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Total Internal Reflection Microscopy (TIRM) is an effective technique to measure weak
interaction forces between colloidal particles in solution and a flat surface. In this paper
the Discrete Sources Method has been applied to model different measuring schemes
for TIRM to find the most appropriate one for the determination of the distance
between a particle and the filmed surface. It has been found that the placing of a light
collector beneath the prism gives a considerable advantage compared with a conven-
tional TIRM design, where the collector is situated above the surface.

© 2011 Elsevier Ltd. All rights reserved.

1. Introduction

Total Internal Reflection Microscopy (TIRM) appeared
in the eighties as an effective technique for measuring
particle-wall interaction forces. Due to the use of the
Brownian fluctuations of a free colloidal particle for
obtaining the interaction potential, TIRM allows to mea-
sure forces with a resolution up to 1 nm [1,2], which is
advantageous compared to other techniques similar to
Atomic Force Microscopy [3]. In contrast to Photonic
Force Microscopy (PFM) [4,5], which is able to measure
femtonewton forces as well, TIRM allows measurements
close to a surface [6-8], while the PFM is applicable just to
bulk measurements far from surfaces. Recently TIRM has
been extended for measurements of van der Waals [9],
Casimir [10], magnetic [11], depletion [12,13] and elec-
trostatic [14] forces.

In the beginning of TIRM measurements the recon-
struction of the interaction potential was based on the
simple assumption that the intensity of the field scattered
by a particle is proportional to the intensity of an
evanescent exciting field in the particle domain. Later
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measurements showed disagreement with the behavior
predicted by this simple model [15]. Recently, the simple
assumption has been corrected by using a rigorous
scattering model, based on the Discrete Sources Method
(DSM) [16]. It has been proved that employing the DSM
model allows reconstruction of the potential with high
precision [15,17,18]. In a particular case the reconstruc-
tion of the interaction potential has been done by com-
paring the measured results with the simulated results
computed by the DSM model.

In conventional TIRM setups the colloidal particle is
situated above the glass prism. The laser beam propagat-
ing from the prism to the surface with an angle slightly
above the angle of total internal reflection generates an
evanescent field in the area above the prism. In the TIRM
schemes the scattered light is collected by the objective
placed above the particle in the far zone (Fig. 1A).
Recently it has been suggested to place the light collector
in the area beneath the glass prism. In this case the
collecting objective is oriented toward the beam, which
is reflected from the prism surface (Fig. 1B). To reduce the
intensity of the reflected beam the effect of Plasmon
Resonance (PR) in a thin gold film, deposited on the prism
surface, can be employed [19].

In the present paper the DSM has been applied to
model suggested TIRM schemes and to compare their
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Fig. 1. Model geometry: objective disposition for the case of conven-
tional setup (A); alternative setup (B).

efficiency. The direct comparison allows choosing the
scheme that is more appropriate for the determination
of the particle-film distance.

2. Discrete sources method outlines

In this section the DSM model for the evanescent wave
scattering analysis is considered. We start with the
mathematical statement of the polarized light scattering
problem. Consider an axial symmetric penetrable particle
with an interior domain D; and a smooth boundary oD;
that is deposited above the plane surface X, (z=d) (Fig. 2).

We denote the prism domain by Dy and an ambient
space exterior to the particle by D,. Let us introduce a
Cartesian coordinate system Oxyz by choosing its origin O
at the intersection point of the axis of symmetry of the
particle and the plane g (z=0). The Z-axis coincides with
the axis of symmetry of the particle and is directed into
the domain D,. A noble metal film occupying domain D,
with upper boundary X; (z=d) is located on a planar
surface X, of a glass prism. We assume that the exciting
field {E°, H®} is a linear polarized plane wave propagating
inside the glass prism at angle 0, with respect to the
z-axis. According to Snell's law the wave ({Ei, Hg}
refracted into D, propagates at angle 0, to the Z-axis.
Then the mathematical statement of the scattering pro-
blem can be formulated in the following form:

V x H, :ijIE[, V x E = —jk/l[Hl, in Dy, 1=0,1,2,i

n; x (E;—E;)=0 n; x (H;—H)=0 ataD;

e, x (E 1—E)=0 e;xH; {—H)=0at X, where [=0,1
M

plus radiation conditions at infinity in D, and attenuation
conditions in D;.

A
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Fig. 2. Model geometry: particle deposited on a filmed prism surface.

Here, n; is the outward unit normal vector to oD;, k=w/c
and {E, H;} stand for the total field in the corresponding
domain D, e, is the unit vector along Z-axis. Note that the
total field in D, is a superposition of the refracted exciting
field and the scattered one, that E; = ES +E}, Hy = HS + H),. If
Ime,u; <0 (time dependence for the fields is chosen as
exp{jwt}) and the particle surface is smooth enough,
OD;=C®>*) then the above boundary-value problem is
uniquely solvable.

The solution of the boundary value problem is con-
structed following the DSM scheme [16]. First the trans-
mission problem of the plane wave on the layered
interface is solved. The resulting field (E!, H}} satisfies
the transmission conditions at X, ;. Then we construct an
approximate solution to the scattering problem (1) via the
DSM by representing the electromagnetic fields as a finite
linear combination of the fields of dipoles and multipoles,
which satisfy analytically the transmission conditions
enforced at the plane interfaces Xy, [16]. The approx-
imate solution satisfies the Maxwell equations in the
domains D,, [=0,1,2, infinity conditions and the transmis-
sion conditions at the interfaces X ;. Thus, the scattering
problem is reduced to the problem of approximating the
exciting field at the particle surface o0D;. The amplitudes of
the discrete sources (DS) are determined from the bound-
ary conditions at the particle surface, which can be
rewritten as

n; x (El—Ei) =1; X Elz, n; x (H,—H‘;) =1; X le at 6D,‘,
(2)

To construct the fields of dipoles and multipoles that
analytically satisfy the transmission conditions at the
plane interfaces X,; we incorporate the Green’s tensor
for a stratified interface [16].

The approximate solution of the scattering problem is
constructed fulfilling the transmission conditions and the
plane interfaces X ; taking into account the rotational
symmetry of the scattering problem geometry (particle
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plus layered interface) and the polarization of the exciting
field [20].

Now let us consider a P-polarized exciting plane wave.
In this case, the refracted plane wave in D, accepts the
following form:

Eg(r) =TS (—eycos 0, +e,sin0y)exp{—jka(xsin O, +zcos )},

Hi,(r) = T nyey exp{—jka (xsin 0, +zcos 0,)}, 3)

where (e,, e,, e,) are unit vectors of the Cartesian coordinate
system, n, = ./&2[1, is the refractive index of the ambient
space, ky=kn, and T} is the transmission coefficient for
P-polarization associated with the multi-layered interface.
Following Snell's law: ngsinfy= nysinf,. If 6y >0, =
arcsin(n, /ng) the exciting wave is totally reflected from the
plane X, and only an evanescent wave propagates along the
surface ¥; and damped by the e, direction is presented in
D,. In this particular case cosf, becomes purely imaginary.

We must choose its value as cosf, = —j \/sin? 6,1, other-
wise the amplitude of the refracted wave would tend to
infinity with increasing distance from the interface Z. So, the
plane wave amplitude takes the form exp{—jk,xsinf,}

exp{—k,z4/sin? 0,—1}.

As mentioned above, the approximate solution of the
scattering problem is constructed by taking into account
not only the rotational symmetry of the scattering pro-
blem geometry, but the polarization of the external
excitation as well [20].

For P-polarized excitation we will use the Fourier
series for the plane wave with respect to the azimuth
angle ¢:

exp{—jka psinf,cosp} = Z (2—00m)(—)™Jm(k2 p sinB;)cosmep
m=0
Here J, is a cylindrical Bessel function of m-th order,
dom is the Kronecker delta symbol. For the Fourier har-
monics of the tangential 7,p-field components we get

E)-t=el, (ncos(m+1)p, Eh-e,=ep (nsin(m+1)e,
Hy-t=h (psinim+1)p, Hj-e,= hf, p(mcos(m+1)g,

where 7 is a tangential vector to the generatrix 3 and e, is
a unit vector of the cylindrical coordinate system.

According to this for the P-polarized exciting plane
wave (3) we use the following electric and magnetic
vector potentials corresponding to the multipoles

AL (0) = {g5,(1,2n)cos(m+ 1) ;. —g&,(1,zp)sin(m+ 1)@

—fm+101.2zn)cos(m+ ¢},

Al (r) = (gh(n,zn)sin(m+1)@; gl (1,zn)cos(m+1)¢;
—fm+101.z0)sin(m+ 1)},

A5 =(0;0: g% (n.20)); {=0,1,2; (4)

here g&M fn are the Fourier harmonics related to the Green
tensor components, which takes the form of Weyl-
Sommerfeld integrals

g m.zn) =[5 Im(p)Vii(z.20, )2 T d A,
Fin(1.20) = /0 ImGpv31@zn, )21 d. ®)

where (p,p,z) are the cylindrical coordinates, point
n=(p,z) belongs to the semi-plane ¢=0. Here {z;};°_, is
a dense set of DS coordinates distributed over a segment
I'? € D; of the axis of symmetry and v¢(z,zy, ), v31(z,,2)
are the corresponding spectral functions, which provide
the continuity of the tangential field components at the
interfaces X, ; and can be represented as follows

eixp“'zfz‘z"z““ +ASM (L znexpi—n, |z—d|},z> d,z, > d
eh

Vil =S A" (4,zp)exp{—n, |z—d|} + A" (L, zn)exp{—n,2},d = 2> 0;
ASh=(,zn)exp(ngz), z<0

B (L,zn)expl—ipy|z—d|), z=d, zn>d
uglh = Bﬁ""(i,zn)exp{fn1 |zfd\}+Bﬁ"‘+ (hzn)exp{—n,2}, d=>z=>0;
BS"~(Lzn)expingz), z<0

where % = )Vz—kf. The spectral coefficients A and B can be
determined from the one dimensional transmission con-
ditions at z=0,d, which takes the following form [20]:

e 6h
5] = %] =0, 5] = [1%] =0,
1. _ 161/%1 _ 1] .
[ﬁ"“]‘o'[@?}‘ H”“’

1,7 Al 1avh | 717,
{Eual]—o-[a—az ——avn-

Where [] is a jump of values. In particular, the equality
v§, = v, holds under z>d.

For the total field inside particle D; we choose the
following vector potentials [16]

A% (1) = (L (n.zn)cos(m+1)p;  —Jb (1,zn)sin(m+1)e; 0},

AL = (L (1.zsin(m+1)@; i, (7.2n)cos(m +1)¢; 03,

A (r) = {0;0; J5(17,20)); (6)

where Ji, (7,2n) = jm(kiRyz,)(p/Ryz,)™, and jp, are the sphe-
rical Bessel functions. Let us introduce the following
notations:

N J/keyV x Vx L 1/ Vx
D, = -1/, Vx » Da= J/keyV x Vx |

Now we can represent the approximate solution of the
scattering problem for the P-polarized excitation [16]:

E\ o I Blael 1 Blahl
e, D \
H = Z Z {pmnDlAmn+qmnD2Amn}
N m=0n=1
Ny

+ 3 DAL =2 7)
n=1

The last term in (7) is associated with vertical electric
dipoles. Here, N is a complex index incorporating M and
N!.. We emphasize that in frame of the DSM, the
scattered field {Ef\,, Hf\,} in domains Do, can be repre-
sented in terms of the unitary set of amplitudes
(P2 G272} due to the fact that the transmission
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conditions at the interfaces X ; are satisfied by incorpor-
ating the Green’s tensor components (5) [16].

Let us next consider S-polarization of the exciting
plane wave

E)(r) = T5e, exp{—jka(xsin 0, +zcos 0,)},
Hg(r) = T5ny(—ey cos 0, +e, sin0y)exp{—jky(xsin 0, +zcos0y)}, (8)

where the T§ transmission coefficient associated with
interfaces X4
The Fourier components are taking the form

E)-t=e;, (nsin(m+1)p, Ej-e,=e,  (n)cosim+1)e.
Hy-t=h5, (cos(m+1)p, H-e,=h5, (psinm+1)p.

To take into account the polarization of the external
excitation in S-case (8) the following electric and mag-
netic potentials are used

A%L(1) = (g5, (n.zn)sin(m+1)@; g5, (1,zn)cos(m+1)g;
—fm+1(1,z0)sin(m+ 1)@},

Al = (gl (1.zn)cosm+1)p; —gl(1.za)sin(m+1)g;
—fn+101,zn)cos(m+ 1)@}
A1) = {0: 0: g (17,20} )

So, for S-polarization the approximate solution accepts
the following form:

N
1
( ) Z Z {pmnDlAfnnJrqmnDZAlr;;}
m=0

N,
Z DAl 1=2,. (10)

The last term in (10) is associated with vertical
magnetic dipoles [20]. The difference between (7) and
(10) is caused by the fact that for S-polarization vector H},
belongs to the incident plane.

The completeness of the system of lowest-order dis-
tributed multipoles used in (7) and (10) guarantees the
convergence of the approximate solution to the exact one
in any closed subset of D, [21].

3. Numerical scheme

As mentioned above the representations (7) and (10)
satisfy all the conditions of the scattering problem (1)
except the transmission conditions at the particle surface
(2). These conditions are employed to determine the
unknown amplitudes of the DS {pZ}, gZi.r>}. Because the
scattering problem geometry is axially symmetric with
respect to the Z-axis and the DS are distributed along the
axis of symmetry, the problem of fulfilling the transmission
conditions (2) at the surface oD; can be reduced to the
sequential solution of the transmission problems for the
Fourier harmonics of the fields. Thus, instead of matching
fields at the scattering surface, we can match their Fourier
harmonics. Reducing the approximation problem on the
surface leads to a set of problems enforced at the particle
surface generatrix 3. The unknown vector of DS amplitudes
{pZl, qZi,r2can be determined as a pseudo solution of an

over-determined system of linear equations
Bwpn, =49, m=0,..,M,

here B,, is a rectangular matrix B, =[BM.], k=1 ,..., 4L,
K'=1,..,2(N"+N7". It was found that the reasonable ratio
between number of matching points and the number of DS is
2<L/(N"+NJ) <4. In this case the vector of unknown
amplitudes p,, has the length of 2(N]"+NJ") and the vector
in the right-hand side can be represented as 4L vector in the
following form:

m= (e‘rcn(nrc) e (’7K) hy (nlc) h, ('lh))
The components of the vector for the P-polarized
excitation can be written as:
eh (1) = —(=)"T5 {0108 O Jm(k2 p Sin02)—Jim 1 2(k2 p Sin6)]
+2jfsin0y);m 1 1(k2psinbdy)} x exp{—jkpzcosbs,},

e (1) = —c08 02 (=)™ T3 (k2 p sin07)
+Jm 2(k2p sin0y)]exp{—jkazcos 0},

hp () = —o(=)" T3 M2 Jm(kz p 5N 02)
+Jm+2(kapsinfy)]exp{—jkozcos0,},

hp () = —(=)"T5 12 [Jm(kz2 p 5inO3)
—Jm+2(k2psin0,)] exp{—jkzcos 0,}.

where T} is

v tb, t8, exp(—jki cos 01 d)

271 +18, 1P, exp(—2jk; cos 61d)’
Here 0, is the angle of refraction inside D; following to
Snell’s law, and

n, cos0,—n,cos0,
n,cos6, +n,cosb,’

P 2n,cos6, P
Y n,cos0,+nycos0," "

are the corresponding coefficients of transmission and
reflection at the interface between the D, and D, domains.

In case of S-polarized excitation the components
accept the following form:

ey (D) = (=) " T5Um(k2 p SiN02)+ Jm 4 2(k2 p sin02)]exp{—jkyzcos 02},
€5 = ()" T3Um(k2 p SiN02)—~Jm . 2(k2 psin02)]exp{—jk,zcos b2},

b, (1) = —(=)"T3n2{0:COS 02 Jm(k2 p SIN02)—Jim 1. 2(K2 0 SIN 02)]
—2jfsin02)m +1(k2psinb)} x exp{—jk,zcosb,},
My (11) = —C0S 05 (=) " T35 (k2 p 5in 0)
+Jm+2(kapsinby)]exp{—jkazcos 0}

s 13163, exp(—jk; cosf:1d)

271 +13,13, exXp(—2jk; cos01d)’
and

s 2n,cos0, __ m,cosf,—n,cos0,
W™ n,cos0,+n,cosh,’” " n,cosO,+n,cos0,’

here («, O, f3) is a vector, tangential to the particle meridian
at p-point and (p, z) are cylindrical coordinates of the
matching points. Because the Fourier harmonics do not
depend on the ¢-angle, the linear system corresponding to
vertical electric or magnetic dipoles for both polarizations can
be written as

Bip_i=q_,
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where matrix B_; has twice smaller dimension 2Lx

(N"+ N3, the right-hand side vector has the length of 2L

and the vector of amplitudes has the length of (N]* +NZJ').
Then for P-polarization we have

eP, () =T3ljeccos a1 (ka psin )
+ Bsin6,Jo(k, p sinf,)lexp{—jkazcos6,}
h 1 (1) =jT5n5]1 (ko psinOz)exp{—jkazcos by},

And for S-polarization:

€ 1,,(M = —jT5]1(kap sin6)exp{—jkazcos 0},

h’ () = —T5ny[joecos Ox)1 (ko psindy)
+ fBsin0,]o(ky p sin0,)lexp{—jk2zcos0,}.

As the DSM is a direct method it allows solving the
scattering problem for the entire set of the incident angles
0o and both polarizations (P and S) at once. Besides, the
numerical scheme provides an opportunity to control the
convergence of the approximate solution by the posterior
error estimation [20].

After the amplitudes of the DS have been determined, one
can compute the far field pattern F(0,¢) of the scattered field,
which is determined in the upper Q={0°<0<90°0°
<@ <360°} or lower Q={90°<0<180°0°< ¢ <360}
parts of the unite semi-sphere and is given by

exp{ Jkor}

E(1r)/|E°(z=0)| = F(0,0)+0(%) z>0,r-00,

Here
F(0,p) =Fj ey +Fe,.

By asymptotical estimation of the Weyl-Sommerfeld
integrals involved in (5) the representation of the ele-
ments of the far field pattern takes the form of a finite
linear combination of elementary functions [20]

M N2,
Fb 50/ 0.0)=jk >~ (ko2 sin6)™ cos(m+1yp > {an [g"(o 2 cos 0

m=0 n=1

e(0,2) Ho2 > p—n,2
+jko,2 Sin? Of 1y ] ,,/Eqﬁ;ﬁg,;‘m )}

—jksin@ Z r2Pgh0:2),

n=1

M Ny
F§ (0, 0) = —jk > (ko2 sin0)™sin(m+1)¢p x > {pﬁnﬁgﬁ‘ﬁ 2

m=20 n=1
h(0,2)
Wozq%nl;[gz(rgz)cosg_ukozsm Of m ]}
an

For S-polarized external excitation the components of
the far field pattern components accept the form

M
F§ 20)0.0) =jk Z (jko.2 sin0)™ sin(m+ 1)

m=0

N2
= (0,2 /
Z {pnm [gzﬁ 2)6059"'.]k0251n anm )} Mozq%nig%g 2)}'

n=1

= n=1

F29)(0,0) = jk Z (ko2 sin0)™cos(m+1)¢ Z {Pﬁ;ﬁgﬁ‘rg -

_ [Hoz qzs {gﬁ‘,ﬂ”cos@ﬂkozsm Hfh(oz)]}

€0,2
+jky /'uozsmé) Z r25ge02), (12)
n=1
here {p%S g% P9 2Py gre the Fourier harmonics of the

DS amplitudes corresponding to P/S polarizations and the
associating spectral functions g% ... can be written as

221 (0) = exp{jkzq cos 0) +jk, cos Oexpijk,d cos )AL (ky sin6,z,),

fa

[ h(z)(()) = jka cos O exp{jkydcos 0}BS"* (ka sin0,zy).

g210(0) = jko cos OAL (ko sin0,zy),

fi:q(o)(ﬁ) = jko cos OB~ (ko sin0,zy,).

Hence, after the unknown amplitudes of the DS are
determined, the far field patterns for P and S-polarized
excitation are represented as the finite linear combina-
tions of elementary functions. This circumstance ensures
fast and effective computer analysis of scattering char-
acteristics in the far zone.

4. Results and discussion

In this section we present some computer simulation
results for the conversion of evanescent waves into the
scattered ones by a particle deposited above a metal-
filmed glass prism. We consider the Differential Scattering
Cross-Section (DSC), which is given by

DSCE5(00.0.0) = |FE5 0000 -+ \ng(@woeqo) (13)

Here the components of the far field pattern are given
by (11)-(12). The dimension ofDSCSl is um? units. In this
part we also examine the objective response as a function
of height of the particle above the surface. It represents
the integrated intensity scattered into the prescribed solid
angle Q

ohS(00) = / DSCE3(00,0,0) dov, (14)

where Q corresponds to the numerical aperture of the
objective lens. The integral response is used to evaluate
the scattered intensity captured by the objective lens [15].

Let us consider a P or S-polarized plane wave with a
wavelength of 1=658 nm. The prism is made of
N-LASF46A glass with a refractive index for this wave-
length of np=1.8951. We consider polystyrene latex (PSL)
particles with a refractive index n;=1.59 and diameters of
D=300 nm, 600 nm and 1.2 pum, which are deposited in
water with n,=1.3306 on a gold film with n,;=0.1425-
3.6821j of thickness d=51 nm. The refractive indices were
taken from [22]. The deposition of the gold film on the
prism surface enables to increase the penetration depth
(up to 720nm) and a light reflectivity [6]. The critical
angle for this system at which the evanescent waves
appear is 44.6°. Scattered fields are captured by objectives
with a collecting angle of 30°. For technical reasons, the
collector situated beneath the prism has a central cut of 5°
to avoid the specular beam.
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In this particular case it is easy to estimate that PR
related to the minimum value of the reflection coefficient
for P-polarized excitation has the form

1P 1P, exp{—2jk; cos 0, d}

Rf2(00) = '
02( o) 1+rg]r11’2exp{_2jk1 C0591d}

15

which corresponds to the incident angle 0,=48.96°. Here
ro1,12 are the reflection coefficients from the boundaries
Y0,21 and 0, is the angle of refraction into the film. The
behavior of the reflection coefficient (15) can be observed
in Fig. 3.

In the following figures the results of computer simu-
lation analysis are presented. The incident angle
00=48.96° has been chosen to reduce the plane wave
reflection in the specular direction. In Fig. 4 the objective
response oSé versus particle-film distance h is presented
for PSL particle of D=300 nm for both polarization of the
incident light and for two positions of the collector: above
(conventional TIRM scheme) and beneath the prism. From
the behavior of the curves one can see that the intensity
of P-polarized light is several orders higher than for the
S-polarized one. Another observation is that both curves

Water - Au film d=51nm, on N-LASF46A glass, A~=658nm.

100 —— S
L
1071
PN
a
f 1072
10°3 ‘ Reflection coefficient
10
44 46 48 50 52 54

Incident angle (deg)

Fig. 3. Reflection coefficient (15) from prism-film interface for
P-polarized plane wave in water versus the incident angle 0,.

PSL sphere n=1.59, D=0.3um, incidence 48.96°,

P-pol, A=658nm.
2 o | ——above, P|.
10 \m above, S
NE 103 —O—beneath, P|
£ :OWQ —o—beneath, S
o 104 Oy I
% M\O\Oﬁ%o—ﬂ_
2 10° el
o
q) T —
=
£ \
2, SO O =
8 ST ~O~0. "
10-8 OO0 ]H?ﬁf
0.00 0.15 0.30 0.45 0.60

Particle height, um

Fig. 4. Integrated intensity (14) versus particle height for PSL particle of
D=0.3 pm for two collectors depositions and P and S polarizations of the
incident light.

for the collector deposition above the prism demonstrate
pronounced oscillations. At some points of those curves
the value of of seems to be the same at different heights.
The last circumstance faces the problem of precise deter-
mination of particle-film distance from the measured
data without additional information. Similar oscillations
have been detected in [23]. At the same time both curves
for the collector deposited beneath the prism have
strongly monotonic decrease and allow the single-valued
determination of the particle position above the film from
the measured response. To verify our observation in
Figs. 5 and 6 similar results are shown for particles of
D=600 nm and D=1.2 um respectively. The results are in
good agreement with those for smaller particle, presented
above. For the collector deposited in the upper half-space
both P and S-polarized curves demonstrate oscillations or
flat plateaus, while both curves for the collector beneath
the prism are monotonic.

Now we try to explain these results by analyzing the
behavior of the DSC in the incidence plane. For these
investigations we take the particle of D=600 nm and two
particle-film distances where ¥ reaches close values. The

PSL sphere n=1.59, D=0.6um, incidence 48.96 °

P-pol, 2=658nm.
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Fig. 5. Integrated intensity for PSL particle of D=0.6 um for two

collectors depositions and P and S polarizations of the incident light.

PSL sphere n=1.59, D=1.2um,
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Fig. 6. Integrated intensity for PSL particle of D=1.2 um for two
collectors depositions and P and S polarizations of the incident light.
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results for the DSC distribution are presented in Fig. 7.
Here the range of observation angles 90° <0 <270°
belongs to the lower semi-plane (glass) and the ranges
of 0°<0<90° and 270°<0<360° belong to the
upper semi-plane (water).

From the figures one can see that the maximum of
intensity in the prism domain is directed towards the
specular direction at 8 ~ 135° and the maximum in the
upper semi-plane is directed far from the upper collector.
In Figs. 7 and 8 the heights were chosen so, that the values
of the responses for both heights of the upper collector
were almost identical. From the results presented above
one can see that, regardless the fact that in the

PSL D = 600nm, P-polarized, » = 658nm

—— h=160nm
e h=310pm i

300

90

240 <SS 120

180

Fig. 7. Scattered intensity in the incidence plane for the particle of
D=0.6 um for different particle-film distances h, P-polarization.

PSL D=1200nm, P-polarized, A=658nm

180

Fig. 8. Scattered intensity in the incidence plane for the particle of
D=1.2 pm for different particle-film distances h, P-polarization.

upper semi-plane the intensity values of both curves are
nearly the same (at the range from —30° to +30°), it the
lower semi-plane, both values near the specular direction
clearly differ. Due to this circumstance the determination
of the particle-film distance from observations of the
intensity beneath the prism should be much easier in
contrast to the conventional observations in the upper
domain. The same situation occurs for the particles of the
other refractive index (melanine as an example).

5. Conclusion

In this paper we have analyzed the scattering of the
polarized light by a particle deposited above the filmed
surface for TIRM applications. The simulation results based
on the DSM computer model have been presented and
discussed. The results have demonstrated that the intensity
of P-polarized light exceeds the S-polarized one by several
orders. In connection with this we would like to point out
that E, does not exist in S-polarized field. Besides, computer
simulation showed that the response in the prism domain
mostly exceeds the response in the water domain. Addition-
ally, the behavior of the collector response beneath the prism
demonstrates monotonic exponential decay versus particle
height that enables easier determination of the particle-film
distance, while the response measured above the film does
not allow a single-valued determination of the particle-film
distance. From this analysis, we conclude that the alternative
TIRM scheme with collector deposited beneath the prism
gives considerable advantages compared to the conventional
one. This circumstance should be taken into account while
setting up new TIRM designs.
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