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Abstract

The Discrete Sources Method has been extended to analyze the scattering behavior of a gold nanorod deposited on a plane surface in
an evanescent wave field. In this case the system particle-surface demonstrates no axial symmetry and it is not possible to apply the con-
ventional DSM approach for axisymmetric systems used before. In this paper DSM algorithm for non-axisymmetric systems is pre-
sented. The rigorous computer model based on DSM, which allows to take into account all features of the scattering problem
including particle-surface interaction has been realized. Computer simulation analysis of the scattering spectra of gold nanorod is

presented.
© 2006 Elsevier B.V. All rights reserved.
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1. Introduction

Noble metal nanoparticles attracted great interest in
recent years due to their special properties in optical scale
[1]. Nowadays nanoparticles have practical value in many
applications such as chemical and biochemical sensors,
medical diagnostics and therapeutics, biological imaging,
nanophotonics etc. [2-6]. When the dimension of a metal
nanoparticle is small enough compared to the wavelength
of incident light, surface plasmon can be excited due to a
collective motion of free electrons at the surface of the
metal nanoparticle that resonantly couples with the oscil-
lating electric field of the light. As a result of surface plas-
mon excitation, strong enhancements of absorption,
scattering, and local electric field in the vicinity of particle
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and in far zone arise. This effect strongly depends on par-
ticle size, shape, and type of materials, excitation and the
local environment [7-9]. This is the key feature for their
applications. Optical absorption and scattering have dom-
inant effects at different size regions, which can be used in
certain applications. The dependence of the Plasmon reso-
nance on the surrounding medium is useful in imaging
methods to detect attached biosystems [2].

In general, optical scattering effects, significant for par-
ticles larger than a few tens of nanometers, gives a more
efficient detection scheme for monitoring the local environ-
ments of single particle Plasmon resonance. For sensor and
other applications it is very important to understand how
the optical absorption and scattering depend on the parti-
cle geometry, material and excitation to find a way to con-
trol their relative contribution for the selected application.
From the viewpoint of optical scattering, noble metal
nanorods have attracted additional attention due to their
higher tunability of resonance frequency and multiple res-
onance peaks in compare with spherical particles [10]. Even
small elongation of spherical nanoparticle demonstrates
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drastic increase in scattering efficiency [11]. Another feature
of a nanorod is the strong dependence of plasmon reso-
nance intensity on the particle orientation with respect to
an exciting field [12].

Recently different numerical approaches have been
applied to investigate dependency of the scattering proper-
ties of nanorods on their properties and local environment:
the discrete dipole approximation (DDA) [13], the finite
difference time domain (FDTD) method [14], T-matrix
method [15] and others.

In this paper, we apply the Discrete Sources Method
(DSM) [16] to model light scattering by a nanorod depos-
ited on a plane surface. The DSM has been previously
applied to model different types of nanoparticles near a
plane interface: in [9] the DSM has been applied to solid
noble nanoparticle on a surface and in [17] the algorithm
has been extended to core-shell nanoparticles. The main
feature of DSM allows to take into account the whole envi-
ronment of the scattering problem including complete
interaction of a nanorod and the interface and the nanorod
orientation with respect to an excitation direction. The
main goal of our research is a detailed investigation of
the scattering behavior of gold nanorods.

In this paper, we took the model of elongated spheroid
to model the shape of nanorod. Dependence of scattering
properties of a gold nanorod on its aspect ratio and orien-
tation with respect to the excitation has been analyzed. In
the first part of the paper the DSM theory is briefly
described, and the numerical algorithm is presented in
the second part. The last part of the paper contains numer-
ical results and discussion.

2. Mathematical model

Let us introduce a Cartesian coordinate system Oxyz by
choosing its origin O at the prism—water interface X and Oz
is directed into domain filled with water Dy and the plane
z = 0 corresponds to the 2 plane (Fig. 1). Consider an axial
symmetric penetrable particle with an interior domain D,
and smooth boundary 0D; deposited on the plane prism
surface so, that the axis of symmetry is parallel to the inter-
face and belongs to the Ozx plane. We denote the prism
domain by D;. In such geometry the system particle-inter-
face has no rotational symmetry anymore and does not
allow to use conventional DSM described in [16]. We
assume that the exciting field {E’,H’} is a plane wave
propagating from D; at the angle 6; with respect to the
z-axis. Then the mathematical statement of the scattering
problem can be formulated as follows:

rot H; = jke:E;;  rot Ep = —jkuHg Dy,
n, % (E,(p) — Bo(p)) =0, & x (Eo(p) — Ex(p)) =0,
n, x (H;(p) —Ho(p)) =0, pe€oD;

e x (Ho(p) —Hy(p) =0, peF;

C:O717i7

and radiation conditions at infinity.

\ Al

Fig. 1. Model geometry.

Here, n, is the outward unit normal vector to the surface
0D;, k = w/c and {E;, H;} stands for the total field in the
corresponding domain D;,{ =0,1,i. Note that the total
field in D, is a superposition of the exciting field and the
scattered one. If Ime;, u, < 0 (the time dependence for the
fields is chosen as exp{jwr}) and the particle surface is
smooth enough: 0D c C®*¥, then the above boundary-
value scattering problem is uniquely solvable [18].

Here, n,, is the outward unit normal vector to the surface
0D;, k = w/c and {E;, H;} stands for the total field in the
corresponding domain D;,{ =0,1,i. Note that the total
field in Dy is a superposition of the exciting field and the
scattered one. If Ime;, u, < 0 (the time dependence for the
fields is chosen as exp{jwt}) and the particle surface is
smooth enough: 0D ¢ C®¥, then the above boundary-
value scattering problem is uniquely solvable [18].

We construct an approximate solution to the scattering
problem (1) on the base of the DSM. First the plane wave
{E°,H°} diffraction problem on the interface X is solved.
This gives the external excitation fields {E?,Hg},é =0,1
in domains Dy, which satisfy transmission conditions at
the plane interface. Now we can start to construct the
approximate solution of the boundary value problem (1)
for the scattered field {E},H}} in Dy, and the total field
inside D,.

In the frame of DSM the approximate solution is con-
structed by representing the electromagnetic fields as a
finite linear combination of the fields of point sources
deposited in corresponding domains. Their fields analyti-
cally satisfy the transmission conditions enforced at the
plane interface X [19]. Then the approximate solution sat-
isfies Maxwell equations in the domains D;,{ =0, 1,7, the
infinity conditions and the transmission conditions at X.
Thus, the scattering problem is reduced to the problem of
approximating the exciting field on the scattering surface
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0D;. Only the amplitudes of discrete sources are to be deter-
mined from the boundary conditions at the particle sur-
face, which can be rewritten in following form

x (E,—E)=n,xE); n,x(H,~H))=n,xH), (2
where {EJ, Hy} is the transmitted plane wave inside D.

To construct the fields scattered by a particle we will use
system of localized dipoles [20]. The field of dipoles analyt-
ically satisfy the transmission conditions for tangential
components of electric and magnetic fields enforced at
the plane interface 2. In this case the vector potential
accepts the form

/G M M() d‘CP, (3)

where é(M ,My) is the Green Tensor of a half-space [16]:

Gy, 0 0

GM,My)= |0 Gy 0 |, (4)
0, 0,
ay ae O

The corresponding tensor components can be written as

k o0
G (M, My) :7?hgz>(k0RMM0)+ / Jo(2r) vy (2,2)
0
a=1,3 (5

g(M,M()) = / Jo(;ur)vgl(/l,ZO) exp{—noz})udi.
0

x exp{—nyz}2d4,

Here Ry, =7*+ (z—2z0)’ 2 =p? +p2—2ppycos(@ —@y)Jo(.)
is the cylindrical Bessel function, 4, is the spherical Han-
kel function, (p,, ¢y,z0) are the cylindrical coordinates of
the point M, of multipoles. The associating spectral func-
tions vyy, v33, v3; are given by

g — Moty 1
v11(4, 2,z ———— —exp{—nz
n( 0) = HiMo + Moy 770 =z

€My — oty
v33(4, 2, z _— z z=20, zy>0;
33( 0) = e + €01 o exp{—1ozo} 0
Ugl(i z Zo) = 2(”161 _ #080) eXp{_'?()ZO}
T (10 + tomy) (e1m0 + omy) ’

(6)

where 12 = 4> — k7, k; = ke, L =0, 1.

We will construct the representation for the scattered
fields in Dy ; basing on a system of electric dipoles, depos-
ited in some points M,. Let {M,}~ is a dense set of
points, which are distributed over an auxiliary surface
So € C*% localized inside D; and co-axed with dD;
(Fig. 1). Let us consider three linearly independent electric
dipoles {e }?:1 situated in every point M, and orientated
in accordance with the cylindrical coordinate system. Fol-
lowing (3) the corresponding potentials for these dipoles
take a form:

A} ={G(M,M,)cos(p — ¢,); —Giisin(p — @,);
O0g(M,M,) 1 0g .
—————=cos(p — ¢,) —— —sin(¢ — @,) };
3 (0 —o,) > 30 (0 —9,)}
Al ={Gn(M,M,)sin(¢p — ¢,); Giicos(p —9,); (7)

0g(M,M,) . 1 0g
————sm(Q — @,) +—<—cos(¢ — @,);
o (o —®,) > 30 (0 —,)}

A} ={0;0;,Gi3(M, M,)}.

Then for the scattered fields in Dy; which satisty the trans-
mission conditions at X, the following representation is
valid:

rot EY (M), (=0,1; M € Dy,. (8)

Let us emphasize that the scattered fields in Dy and D,
are represented by an unitary set of dipoles’ amplitudes
{pn}-

Consider now the construction of the approximated
solution for the total field inside a particle D,. We will
choose the co-axial surface S;, which confines 0D;
(Fig. 1), and a dense set of points {M'}°, which are dis-
tributed over S;. Let us introduce the following system of
vector potentials corresponding to the external electrical
dipoles:

AL (M) = b (kiRypp Je; MY € S,

Then the representation for the total field inside the particle
accepts the form:

N; 3 )
Z Zp;,rot rot AL,(M),
n=1 [=1
HY (M) :kL rot EY(M), M €D, 9)

The representation for internal field (9) essentially differs
from those presented in [21]. Deposition of S; outside D, re-
gion seems to be more efficient especially for metal particles
of small diameter. The representations (8), (9) satisfy all the
conditions of the boundary value problem (1) except the
boundary conditions enforced at a particle surface 0D;. Un-
known amplitudes of the discrete sources are to be defined
from (2). Because the representation for the scattered field
(8) satisfies the transmission conditions for the fields at the
interface X, it allows to take into account all interactions
between particle and prism surface analytically.

The completeness of the system of dipoles guarantees
the convergence of the approximate solution to the exact
one [16].

3. Numerical scheme of the DSM

In this section, we describe the details of our numerical
scheme, which was realized from the new DSM based
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model of the last section. We also focus on the differences
between the new model and the conventional one [16].

As has been mentioned, the approximate DSM solution
(8), (9) satisfies most of the conditions of the scattering
problem (1). So, the determination of the unknown ampli-
tudes of discrete sources {{p?,}** }7_,; {{p),}),};_, is to be
performed from the fitting of the boundary conditions (2)
enforced at the particle surface 0D; in L,(0D;) norm [16].
To do this, we need an expression for the exciting field
{EJ,H)} in the Dy domain. In our case the refracted field
in D, takes the form
E) = 175¢"S exp(—ikr), HJ = nk x Ej; (10)

. . . T
here k = (—sin 0, cos ¢,; —sin 0, sin ¢; —cos 0) " ;

. . T
e’ = (—cos 0, cos; —cos 0 sin;;sin0;) ;

e’ = (sing;; —cos ;;0)";

P 2n; cos 0, . s 2n; cos 0, .
nycos 0; + ny cos 0y’ ny cos 0; + nycos by’

ng = /el is a refractive index in Dy, 0y is a refraction an-
gle of the wave transmitted into D,.

Various schemes for the amplitude determination are
at our disposal. It has been established that more stable
results can be obtained by using pseudo-inversion of an
over-determined system of linear equations obtained by
following the generalized point-matching technique.
Select a set of matching points on the particle,
{P_,-}‘//.:1 € 0D;, homogeneously covering the scatterer’s
surface 0D;. Then the linear system to be used for deter-
mining the discrete sources amplitudes can be found
from matching the boundary conditions (2) at the set
{Pj}jj,zl. This procedure leads to an over determined lin-
ear system with a dimension of 4/ x 3(N, + N;). The dis-
crete sources amplitudes are evaluated by a pseudo
inversion technique [22]. The DSM scheme enables an
estimation of the error in the solution by calculating of
the surface residual in L,(0D;) norm. Completeness of
the dipoles system provides convergence of the approxi-
mate solution (8), (9) to the exact solution of the scatter-
ing problem (1) [21].

Let us emphasize the main differences between the new
DSM scheme and the conventional DSM one applied to
axial symmetric structures on a substrate [16].

1. The approximate solution (8), (9) is independent of the
polarization of the external excitation in contrast to
the conventional DSM [16]. This allows examination
of the scattering problem for the whole set of polariza-
tions and incident angles at once.

2. The representation for the scattered field (9) involves the
dipole sources only. It simplifies the numerical evalua-
tion of the Sommerfeld integrals (5), and provides a
more stable scheme for the matrix elements computation
compared to the conventional DSM where multipole
sources are used [16].

The number of matching points where the DS ampli-
tudes are defined increases until the necessary accuracy
of the results is achieved. The DS number usually is
4-6 times less then the number of matching points.
Resulting errors are estimated by computation of a sur-
face residual in least-square norm. As a rule in a range
of parameters under consideration relative surface resid-
ual less then 0.2% assures the results errors to be less
then 0.1%.

After the amplitudes of the discrete sources are deter-
mined, one can calculate the far field pattern F(0, ¢) of the
scattered field, which is determined at the upper part of the
unite semi-sphere Q@ = {0° < 0 < 90°,0° < ¢ < 360°} and
is given by

E)/EYz = 0)) = ZPER g ) 101/,

r=|M|— o0, z>0.

We use an asymptotic approximation for the Sommer-
feld integrals [22], which leads to the following representa-
tion for the components of the scattering diagram

No
Fo(01,0, ) =ik Z{P9,1f01 + Ponfin — Phsfos},
n=1

Ny
Fo(01,0,0) = ikZ{—pglfw + S}

n=1

Jor =cosOcos(¢p — ¢,)y"
+ {cos 05, (0) + sin” 0633(0) } cos O cos(p — ¢,)y ™,
i = cosOsin(p — ¢,))"
+ {cos 0, (0) + sin® 0533(0) } cos Osin(p — )7,
Sfo3 = sin Oy" + cos 0733(0) sin 0y,
Sor = sin(@ — @,)7" + cos 00,1 (0) sin(e — )7,
Jor = cos(¢ — @,)7" + cos 0011(0) cos(¢ — ,)7;
y*t = exp{iko(p, sinOcos(p — @,) +z,cos0)};
y~ = exp{iko(p, sin O cos(p — @,) — z,cos0)}.
(1)
Here (p,,¢,,z,) are the cylindrical coordinates of the

points M, € Sy. Spectral functions involved into represen-
tation (11) accept the form

_ 2 22
0)=———, =4/& — sin” 0,

ou(®) 1y €08 0 + po v i

_ 2¢

Ry

_ 2(p81 — Hpé

031(9) _ (:ul 1 Ho 0)

(£1¢c08 0 + e ) (1 cos 0 + pg\)

Hence, the components of the far field pattern (11) do not
contain Sommerfeld integrals and can be represented as
finite linear combinations of elementary functions. This
circumstance ensures a low costs computation of the scat-
tering characteristics in the far zone.
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4. Results and discussion

In the paper we will consider the intensity of scattered
unpolarized light

1
1(01,0,9) = 5 (11 (01, 0.9)|” + 11°(01,0,0) "), (12)

where I75(0,,0,0) = |F{*(01,0,0)]" + |F}* (01,0, )| and
Fﬁj(@l,ﬁ, @) are the components of the far field pattern
for P and S polarized incident plane wave in a spherical
coordinate system 6, . We are mainly interested in the
objective scattering cross-section (objective response),
which represents the integrated intensity scattered into
the prescribed solid angle Q

a(4) :/91(91,6, ¢)dw, (13)

where Q= {0<0<34%0< ¢ <360°}, which corre-
sponds the Numerical Aperture of the objective lens
NA =0.75.

As a shape model of nanorod we consider an elongated
spheroid with equivolume diameter equal to 40 nm. As
nanorod material we took gold (Au) and as substrate mate-
rial BK7 glass. As incidence an unpolarized light has been
taken. An incident angle was chosen at 6 = 63° which is
very close to the critical angle 0. = arcsin(ng/n;). We
remind that ng,n; depend on the exciting wavelength 4,
and 0 = 0° corresponds to the normal direction to the
prism surface. We also examined different orientations of
the spheroid with respect to the incident plane. In the
results presented below the ¢ = 180° plane corresponds
to the incidence case where P-polarized E belongs to the
zx-plane and ¢ = 90° plane corresponds to the incidence
case when P-polarized E belongs to the zy-plane.

In Fig. 2 the objective response (13) versus wavelength
for a spheroid with aspect ratio ¢ = 1.5 and different orien-
tations is compared to the objective response for a sphere.

Au spheroid D=40nm, aspect ratio=1.5, e1=63°.

0.0003 -
\Y
£
1 (¢}
S — =180
g 0.0002 — 9=150°—
2 —o—¢=120°
2 o= 90°
_g —e—sphere
8 0.0001 [
'Q .
o o
0.0000

0.4 0.6 0.8
Wavelength, um

Fig. 2. The objective response (13) versus wavelength for a gold (Au)
spheroid of diameter D =40 nm and aspect ratio a = 1.5 for different
orientations of the incident plane compared to the objective response for
an equivolume sphere.

From the results one can see, that the objective response
from a spheroid in case of ¢ = 180° is lower then one from
a sphere. Objective responses for spheroids with ¢ =2 and
a=2.5 are presented in Figs. 3 and 4 respectively. From
comparison of results it is obvious, that maximum
enhancement of objective response for spheroid is reached
at ¢ = 90° and lowest — at ¢ = 180°. Besides, the spectral
peak shifts to the area of longer wavelengths when aspect
ratio of spheroid increases.

Let us now fix the incident plane and vary the aspect
ratio of the spheroid. Fig. 5 shows an objective response
versus wavelength for ¢ = 180°. In Figs. 6 and 7 similar
results are presented for ¢ =150° and ¢ = 90°, respec-
tively. From Fig. 5 we can see that for ¢ = 180° the objec-
tive response for a sphere exceeds the one from a spheroid.
But with rotation of the incidence plane from 180° to 90°
the objective response of a spheroid gets higher (Figs. 6
and 7). The objective response from a spheroid mostly
exceeds the objective response from a sphere. From a range

Au spheroid D=40nm, aspect ratio=2.0, 6,=63°.

0.0008 -

g

i (<]

& 0.0006 —— =180

g (p=150:

§ —o0— =120

© 0.0004 =90° [——

) ¢ n“;
=

©

Q0

e}

o)

0.0002
R m— ST e TR <i

0.0000

-

0.4 0.6 0.8
Wavelength, um

Fig. 3. The objective response versus wavelength for a gold spheroid of
aspect ratio a = 2, different orientations of the incident plane.

Au spheroid D=40nm, aspect ratio=2.5, 6,=63".
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e
1 (]
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g 0.0002 ¢=150° R
a —o—=120°
o ¢=90°
2
S 0.0001 —
8
o)

0.0000 A

04 0.6 0.8

Wavelength, um

Fig. 4. The objective response versus wavelength for a gold spheroid of
aspect ratio a = 2.5, different orientations of the incident plane.
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Au spheroid D=40nm, ¢ =180°, 6,=63°

0.00008

E /\ sphere
=

& 0.00006 ratio=1.5
2 —o—ratio=2.0
<3 ratio=2.5
@ 0.00004 —e—ratio=3.0
)

=

jec

\J \.

0.00000

Ob

0.4 0.6 0.8
Wavelength, um

Fig. 5. The objective response versus wavelength for different aspect ratios
of a gold spheroid compared to the one from a sphere for the incident
plane orientation ¢ = 180°.

of aspect ratios only a spheroid with ¢ =3 demonstrates
lower response (Fig. 6). In Fig. 6 we see, that a spheroid
with ¢ = 2 provides a maximum enhancement in the objec-

Au spheroid D=40nm, ¢=150°, 6,=63".

0.00020 - ‘

g sphere

g 0.00015 | ratio=1.5

S —o—ratio=2.0

o ratio=2.5

o —e—ratio=3.0 ;f{

o 0.00010 —

=

8

8 0.00005 /\
0.00000

0.4 0.6 0.8
Wavelength, um

Fig. 6. The objective response versus wavelength for different aspect ratios
of a gold spheroid compared to the one from a sphere for ¢ = 150°.
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tive response among the others. Fig. 8 presents more
detailed investigation in aspect ratio range close to 2. Again
from the results we see that maximum of response is
reached with an aspect ratio of 2.

Let us now investigate what happens with the scattering
intensity of unpolarised light (12) when the objective
response reaches its maximum value. In Fig. 9 the scatter-
ing intensity versus scattering angle for a spheroid of
a = 1.5 for different orientations of incident plane is pre-
sented. For demonstration we took 4= 550nm corre-
sponding to the resonance peak of this spheroid. Similar
results for a spheroid of ¢ =2 and 4= 650 nm are pre-
sented in Fig. 10. From results analysis of the results one
can notice that intensity gets higher with rotation of the
incidence plane from 180° to 90°.

Now we would like to investigate which polarization is
responsible for the intensity enhancement. For this aim a
spheroid of a =2 is taken.

Au spheroid D=40nm, ¢=90°, 6,=63".

0.0008
[
g ratio=1.5
& 0.0006 — ratio=1.75 \
@ —o—ratio=2.0 ]
% ran:;.gS \
—— =
© 00004 | ==
o
=
©
Q9 /
8 0.0002 =
;oodo
0.0000 e
0.4 0.6 0.8

Wavelength, um

Fig. 8. The objective response versus wavelength for different aspect ratios
of a gold spheroid compared to the one from a sphere for ¢ = 90° for the
smaller step of aspect ratios.

Au spheroid D=40nm, aspect ratio=1.5, A=550nm, 91:63".
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Fig. 7. The objective response versus wavelength for different aspect ratios
of a gold spheroid compared to the one from a sphere for ¢ = 90°.
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Fig. 9. The scattering intensity versus scattering angle for a spheroid of

a = 1.5 for different orientations of the incident plane, and wavelength
A =550 nm.
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Au spheroid D=40nm, aspect ratio=2.0, A=650nm, e1=63°.

1E3;
1E-4 L
I
€ ! —o0—¢=120° 1
- ¢=90°
1E-5 | —
\_/
1E-6 '
290 -60 -30 0 30 60 90

Scattering angle (deg.)

Fig. 10. The scattering intensity versus scattering angle for a spheroid of
a =2 for different orientations of the incident plane, 2 = 650 nm.

In Fig. 11 the intensity of the polarized light versus scat-
tering angle for such a spheroid for two positions of the
incident plane and A =650 nm is presented. One can see
that curves for P-polarized light do not depend so much
on the orientation of the incident plane, but for S-polariza-
tion its intensity drastically increases with a rotation of the
incidence plane from 180° to 90°. Thus, the main contribu-
tion into intensity is mostly provided by the S-component.
In Fig. 12 the intensity of S-polarised light versus scattering
angle is presented for spheroids of aspect ratios close to 2
with a small step. From these results one can notice that
the intensity is maximal for a =2 which helps to explain
results from Figs. 6-8.

Finally we would like to summarise our research using
computer simulation:

1. The spectral peak shifts to the areca of longer wave-
lengths with increasing aspect ratio of a spheroid;

Au spheroid D=40nm, aspect ratio=2.0, A=650nm, 6,=63°.
| . : . |

1E-3

1E-4 ‘
1E-5 R
| Pt

1E-6 4.
—— ¢=180° P "\ f
1E-7 ¢=180°, S

[, um%/sr

b —0— 0= 900, P { !
1E-8 ¢=90% S
R .
1E-9 . . . . . S
-90 -60 -30 0 30 60 90

Scattering angle (deg.)

Fig. 11. The scattering intensity of P and S-polarized components versus
scattering angle for a spheroid of a =2 for different orientations of the
incident plane, A = 650 nm.

Au spheroid D=40nm, A=650nm, e1=63°, S-polarised.

‘ \ \ \
1E-3 S s
NQ ¢ ratio=1.8 ]
g —o—ratio=1.9
- 1E-4 ratio=2.0
! ratio=2.1
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Fig. 12. The scattering intensity S-polarized component versus scattering
angle for a spheroid of different aspect ratios, 4 = 650 nm.

2. The spectral peak value increases when vector E is par-
allel to the longer axis of a spheroid. An excitation of the
longitude mode [12] is responsible for this effect.

3. The spectral peak reaches its maximum value for a
spheroid of aspect ratio a = 2.

5. Conclusion

In this paper DSM has been applied to the scattering
analysis of nanorod deposited on a prism surface. The
main goal of the investigation was to clarify the scattering
behaviour of nanorods on their aspect ratio and orienta-
tion with respect to an excitation. The results obtained by
simulations allow to conclude that an aspect ratio a =2
provides the maximum value of the scattered field enhance-
ment. It has been found that the response increases when
the incident plane rotates from 180° to 90° and the main
contribution into scattering enhancement was provided
by the S-component of the incident light. The longitude
mode is responsible for this enhancement.
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