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Abstract
To simulate the optical signal in a bio-medical sensor

the Null-Field Method with Discrete Sources (NFM-DS)
was extended to light scattering by a particle on or near a
planar waveguide. The program is verified by comparison
of scattering diagrams and extinction cross-sections with
those computed using the Mie theory and the Discrete
Source Method (DSM).

1. Model
An optical detection systems used in a biomarker

sensor seems to be a very promising technique, which
allows rapid and sensitive detection of molecules in a raw
biological sample. Using a non-homogeneous
electromagnetic field eq. an evanescent wave helps to
discriminate biomarker-induced and non-biomarker-
induced signals. If the marker is bio-chemically bonded to
the surface inside the penetration depth of the evanescent
wave on the waveguide, then it is excited and scatters
light. Otherwise, the signal-over-background ratio has to
be increased because the concentration of the bio-marker is
usually very low and the real-life biological samples
generate very high background signals. This requires
further investigations of the light scattering process in a
bio-medical sensor.

a) b)

c)

Figure 1 Different detection techniques of a particle in the
evanescent field a) dark field, b) total internal refraction method
(TIRM) c) bright field.

There are different detecting techniques schematically
presented in the Figure 1. The detector can be positioned

in the a) lower or c) upper half-space or b) it detects the
extinction of the total internally reflected beam.

2. T-matrix method
The T-matrix method is a well known accurate method

to simulate light scattering problems for scattering objects
comparable with the wavelength [1, 2]. It is based on a
semi-analytical solution of the Maxwell equations. In the
frame of the method the electromagnetic fields are
expressed in term of the Spherical Vector Wave Functions
(SVWF) as follows
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where nma , nmb and nmp , nmq are the expression
coefficients of the incident and scattering fields. The NFM-
DS allows computing the interconnection between the
coefficients in linear form using the T-matrix
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The method was originally suggested for single dielectric
particles of arbitrary shape [3]. Nowadays it is extended to
more complex cases like anisotropic material, clusters of
particles, Gaussian beam or electron beam excitation and
particles on or near a plane surface [2, 4]. Analytically
including the particle-surface interaction into the T-matrix
method leads to the following equation [2]
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where nmp , nmq are the expansion coefficients of the
scattering field in the upper half-space, R is the reflection
matrix describing the linear transformation of the
expansion coefficients by the reflection. The computation
of the matrix R is based on the representation of the
outgoing SVWF as an integral over plane waves and
applying the Fresnel coefficients to each plane wave.  To
compute the scattering field in the lower half-space we use
the transition matrix R
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where the matrix R is computed in the similar way like
R .

Computation of the extinction cross-section extC for the
particle illuminated by the evanescent wave differs slightly
from the well known formula for the free space case [1].
Following the derivation by the referred book for the
electromagnetic fields in the lower half-space the
extinction cross-section can be computed as follows
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where RE stands for the total internally refracted field,
TRE stands for the scattered light transmitted through the

surface boundary in the direction of the RE , subk is the
refractive index of the substrate.

3. Numerical results

Differential Scattering Cross-Section (DSCS)
In order to validate the derived equations we compared

the numerical results using the Discrete Source Method
(DSM) [5].

In Figure 2 the scattering diagrams for the spherical
particle on the plane surface are presented. The particle of
diameter 600nm is placed near the surface with a particle-
surface distance of 100nm and it is illuminated by the
evanescent field. The refractive index of the particles is 1.5
and that of the ambient medium is 1.33. The evanescent
wave is produced by a plane wave of wavelength 628.5
nm traveling in the substrate at an incident angle of 45
degree. The refractive index of the substrate is 1.5. The
comparison of the scattering diagrams obtained by the T-
matrix code and the DSM shows very good agreement for
both polarizations.

Extinction Cross-Section
In Figure 3 the spectral extinction cross section of an

spherical Ag particle on a plane surface is presented. The
particle of diameter 200nm is illuminated by an evanescent
field. The refractive index of the substrate is 1.5. The
evanescent wave is produced by a plane wave of
wavelength 628.5 nm traveling in the substrate at an
incident angle of 70 degree. Three different approaches are
compared a) illumination by a plane wave, b) solution by
Quinten [6] (homogenous evanescent field incident on the
particle) and c) exact solution using NFM-DS.

One can see that for larger wavelengths if the particle
lies deeply inside the penetration depth there are no
differences between the three approaches. Even
illumination by a plane wave gives a good estimate of the
signal. The smaller the wavelength, the smaller
penetration depth. In this case, the evanescent field inside
the particle region becomes strongly decaying and
approximation by Quinten disagrees with the NFM-DS
simulation.
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Figure 2 Comparison of the differential scattering cross-sections
for a spherical particle near the surface using
the NFM-DS and the DSM method.

Figure 3 Comparison of the extinction cross-sections for the
spherical particle on the surface computed using different
approaches.
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