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Intensity Interrogation
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Phase Interrogation
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N-Layer Model (Simulating a multilayer structure)
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Relation between U &V Apply boundary conditions for Electric (U)
: and magnetic (V=B/u) field
V= [ZnkxU gnetic (V=B/L)
Hy

Interface 1

U1:Ui +Ur :Ut +Ur

1 1 1 2

By - Vi= \/Z_T(Uil -U, )nl COsS ‘9/'1 = ] (Utl - Ulrz )nz Cos ‘9/2
1

Hy

Interface 2

S U,=U, +U,, =U,

V, = ut (Uiz -U, )nz Cos 0/2 = iUtzna COsS 9t2
V H, V H,




Phase Shift in traversing a film of thickness d,
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Field equations at boundary 2
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After simplification, we get

U =U,cos B, —V,(isinf,)/q,

V1 = Uzqz(_iSinﬂz)'l_Vz(COSﬂz)

. 1/2
(52 —n; sin’ (9,1)

&

q, =

In matrix form

Up| | cosp, (=ising)/a, || U,
V - —ig, sin f3, cos f3, V; "




Electric and magnetic fields at the first boundary Z = Z, are related to those at the final

U,.; and V, _, are the corresponding fields at the boundary of N-1t"and N layers

Aot M, M

I I 11 12
M= o {M M }

k=2 21 22

* kisthe number of layers amongst 15t and Nt layer
* There are N-1 interfaces




Generalized Matrix for any (kth) layer o cosf,  (—ising,)/a
“ —iq,, sin B cos B,

1/2
(ﬂk jl/z (gk —nZ sin® (91)
q,=|— | cosf, =
Ek

Ex

27 2rd _ 1/2
B, =" cosb,(z,—z,,)= 1 k (gk —n; sin® 6’1)

Amplitude Reflection Coefficient for 3-layer structure

e (M11 +M12q3)q1 _(le +M22q3) j Rp — ‘rp ‘2

’ (Mll +M,,q; )q1 + (M21 +M,,q, )




Thin Film Thickness Effect

Airy formula

2 2

ES | |ro +1y e®(2jk,d)

E. 1+rPrPexp(2jk, d)

01 12

Where — = —= 4+ —
Y & &

The dispersion relation o :
(waveguide condition): 1+r,r, exp(2jk,,d)=0




Dispersion Relation

The poles of the reflectivity function give the waveguide modes:

1+rir, exp(2jk, d)=0

01°12

For the symmetric case (g,= €,) it reduces to:
g.k,, +€,k,; tanh(k,,d / 2i)=0
gk, +&,k,coth(k,,d/2i)=0

For thick metal film (large d) we get: 81kzz —l—82kZl =0

V4

2
Which together with: k j £ —k =
] i X




SPR Shift due to Thin Metal Film

When the metal film becomes thin, the dielectric above (glass prism for
example) starts to affect the resonance and causes a shift of the SPR wave-
vector by:

3/2
Re{ Ak, }=Re 2r0’iexp(2jkzld)(2j£ 1% ) ( = j

C

(e, +&,) (e, — &)

Depending on the thickness, the light reflected and the light released by the
plasmons interfere destructively. This will happen at an optimal thickness d at which

they will be totally out of phase. The typical thickness is approximately 50nm.




Optimum Plasmonic Film Thickness
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Summary

1. Intensity and Phase interrogation techniques were discussed.

2. The N-layer model was studied to simulate multilayer optical structures.

3. The optimization of the thickness of thin metal film in Kretschmann
configuration was discussed.
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