusters @ =
over a surface with a silver clusterg@= 40 nn) at wave- 40 nm). a Aggregate 1 (linear chain of sphereb) Aggregate 2¢c Aggre-
lengthsi1 = 514 nmand ., = 633 nm which are the most- 93

used laser wavelengths in common scattering experiments.

The results are not shown here but are discussed in the fal- : - e
lowing. The ratiol (A1) /1(12) approximately amounts to 2.94 Ioefng]ti Issiaﬂns'q% rS]Ir|TI]C0n particle isag=20nm The wave-
for p-polarisation and 2.83 fos-polarisation. These ratios S . . .

are F::IE))se to the ratior/A2)* = 2.3 that is expected from . Startlng with the linear chaln_ (aggregate .1)‘ Fig. 8 de-
single-particle scattering in the Rayleigh limit. The differencep'c_tsiTg nlme(zF?c:agts)) 223%;2'3@?8;?5:0gn(]F'cg)bsg)ugpd

is caused by the electromagnetic coupling among the clus: g. gre = Y,

. Lo . he scans att40 nm are identical, indicating a symmetry
;eg:;:‘p?itoilr[gg?y in the Rayleigh limit affects scattering an along they axis. Along thex axis all scans are slightly asym-

metric when going from-x to x. The asymmetry is caused

by retardation in the excitation of the particles in the chain:
the evanescent wave is phase shifted at each particle site when
propagating along the axis. In Fig. 8a six intensity maxima
with five intensity minima in between can clearly be resolved.

In this section we turn to exemplary results for aggregate¥he number of minima corresponds to the number of particles
of clusters. Without any restriction of the generality of thein the chain, whereas the number of maxima s increased by 1.
results the clusters in the aggregates were assumed to be iddinis result was also obtained in further line scans along lin-
tical in size and material. These assumptions strongly reduear chains with varying numbét of clusters, as long as the

the manifold of parameters that must be taken into account
in this scattering problem. For further reduction we restrict
ourselves to the discussion gfy-z scans inp-polarisation

of the incident evanescent wave. It is a preliminary result  esoo - .
and an obvious conclusion drawn from the scans presented ]
in the preceding section that for the purpose of imaging o0 | 4}
nanostructures by means of apertureless optical near-field mjiz ]
croscopy employing total internal reflection it is preferable2 ¢y | |
to usep-polarised excitation. Nevertheless, for all aggregate$
discussed in the following, also intensitiessipolarisation <o
were calculated, but will not presented in this paper. Th
geometry of the exemplary aggregates is sketched in Fig.
Aggregate 1 is a linear chain &f = 5 identical Ag particles
with 2a; = 40 nm Aggregate 2 and aggregate 3 are identical

in their topology, but for aggregate 2 all particles are inxye 800 00 o 100 200 200 100 o 100 200
plane whereas for aggregate 3 the fifth particle is centered at
2=60 nmabqve the fourth -CIUSter' He-'r-lce’ it seems appropril—:ig_ 8a,b. Two-dimensional plot of the scattered intensity jm and

ate to make line scans at Q|ﬁere311p03|tlons for aggr.egate 2 s-polarisation of an incident evanescent wave for the scan of a Si-cluster
whereas for aggregate 3 line scans at different heights of thea, — 20 nnj across a surface with aggregate yat 0 (a), aty = +40 nm
silicon particle will be of greater interest. In all scans the sizgb). The heightz amounts taz = 50 nm

3 Results and discussion for aggregates of clusters on
a substrate
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numberN is below N = 8. For largerN the influence of Finally, aty = 80 nmthe coupling among the probe and the
further particles in the chain decreases with increadlnge-  sample is dominated by the coupling with particles 4 and 5.
sulting in deviations from the above rule. This dependence ofhen, only a broad intensity peak at approximasely 60 nm
N also affects extinction and scattering spectra and was atemains in the intensity pattern (Fig. 9c).
ready discussed in [25]. The distance of the peak positions Figure 9d shows in addition the line scanxat 40 nm
of the outermost maxim& = 196 nmapproximately corres- along they axis. In this scan direction the probe mainly in-
ponds to the length of the aggregatexidirection OO nnj,  teracts with particles 3, 4, and 5. The scan exhibits 2 maxima
although the positions of these maxima are slightly shiftedvith 1 minimum in between and is asymmetric due to the
compared to the physical ends of the aggregate. This resudtfferent influence of the various patrticles in the aggregate.
was not confirmed by further calculations on linear chains The discussion of the intensity pattern obtained for aggre-
with varying N. For example, for a linear chain df =2  gate 3 is different from that of aggregates 1 and 2 because
spheres with 2= 40 nmthe distance of the outermost peak the probe particle must scan across the surface at different
positions amounts td = 56 nminstead of80 nm for a lin-  heights. Starting with the line scans yt= 40 nm which
ear chain withN = 6 spheres it amounts toix = 250nm  were done az = 50 nm it becomes obvious from Fig. 10b
instead o240 nm that they are identical. The features are similar to those of
In the line scans &y = £40 nm(Fig. 8b) the intensity is aggregate 2 in Fig. 9b. However, the first maximum at about
strongly reduced due to the larger distance of the scanning= —100 nmis not resolved as well as the minimum bet-
probe from the aggregate. However, the features of Fig. 8a ameen first and second maximum. As the fifth particle is now
kept except that the minima are less resolved than in Fig. 8a.
For aggregate 2 intensity curves from line scans along the
x axis aty =0, £40nmand 80 nmand a line scan along 3550
they axis atx = 40 nmare shown in Fig. 9. Comparing first 4100 |-
the line scan ay = 0 (Fig. 9a) with the corresponding line .
scan for the linear chain in Fig. 8a, some similarities can be 4000 -
recognized. However, now the intensity is reduced by aps
proximately a factof..8. Furthermore, only five maxima with
four minima in between can be resolved. Hence, the aggrez
gate 2 appears to be a linear chainf= 4 particles. In I
contrast, the intensity pattern is asymmetric in the sense tha;;t 3700
the fourth and fifth maximum are increased. This is caused bg I
the coupling with the fifth particle which is aside the fourth & seoo0 |-
particle in the chain (see Fig. 7b). ? -
The influence of this particle can also clearly be recog- 3%%°r
nized in the line scans at= —40nm 40nm and 80 nm _260 _160 6 160 gcl)o ,2I00 ,1I00 (; 1(I)0 g(l)o
in Fig. 9b and c. Aty = —40 nmthe coupling of the probe
clusperwith this particle is the smallest, hgnce, the line scan il§ig 10ab. Two-dimensional plot of the scattered intensity  and
.dommated by the four particles in the chain.yAt 40 nmthe s-polarisation of an incident evanescent wave for the scan of a Si-cluster
interaction becomes the strongest. Therefore, the fourth angh; — 20 nny across a surface with aggregate 3yat 0 for two heights
fifth maximum becomes approximately of equal magnitudez =50 nmandz =90 nm(a), at y = =40 nmand height taz = 50 nm (b)
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centered ak = 40 nmandz = 60 nm i.e. above the fourth sult holds true as long ad < 8. The distance between the

particle, its influence on the intensity pattern is different fromoutermost maxima in general does not agree with the total

that for aggregate 2. In particular, the magnitudes of théength of the aggregate in scan direction. The determination

fourth and fifth maximum have turned: now the magnitudeof heights is more difficult and requires further numerical

of the fifth maximum is larger than the magnitude of thestudies. This is also of interest because in a real experiment, it

fourth maximum. In turning to the discussion of the line scaris usually not the total scattered intensity that is being meas-

at y=0 in Fig. 10a, two intensity curves are plotted. Theured, but rather the oscillating component of the scattered

first curve forz = 50 nmis incomplete because at this height intensity, while the probe is dithered in taéirection. In this

the scanning probe cluster hits the fifth particlcat 20nm  case, background signal is suppressed. This will also be dis-

and cannot be further moved along thexis without lift-  cussed in a forthcoming paper.

ing. Continuation of the scan at this height is possible again In conclusion the calculations showed that evanescent

at x = 60 nm Betweenx = 20 nmandx = 60 nmthe probe light scattering is a useful method to obtain images of a scat-

must be lifted so that its center is minimunzat 90 nm The  tering subject. However, the evaluation of the intensity pattern

resulting intensity curve at this new height is shown for theaccording to size and shape of the scattering subject is deter-

whole scan region as the dashed line in Fig. 10a. It is evidemhined by the scattering of the evanescent wave also by the

that in this case the main contribution comes from the electrgprobe and the electromagnetic interaction among probe and

magnetic interaction among the probe cluster and the clustesample. The latter smoothes the sharp geometrical contures

4 and 5 in the aggregate. of the sample and yields minima and maxima in the scattered
intensity which cannot directly be attributed to the topology
of the sample. Hence, further discussion of the intensity pat-

4 Summary tern is necessary to obtain information about size and shape of
the sample. Basing upon the presented results, in forthcoming

In this paper we extended evanescent wave scattering on scatsimerical studies an algorithm will be developed that allows

tering by aggregates of particles or clusters. This increasinglgorrection of the intensity pattern for the effects of electro-

becomes important in the field of scanning optical near-fieladnagnetic coupling.

microscopy employing evanescent waves from total internal

reflection on a transparent plane surface, because in these ap-

plications the nanostructures may be replaced by an aggreg &

of spherical particles with different sizes. In this paper we eterences

have restricted ourselves to exemplary aggregates with iden- . _

tical clusters. Further discussion 1 necessary for aggregated i REdck £ Yarmack Tu feret s Regaror 1see)
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