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TIR, Fish Vision and Diamonds Brilliance

The fish sees the sky if it looks upwards but seem the bottom of the
bond if it looks at angle larger than 48.8 degs.

Question: explain the brilliance of diamond in air knowing that for
diamond n=2.42 and explain why it is less shiny when it is in water?




Can we do Sensing using TIR?
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Example: BK7 prism and
water analyte:
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~1.38rad/RIU =78.97deg/ RIU

High sensitivity and sharp
response Curve!




Evanescent Wave Sensors

The sensing is performed by the evanescent tail of the modal field in the cover medium.
This sensing operation consists of measuring the change of the effective index of a

propagating mode when a change of the refractive index takes place in the waveguide
cover. Or due to absorption!
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Evanescent wave sensor configurations
Wave guide geometries

Grating coupled WG Sensor

Prism coupled WG Sensor
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Evanescent wave sensor configurations

Plasmonic sensors

GW Resonance
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The importance of the Penetration Depth




Analytical Approach towards Evanescent Field Sensing

€= r EVW Evanescent field
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Confinement region

Substrate

Assuming a particle is added to the analyte, it
creates a variation in the dielectric function:

reV.

int

otherwise

The wave vector will change by: gk = kf — ki and the field Ejto Ef




Evanescent Field Sensing

1st Order Perturbation approach

Wave equation before the perturbation: VXVXE; = ki28Ei

The wave equation after the particle is added:  yxVxE ¢ = k% (e+8¢)E

Multiplying by E;° and integrating over the entire volume and subtracting yields:

(k/ —kf)jEf L dr =k? jEi*.agEfdr
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) Up to the first order in: 8K

The shift in the wave vector is equal to the overlap integral normalized by
the mode energy integral.Sensing in the evanescence region!




Main Parameters Affecting the Sensitivity

55E-*.E dr
i_&]eff :&z_lvij.nt B

ki i A 2 jeE,*E,dr
Vv

V4 \
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Sensors geometry, nano- Evanescence region,
structures, localization, band lateral propagation
gaps, material parameters length, porosity




Absorption

When the refractive index is complex: N = Ny £ 1K
K -The extinction coefficient !. The sign depends on the choice: etikz
The relation to real and imaginary parts of the dielectric function:

& =n*—k*and ¢ =2nk

Aplane wave will be decaying as:  E(z) = exp(ikgnyz) exp (—koxz)

The intensity is decaying as: |E|2 = exp(—2koxz)

a =2k,x =4k

Ao

The absorption coefficient is defined as:
I  — NG ) — d
0 E 0&xp(-ad) If we ignore reflections at the boundaries!
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Dispersion - Rainbow
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Dispersion — Lorentz Model

Oscillating bound electron model (Lorentz model):

m(r(t) + 7 (t) + wpr (t) )= —q.E. (t)

/A |

restoring applied
force force

E (r,t)=~E(r,t)+ Ab(r, ) and P(r,t) = Nz, = —Ng,r(t)

- .

Mossotti (1850) equation (CGS) Depolarization field




Dispersion — cont’

B) + (1) + (f — 2NGeyp - O p
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Use: P(t) ccexp(iat) and: D =¢E = E + 47P (CGS)

To get: b*

c(w)~1+— S
W, — @ —1y®

Where:

Resonance frequency is shifted by frequency of
_ 2 2
Wy, = \/a)o — @, = oscillating dipoles

@' =b’/3=47Nq’ /3m,




Dispersion — cont’

Imaginary or Real Parts

Real and Imaginary parts of dielectric function for
b=4.472x10'%, W(=4x10'®, d=0.28x10'° rads/sec

=== Real part of dielectric
function

= Imaginary part of
dielectric function

4

Frequency (in units of 10 rads/s)




Rl Dispersion in Glasses

Glasses are usually transparent in order to be used for imaging, hence their
refractive indices are real and follow one of the following formulae:

Cauchy: n(A)=n_ + ? + % +..

BAZ BA B
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Sellmeier: n(A) = \/1
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+
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Refractive index »n
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For BKY:

Coefficient Value
1.03961212
0.231792344
1.01046945
6.00069867x1073 um?
2.00179144%1072 um?
1.03560653x102 pum?

See one of the useful websites:

http://refractiveindex.info/



http://refractiveindex.info/

Dispersion of Free Carriers

In space with free charge carriers such as free electrons in metals or ions in the ionosphere no
restoring force and no damping hence the equation we derived for the oscillating dipole
becomes:
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Where the plasma frequency: w2 = 47Nq? /m.=b% (CGS)
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Dispersion of free Carriers— cont’

: : b’
From the relation for bound electrons: g(w) ~ 1+ -
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Substitute g, =0 for free carriers to get:
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Drude Term
Which is the same function obtained without damping
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Dispersion of Metals

Wy

fio;

Better described by a combination of Drude term and two oscillators:
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Fit for Aluminum
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Measurements are based on spectroscopic ellipsometry of Sopra  (http://www.sopra-sa.com/)



http://www.sopra-sa.com/

Summary

Analytical approach for evanescent wave-based sensing was introduced
and the factors affecting performance were discussed.

Dispersion characteristics of metals were discussed and Drude model was
achieved.
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