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A

Relations between angles in a isosceles
prism

Figure A.1: Light beam impinges on prism. The characteristic angle of prism is alpha

Considering the triangle ACD, we have

0, + (180 — O,4) + B = 180, (1)
0, = 0, — . (2)

At the interface(Point A), we have

and from Snell’s law, considering a ray of light moving from air to prism,
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with (ny = 1, n, =refractive index of prism)

sin an

Sin 0y =ny, = 0;n, = arcsin (n,sinf,y) . (4)

By the use of (1), (3) and (4) we obtain
0, = Oy + 6,5 — arcsin (n,sinb,) . (5)

The line AB is perpendicular to the line EA, and the line EC is
perpendicular to the line BC, then the angle ABV is a. So, in the triangle
ABC

O + Op + 180 — a = 180 = Opr = oo — 0,4, (6)
and the angle 6, is given by equation
6, = o — arcsin (ng sin (o — 6,)) . (7)

From the last equation, and using the relation (4), the relation between

0;, and 6, is given by

The relation between 6,; and 6, is obtained inverting equation (7),

0,+ = o — arcsin (i sin (a — Hx)> : (9)

no

A.1 Correction factor for the reflections of the
beams at air/prism interfaces
From the Fresnel equations [Jackson99], for TM polarization the trans-

mission coefficient from air to prism

2sin 0, ¢ cos Oy,
$in(Oin + 0,¢) cos(Oin, — b,5)’

tA,p = (10)

and from the prism to air is

2sin 0y, cos 0,5
sin(0rr + 0in) cos(0,5 — b))’

(11)

tpa=

where 0;,, 0,5 are the incident and refracted angle respectively. The
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fraction of the incident intensity that is transmitted when light enters a
dieletric of refractive index n is not given directly by the square of the relative
amplitude. The total energy flux in the refracted beam is its intensity times
its area, and the latter differs from that of the incident or reflected beams in
the ratio cos 6,/ cos6;, [Jenkins01]. The conservation of energy is given by

cos 0,

r*+n =1 (12)

cos 0;
In our case is necessary consider two cases: light propagates from air to
prism (case 1) and light propagates from prism to air (case II). For the first

case

0,
P = PAIE (13)

" cos 0,y

for the second case

PP cos by,
pA = —ou th 4 (14)

out —
n, cost,¢

In equations (13), (14) P# is the power measured in the air and PP is the
power inside the prism, as sketched in figure A.1. Applying equations (10) and
(12) to the relations (13) (14), the incident power inside the prism is described
by

.2
oo 48in® O,.¢ 5 cos® O, 08 Oy f pr (15)
sin“(bref + 0in) c08%(0in, — brep) | cos iy,
while the power detected by the home-made detector is
pA [ _ 4 sin 0, cos? O, s } cos 0;, Py (16)
Ny SIN"(Orer + Oin) cO82(Orep — Oir,) | €COSOrey

/P! whereas

mr

The actual reflectivity inside the prism is R 4, defined as P?,
and the reflectivity measured directly in the laboratory is Rj;, defined as

PA, /P2, The relation between the reflectivities is

R sin®(Opes + 0in) cos*(0in — Orey)
4T sin?(26,.) sin?(26;,,)

Ry (17)
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B
Text of the Program for the Two-
(Substrates, Colors, Media) Method

This program was developed in Mathematica 8.0. It is assumed a system
of four layers (prism, metal, dielectric (Algs) and solvent (or air)). The first
part is to define the characteristics of the system. The angles are obtained

from Winspall.

The definition of the system

ClearSystemCache[]
Clear["Global "]
ClearAll[lambdal, lambda2, erl, erli, er2, er2i, e4l,
ed42, deltakl, deltak2, al, a2, kx0, Kxlc, Kx2c] (*kxlc+kx2cx)

(- *)

(* 1 Prism *)

(- - ——_——_———————————————— *)

(* 2 Metal -er+ier %) (*] 1s the imaginary parts)
(- —————————————————————————_ *)

(* 3- Dielectric e3 *)
(- *)

(* 4- Dielectric= ailr, water, solvent= ed *)

(- - ——_——_———————————————— *)

(*Triangular prism. alpha i1s the characteristic anglesx)
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Parameters of the first measurement

(#*Samplelx) (*Silvers=)

(*Ressonance conditionss)

alphalmetal := 44.994 Degree (* Prism angle for the case without dielectrics)
(#*Just need to change the number, don"t delete the word Degreesx)

thetaxlmetal := 38.6714 Degree (*ressonance angle,
SP without dielectric,thetax from winspallsx)
alphalalg3 := 45.0655 Degree (# Prism angle for the case with dielectricsx)

thetaxlalg3 := 44.454 Degree (*ressonance angle,
SP with dielectric ,thetax from winspallsx)

lambdal := 632.8 (#*Wavelenght of the laser used on samplelx)
erl := 17.24 (* absolute value of real part
of metal dielectric function of sample 1 at lambda 1%)
erli :=0.70 (* imaginary part of metal
dielectric function of sample 1 at lambda 1x)
e4l :=1 (#*Dielectrio function of medium 4=x)
nl :=1.574 (*Refractive index of the prism at Lambdalsx)
21 = (*# Parameter used to shift the dielectric function

when lambdal 1s different of lambda 2+%)
(*use it just when you have two wavelenghts or two thickness.
It is related with difference between dilelectric fuctilonsw)

Parameters of the second measurement

(#*Sample2#) (*Golds)
(#*Ressonance conditionss)
alpha2metal := 44.952 Degree
(#* Prism angle for the case without dielectrics)
(#Just need to change the number,
don“t delete the word Degreesx)
thetax2metal := 39.95 Degree (sressonance angle, SP without dielectrie,
thetax from winspallsx)

alphaZalg3 := 44.891 Degree (# Prism angle for the case with dielectrics)
thetax2alg3 := 48.0553 Degree (#ressonance angle, SP with dielectrie,

thetax from winspalls)
lambda2 := 632.8 (# absolute value of real part

of metal dielectric function of sample 2 at lambda 2x)
er2 = 11.76 (#* lambda2 Angstroms)
ar2i = 1.57
(* 1maginary part of metal dielectric function of sample 2 at lambda 2«)
ed? :=1 (#+ Dielectric function of medium 4 at lambdaZs)
n2 := 1.574 (*Refractive index of the prism at Lambdalsx)
a2:==0 (* Parameter used to shift the dielectric function
when lambdal 1s different of lambda 2#)
(*use it just when you have two wavelenghts or two thickness.
It 1s related with difference between dielectric fuctionss)
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Definition of the functions [Pockrand7§]

(#Punctions=)

(#the angle of incidence on metal =)
(#thetapt =)
Sin[alpha - thetax]

thetapt [alpha , n , thetax ] := alpha- Arcsin[

]

2%*Pl+ns+Sin[thetapt [alpha, n, thetax]]

n
(#the wavector =)

kx[alpha , n_, thetax , lambda ] :=
lambda

(#Difference in the wavector due dielectric layer 1in samplels)
deltakl := kx[alphalalq3, nl, thetaxlalg3, lambdal] -
kx[alphalmetal, nl, thetaxlmetal, lambdal]
(*Difference in the wavector due dielectric layer in samplels)
deltak2 := kx[alpha2alqg3, n2, thetax2alg3, lambda2] -
kx[alpha2metal, n2, thetax2metal, lambda2]

(#*This equations are presented in a paper by Pockrand in 78z)

(#*SPR condition. Metal and 4 layers)

2%Pi (-er+erl +I) xed\2/2
kx0[lambda , er , erl , ed4 ] := [ * [ ]

lambda
(*First order term of the shift of the wavevectorsx)
2#%DP1 2 {(e3 +a) - o4
* *
lambda
2

(-er+erl +I) + ed

Kxlc[lambda , er , e3_, d3_, a , ed ] :=d3«

(e3 +a)

(e3 +a) +er 2

-ar xed
[ * (er x ed)

-ar + ed ed + er

(#*Second order term of the shift of the wavevectors)

Ex2c[lambda , er , erl , e3_, d3_, a_, e4_] := Exlc[lambda, er, e3, d3, a, e4] »
Exlc[lambda, er, e3, d3, a, ed] [ 2xe4?- (e3+a)? —er+eé] I*eri]
* (2 % +

+

2 * Re[kx0[lambda, er, eri, ed4]] ed x (ed - (e3 +a)) -ed 2 % er
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Generating graphics

(#Graphics: You can change the interval for d3, e3x)
(*Exlcs)
ContourPlot[{ Kxlc[lambdal, erl, e3, d3, al, e41] == deltakl,
Kxlc[lambda2, er2, e3, d3, a2, e42] == deltak2
} , {43, 29, 40}, {e3, 2.5, 4.5}, WorkingPrecision -» MachinePrecision,
Contourstyle - {Red, Black }, FrameLabel - { {€aig3, ""}, {daigs "(nm)", "Kxjc"}},
Labelstyle - Directive[22]]

(*Kx1lc+Kx2c*)
ContourPlot[{ Kxlc[lambdal, erl, e3, d3, al, e4l] +
Re[Kx2c[lambdal, erl, erli, e3, d3, al, e4l1]] == deltakl,
Kxlc[lambda2, er2, e3, d3, a2, e42] +
Re[Kx2c[lambda2, er2, er2i, e3, d3, a2, e42]] = deltak2

} ., {d3, 18, 30}, {e3, 2.3, 4.5}, WorkingPrecision - MachinePrecision,
Contourstyle - {Red, Black},
FrameLabel - { {enqg, ""]-, {dnlqg " (nm) ", 'Kx1c+Kx2c"]-},

Labelstyle - Directive[22] ]

(xGreen, Red-Silver, Red Black- Goldx)

Using the first order term in the approximation. Curves obtained with
the mean values of the dielectrics function of Silver and Gold as a reported in
table V.5.

Kx;c

A5k ‘ ‘ . 1

4.0F 1

235 -
W

3.0r 1

251 ‘ ‘ ‘ ‘ . ]

30 32 34 36 38 40

(nm) daq

Using the second order term in the approximation Curves obtained with
the mean values of the dielectrics function of Silver and Gold as a reported in
table V.5. The intersection point is (23.03 nm, 3.214 )
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Kxjc+Kxsc

€Alg3

18 20 22 24 26 28 30

(nm) da13
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