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1) O indice de refracao e suas propriedades

2) Técnicas de medida
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Propriedades do indice de refracao

n=n(A) |dispersao decomposicao espectral da luz, GVD
n=n(r) |ndo homogeneidade |trajetdria ndo retilinea %(nj—zj=%
n, #n, anisotropia birrefringéncia, dicroismo se o, # a,

n, # n. meios chirais atividade oOptica

n=n(T) |efeito termo-6ptico |lente térmica

1 =n(E) |etitocletro-optico | nodiadores e . geracdo de novas
n=n(B) |efeito Faraday isoladores Opticos

n=n(l) auto-modulagao de chaves ultra-rapidas

fase - efeito Kerr optico

efeito foto-elastico

moduladores acusto-opticos




2) Técnicas de medida

a)Refracao/reflexao

(1) Método do angulo de desvio minimo

1]1'

Tipicamente, para se obter uma incerteza do indice da ordem de 10->, requer-se uma
incerteza angular menor que 1”

Precisao tipica: 104 a 10-°


http://en.wikipedia.org/wiki/File:Light_dispersion_conceptual.gif

Absolute refractive indices and thermal
coefficients of fused silica and calcium fluoride
near 193 nm

Rajeev Gupta, John H. Burnett, Ulf Griesmann, and Matthew Walhout

APPLIED OPTICS / Vol. 37, No. 25 / 1 September 1998
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Table 4. Uncertainty Budget of Refractive-Index Measurements

Index
Source of Uncertainty Value  uncertainty

Apex angle measurement 0.24" 08x10°¢
Wild apectrometer measurement

Temperature uncertainty 0.12°C 1.5 x 10°¢

Deviation measurement uncertainty 1.1" 36x10°°
Gaertner spectrometer measurement

Temperature uncertainty 0.07 °C 1.4 x10°%

Deviation measurement uncertainty 1.9 59 % 10°°
Refractive index of air

Index uncertainty in DUV 0.2x10°°

Barometric pressure variation 70 x 1078

Humidity variation 02x10°8
Combined index uncertainty (1o} 10.1 x 108




Absolute refractive indices and thermal 82T
coefficients of CaF,, SrF,, BaF,, and LiF

S 1561

near 157 nm :
= 1.560

John H. Burnett, Rajeev Gupta, and Ulf Griesmann "E
L 1559

APPLIED OPTICS / Vol. 41, Ne. 13 / 1 May 2002 E
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Table 2. Uncertainty Budget for Refractive-Index Measurement

n(x) = 1.559262
~ 0.002608 x (1 - 157 63094)
+B.3x10% x (5 - 157 63094)°

—
157.0

—— —
157.5 1580
Wavelength {nm)

Source of Uncertainty Value Index Uncertainty

Apex angle A4 (.24 arc sec 0.7 % 107"
Deviation angle D

Visible goniometer deviation measurement uncertainty 1.1 arc sec

Visible goniometer effect of temp., press., hum. uncertainty 0.1 arc sec

UV goniometer deviation measurement uncertainty 1.2 arc sec

Net deviation angle uncertainty 1.62 arc sec 4.9 % 10-°
Wavelength A 0.02 pm 0.1x10°°
Index of N, gas n,,.

Index uncertainty 0.2 x 10-% 0.2 x 10"

Temperature uncertainty 0.05 *C 0.1x 107"

Pressure uncertainty 1 bar 0.3 x 10-°
Material temperature 0.05° 03 x10-"
Correction to 20 °C 0.05 0.6 x 1075
Intrinsic birefringence 1(3) = 10°% 1(3) % 105

Combined uncertainty®

A.1{5.8) = 10"

BATT aa
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I1) Refratometro de Abbe

Numinating
Prism
A 7.
Sample —» L .
Refracting
Prism -fé"
"¢
Light Dark

Precisao tipica: 103 a 104
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111) Refratometro de Pulfrich Preciséao tipica: 104 a 10->
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b) Interferometria

1) Multiplos feixes

1+ Fsen?d




Normalized Fringe Spectrum

High accuracy ultraviolet index of refraction measurements

using a Fourier transform spectrometer o
_ _ 0., =—ht=71m
Rajeev Gupta and Simon G. Kaplan Km
. Res. Natl. Inst. Stand. Technol. L A20-437 (2007 .
J. Res. Natl. Inst. Stand. Technol. 108, 420-437 (2003 A _ 2n(v)t
m
Tm
— IO ~ 2
1(6) — e I() (1 o Fsen 8) Table 1. Uncertainty budget for index of refraction measurement of
1 + FSCII 6 1 mm thick CaF, etalon sample at 193 nm
Uncertainty Source Type  Standard Rel. std
1.10 uncertainty uncertainty in »
(b)’ Thickness measurement (nm) B 6 5.83E-06
105 L0 ¢ ) * ) L I, Angle of incidence (%) B 0.12 2.19E-06
| ,‘" \ :"I Vo I:‘J I"‘. ;"I ‘I"‘. ;"' I"‘ I.‘" \ ;‘I I "w,‘ f ‘ ;" L Beam divergence (°) B 0.15 4.00E-07
:I.‘I \ : Vol ‘." I". | I‘.‘ ;‘I "\ I .‘I I‘.I ,‘I I:I .‘I‘ Vol Temperature (K) B 0.5 5.75E-06
1.00 ]‘_ ‘| .‘I Iﬂ . ,‘I ﬂ ;‘ I‘. ;'I " ‘." "I ‘ ‘ : ‘| .‘I " | ", .L Wavenumber error in UV-FTS (cm_lj B 0.1 1.93E-06
I I" ‘*I L ILI [ I.‘I \ \ ‘;' L \ ." Iﬂ . fl I‘. /] Peak center determination (cm_l} A 0.02 3.86E-07
o Y ) L V] Fringe order B 0 0.00E+00
0.95 N VY A VYV VA VA Y V] Intrinsic birefringence (1 O_éj B 0.34 3.40E-07
I Quadrature Sum 8.72E-06
090 Lo o . .. .. ... ... ... i L . )
192.95 193.00 193.05 Uncertainty in n (k= 1) 1.31E-05

Wavelength (nm)



Refractometer for tracking changes
in the refractive index of air near 780 nm

N. Khélifa, H. Fang, J. Xu, P. Juncar, and M. Himbert

APPLIED OPTICS / Vol. 37, No. 1 / 1 January 1998
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The relative uncertainty of our measurements

reaches the level 2 x 108.



1) Elipsometria

A elipsometria é sensivel a diversas caracteristicas dos materiais, tais
como espessura da camada, constantes Oticas (indice de refracao e
coeficiente da extin¢do), rugosidade da superficie, composicao e

anisotropia otica
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High-accuracy interferometer with a prism pair
for measurement of the absolute refractive

index of glass

Yasuaki Hori,* Akiko Hirai, Kaoru Minoshima, and Hirokazu Matsumoto

10 April 2009 / Vol. 48, No. 11 / APPLIED OPTICS
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Table 1. Uncertainty Budget of the Proposed Method®

Category Factor x; wlxi) af /o, Uncertainty w;

Interferometer ~ Wavelength (633 nm) 3.8 %107 yum g/ Ag 9.1 x 10°°
Wavelength (543 nm) 3.1x1077 ym ngiyfAg? 8.6 x 1077

Phase measurement of interferometer 1  0.16 rad Ap/dnAxg (95 % 10°7) *
Alignment of interferometer 1 2.3 % 10~* rad (rg/6) xu(f)© 1.3 x10°%

Phase measurement of interferometer 2 0.16 rad ngda/drAxy (12 x 10°6) *
Alignment of interferometer 2 4.3 x 10~* rad (rg/6) xu(fy) © 4.7 x 1078
Alignment between prism and stage 0.038 ym (ng-ng)/Axgcosd, 2.5x1077
Abbe’s error (yvawing, pitching) 1.0 x 105 rad n,Ad/ Axy 8.7x 1077
Measurement Repeatability 191x10°%/ V10 1 6.0 x 10°7
Drift 4.3 %107 1 4.3 x 1077
Sample setting negligible 1 negligible
Movement of incident prism 1.9 % 107 ym 1/ Axgy 2.2x 107
Refractive index Temperature measurement of air 20mK n (dn, /dT) 2.8 =108
of air Pressure measurement of air 0.05hPa ng(dn, /dP) 2.0x 108
Sample under Temperature measurement of sample 20mEK dn/dT H.Ex 108
measurement Flatness of sample A/10 gm (n,—ng)/Axgcosd, 4.0x107
Homogeneity of sample 5.8 x10-7 1 5.8 x 107
Combined standard uncertainty 1.6 x 1078

Expanded uncertainty (k = 2) 3.3 x 108




Self-referenced spectral interferometry for
simultaneous measurements of thickness
and refractive index

Jihoon Na,' Hae Young Choi,' Eun Seo Choi,? ChangSu Lee,® and Byeong Ha Lee'*

1 May 2009 / Vol. 48, No. 13 / APPLIED OPTICS
[(6)=1,(c)[ f(A)cos(2ncA)dA  o=1/%
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11) Guias planares

Plasmons de superficie

Plasmons: oscilagdes coletivas da densidade de um gas de elétrons
livres, freqguentemente ocorrendo em frequéncias oticas.

Plasmons de superficie: plasmons confinados a superficie
(interface) e interagem com a luz, resultando em polaritons.
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Tipos de acoplamento

Light Dielectric

Dielectric
Metal
Waveguiding
layer

Dielectric

Prism coupler Waveguide coupler Grating coupler
(Kretschmann)

Precisao tipica: 10>



Guias dielétricos
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