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Figure 2-27 The variation of different types of polarization with time under a step-function electric field F.
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Coeficiente de Extincion

LARLLY | LR |

vibrational bands electronic transitions Si0, glass

[

Refractive index
refractive index, n

—_—
a—

'IIII1.II|IIIIII.III'

ul ol Ll p ol sl ot 1

(b)

S

Absorption

Extinction coefficient, x

infrared  visible ultraviolet X-ray

I I | | | | |
IUII IUIZ lnlS IUH 10]5 lﬂlﬁ 1[]]7 lﬂls 1012 101 . 1015 106 1017
Frequency (Hz) Frequency (Hz)

Caracterizacién Optica, Ricardo Marotti, khamul @fing.edu.uy, Montevideo, Abril 2015



Propiedades Opticas

Materiales Transparentes
(En Semicond: Caso hv < Eg):

> e

Velocidad de la luz :
v - en el medio,

¢ - enel vacio,

k= ZLL — Nimero de Onda (k = mi)
- : : X A N
E Elexp[l(kx—at)]=exp i) nN—-—t 2 .
C W=2TV = — = Frecuencia Optica
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Interfaz Plana 1 - 2

Materiales Transparentes m ="2 _, Relacién entre indices de Refraccién.
(En Semicond: Caso hv < Eg):

m—l2

m+1

Incidencia Normal : R = ‘

Idealmente :7 + R =1
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Propiedades Opticas

Materiales Transparentes
(En Semicond: Caso hv < Eg):

> e
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Incidencia Oblicua:
>ficientes

Reflectance 1.0
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Fig. 1.6 Reflectance as a function of angle of incidence for light polarized parallel (
and perpendicular (L) to the plane of incidence incident on the interface from (a) the |{

optically dense side and (b) the more optically dense side. ANGLE OF INCIDENCE
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Propiedades Opticas

Materiales NO Transparente,

Absorcion de Luz (En Semicond: Caso hv > E,):

n.=ntiq

n= Re(/]c) — Indice de refraccion,
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Coeficiente de Absorcion

L
2

—

d
IUE =1,,=1, exp(—Zay—)
c

n= Re(/]c) — Indice de refraccion,

qg= Im( c) - coeficiente de extincion,

2 . .
a= = - coeficiente de absorcion

Cc
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Espectroscopia de Absorcion
Medida por Transmitancia

I

Transmitancia: 1 = aul

I.

in

Coeficiente de Absorcion: O L1 —InT
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Transmision Optica

Fuente
Optica
(Lampara)

Muestra |[o2o

Sistema de
Detectores Adquisicion de Datos

Monocromador
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cion Optica - 1

Monochromator
Control
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Caracterizacion Optica - 1

Xe lamp
P = 1000 W
A ~260 -2400 nm
(Flat ~ 300 — 800 nm) A

ik

Monochromator
Control

GRAT[N %
5 OUTPUT

r" w

77250 1/8 m Monochromator with 6025 Hg(Ar) Spectral
Calibration Lamp.
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Red de Difraccion

s WHITE LIGHT

---------"'L m=0
A SHORTEST WAVELENGTH

TRANSMITTED. (~180 nm
m=-1 FOR MOST SYSTEMS.)

SUBSTRATE\

Q—INCREASING WAVELENGTHS
- 360 nm, 1st ORDER
2 AND

\ 180 nm, 2nd ORDER
ORDERS OVERLAP, UNLESS A
SHORT WAVE CUT-OFF FILTER
IS INSERTED IN BEAM

MONOCHROMATIC
LIGHT
aSIND GRATING
NORMAL
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Caracterizacion Optica - 1

Xe lamp
Peect = 1000 W F#= f = 1
A ~ 260 — 2400 nm D 2NA

Chopper F #: Numero F,

L= . = f : Distancia Focal,
Optics D : Diametro Lente,

(Flat ~ 300 — 800 nm)

)

OUTPUT
PORT

Fosing

Grating Lens

i
3,
Entrance Slit L
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(
aracterizjniere:
L b | Usando Fotodiodo:

—” Sin linealizar /
1E15 Sin linealizar
Xe lamp || . Linealizado
| P -1 n‘m W Il 1€t \II Linealizado

Lampara de Xenon
Usando Fotodiodo: VTP1113
Usando Fotodiodo: FFD100
Usando Fotomult: 77341

Voltaje (V)
2

600
Longitud de Onda (nm)

=)

Voltaje (mV)

AavA PN,

200 300 400 500 600 700 800 900 1000
Longitud de Ond

S,
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Respuesta Fotodiodos
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Caracterizacion Optica -

5/6 slot hlade

(4.04" diameter) Aperture 0.124"
(25-slat)

25/30 slot blade
(4.04" diameter)
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RUIDO: Fuentes de Ruido

Frequency (Hz)
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RUIDO: Modulacion

Signal
PMT  Amp Detection

PR

Bias

Modulation
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RUIDO:
Deteccion Sensible a la Fase

Vpsd = VsigVLsin(@ft * Bgjg)sin(@p t + Oygf)

Reference H

= 12 VsigVLcos([ﬁJr -oJt+ Osig - Oref) -
1/2 VsigVLCOS([mr % [!JL]t + E}Slg + GFEf)
Jesig

Signal /~ ™\ | Tomando la
\_/ | componente
de continua,

sl W, =Wy

= 12 VgigVLcos(Osig - Oref)
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RUIDO:
Deteccion Sensible a la Fase

Signal In Signal In

Reference : Reference

(internally | ., (internally
generated) : j | ; generated)

Demodulator
Output ! . ! +  Demodulator

: ! ' Qutput
mean level +ve | \
mean level zero
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Xe lamp
Peeet = 1000 W
A ~260 -2400 nm
(Flat ~ 300 — 800 nm)

Monochromator
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RUIDO: Deteccion Lock-In

MIXER (P.S.D.)

OUTPUT
SIGNAL
INPUT

INPUT BANDPASS LOW PASS OUTPUT
AMPLIFIER FILTER FILTER AMPLIFIER

PHASE SHIFTER

REFERENCE
TRIGGER

Reseva dinamica: Ganancia de los amplificadores se ajusta
segun nivel de ruido de la senal:

Ej. High Reserve: se usa cuando hay mucho ruido. Ganancia
del amplificador de entrada es chica para que el ruido no sature
el sistema.
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SIGNAL
INPUT

INPUT BANDPASS
AMPLIFIER FILTER

PHASE SHIFTER

REFERENCE

INPUT O

Lock-In vs FRA
(Frequency Response Analyzer

Figure 6. Simplified Schematic of a Frequency Response Analyz

__

» Effectively removes back-
ground noise

»  Minimizes harmonic distor-
tion

»  Effectively suppresses
dc noise

»  Relatively low cost

Disadvantages

» Limited frequency range

*w  Slower

» Standalone measurements
diffieult

Wide frequency range
Removes harmonic distor-
tion and de components
» Direct output to an external
recording device
Relatively easy standalone
measurements

Disadvantages

* Higher cost

* Limited background noise
rernoval

b Limited sensitivity
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Caracterizacion Optica - 1

Control Arm

Monochromator
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Transmitancia:
Substrato Transparente

Transmitancia total: 7'

total ~—

Transmitancia substrato: T

subst

T. =
Transmitancia del film: ~ /"
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Transmitancia:
Substrato Transparente

Reflectividad: R

(1 — R)2 exp(— od )

= 1- R’ exp(— ZO(d)

R<0.3
T =(1—R)2exp(—0(d
=al-InT
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Transmitancia:
Substrato Transparente

Reflectividad: R

(1 — R)2 exp(— od )

= 1- R’ exp(— ZO(d)

R<0.3
T =(1—R)2exp(—0(d
=al-InT
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Transmitancia:
Substrato Transparente

(a) Appl. Phys. Lett. 88, 162115 (2006)
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Substrato Opaco
e Un método:
R= I(')ut I’ll’l
Reflectancia: I >
a(mv) 01 Ko =Ko I ,ou/

Rw)-R,,,

e Mas ““facil’’:

A - Longitud de Onda
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Substrato Opaco

« Un método: ‘
I.
in
Reflectancia: >

a(mv) 01 Mj I ,ou/

hv)—R .
RI)-R.. A > Longitud de Onda
* Mas “facil”: A= hc/E,
Gap Directo Gap Indirecto

d
d_f()\g)_’ «© Z_f()\g)_’ 0
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Reflectancia Difusa

|
D R S = muestra

substrato

1 — T substratoR

T = (1 - r)2 exp(— ad )

C1-p? exp(— Zad)

Rz{u(l-r)z exp(-m)} 4

1-r? exp(— 2ad )

exp|2a\hv )d|{U fADRS\hV ),r,r,

ubstrato
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Esfera Integradora
Para medida de Irradiancia (LEDs):
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Esfera Integradora
Para medida de Reflectancia Difusa o Total:

Muestra
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Esfera Integradora
Para medida de Reflectancia Difusa o Total:

Muestra Trampa abierta:

Se excluye reflexion
Detector “especular” (Iexc)'

Trampa cerrada:

Se incluye reflexion
“especular” (1, .).

““Glossines”

Fuente - ‘
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Esfera Integradora

Para medida de Reflectancia Difusa o Total:

Muestra

Fuente - ‘

I.. es una medida de

reflextancia ‘“‘difusa’’.
Detector

I .. misma medida en “blanco”

de referencia.

F = Funcion de Kubelka-
Munk.

a

— —

el O: dispersion.

O: absorcion.
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Caracterizacion Optica - I1

Detalles del
Montaje
Experimental
para Estudio
de Emision
de Luz.

Xe lamp
Pejece = 1000 W Optics
A ~260 - 2400 nm +

(Flat ~ 300 - 800 nm) shutter - %00 300 400 500 600 700

@503&
— =

Monochromator

Control

Spectrometer
00 S2000

‘ 'i H(\)

)\exc -
250 - 350 nm

Sample:
Zn0O

RN

Short Pass
Filter

300 350 400 450 500

Acut-otf =

385 nm

Long Pass
Filter

300 350 400 450 500

)\cut-on =

385 nm
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Espectrometro o Espectrografo
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FTIR: Fourier Transform
Infrared Spectroscopy.

V)|1+ cos(2T|\7p)
1 (\7) :Espectro Fuente (a medir).

Light source

Aperture .. )
Moving mirror p :Posicion Interferometro.

Pntfjrlgg}ator BS
Senal en el detector :
Fixed 0

i 1(p)= [ a9 1(0)[1 + cos(2rp)] =

0

= 1,+-0(1(%))

Il L Sealing case
KRS-5 window

Sample
position

‘%’7:': 5] :ﬂ Condensing D(I (" )) : Transformada de Fourier.

o | mirror

Detector || I I(~) =20" (I(P) - Io)
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