Main Notation Used in This Book

X,y

x0z

Zj
Zj(x,y)
k

kin, kr’ ktr, ksc

kin
kz,j

q

q

x> 4> 9z
u

rt

R, T
Tj-1,j

lj-1,

=

Kizd
5
(¢
P
&

m};—uh.w

Direction normal to the surface

Directions in the plane of the surface

Used to describe a component parallel to the

interface plane

Plane of incidence

Label of layer. Numbering of layers goes from 0
(upper medium) to N the last layer. s is the substrate
Average location of the j — 1, j interface

Fluctuations of the interface location around Z;
Wave-vector

Incident, reflected, transmitted and scattered wave vectors
z component of the incident wavevector in the jth layer
when unambiguous

Wave vector transfer

Modulus of the wave vector transfer

Components of the wave vector

Scattering direction

Reflection and transmission coefficients in amplitude
Intensity reflection and transmission coefficients
Reflection coefficient in amplitude when passing from
medium j — 1 to medium j

Transmission coefficient in amplitude when passing from
medium j — I to medium j

Electric field

Polarisation vectors of the incident and scattered fields
Magnetic field

Current density

Electric polarisation

Vector potential

Poynting’s vector
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electric fields in layer j
U (Fkin -.j,2) Ajethnas
Transfer matrix
n-point probability distribution
rms roughness. 62 = (z%)

SECEN

CZZ(xlv)CZvylvyZ)

g(r) 262_2C22(x]’x2ay1ay2)

G Green function

g Green tensor (electromagnetic case)
ei(or—kr)

Height-height correlation function
Also denoted (z(x1,y1)z(x2,2))

AF Amplitude of the upwards and downwards propagating

waves are used except in Chap. 5 devoted to neutron reflectivity (see

Sect. 1.2.1 for details related to the conventions used in this book, and Sect. 5.1

for the notation used in Chap. 5).

Table 7.1 Typical length scales for x-ray reflectivity experiments

Definition Value
Wavelength A 1A
Scattering length b re=2.818x10""m
for 1 electron

Extinction length L. = Zain=T] 1 um
Longitudinal coherence length A%/ 1um
Incidence slit opening 0.1mm
Detector slit opening

normal to the plane of incidence (y) hy 10 mm
Detector slit opening

in the plane of incidence (x) hy 0.1-1 mm
Sample-to-detector distance L Im
Transverse coherence length A/AG, 10nm

normal to the plane of incidence (y) with A6, = hy/L

(when fixed by the detector)
Transverse coherence length A/(6A6) 100um

in the plane of incidence with A6, = hy/L for 6 = 10mrad

projected on the surface (x)

(when fixed by the detector)
Illuminated area (0.1mm/0)x

(length x width) (1-10 mm)
Absorption length u=A/4np 0.1-1 mm

for B =10"7-10"8
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Absorption, 26
photoelectric, 38
Absorption edge, 38
Angle of incidence, 88
Anomalous scattering, 30, 295
Atomic form factor, 29
Atomic scattering factor, 29
Autocorrelation function, 314, 318, 322

Background subtraction, 162
Born approximation, 107, 177
first, 55, 79, 141
scattering cross-section, 141
planar interface, 81
scattering cross-section, 79
self-affine surface, 82
single rough interface, 80
Born development, 54
Boundary conditions, 100
Bragg-like peaks, 260
Broadening, peak, 250

Central limit theorem, 65
Characteristic function, 63

two-dimensional, 254
Classical electron radius, 347
Coherence domains, 72

detector angular resolution, 70

GISAXS, 309

X-ray experiment, 72

Young’s holes experiment, 67
Coherent and incoherent scattering, 77, 80, 83,

145, 151, 307

Compton

effect, 26

wavelentgth, 33

Correlated roughness, see Replicated
roughness
Correlation function, 62, 63
Gaussian, 66
self-affine surface with cutoff, 66
self-affine surface, fractal surface, 66
Correlation length
lateral, 254
vertical, 258
Covariance, 176
function, 178, 255, 256, 267
Critical angle, 88
Croce—Névot factors, 116
Cross-section
absorption, 9
total, 9
Current density, 6

DA (decoupling approximation), 309, 320
Debye—Waller, 317, 318
Debye—Waller factor, 116
Density fluctuations, liquid surface, 147
Density inhomogeneities, 67
in a multilayer, 151
particles, 287
Detector scan, 154
Diffuse scattering, 253
resonant, 268
Dipolar approximation, 33
Dispersion correction, 30
Dispersion relations, 44
Distorted wave Born approximation (DWBA),
145, 178, 255, 273, 280
dipole source, 136
second order, 115
simpler, 180, 257
stratified media, 149
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346 Index

DWBA (distorted wave born approximation) characteristic functions, 65
buried particle, 292 height probability distribution, 65
graded interface, 326 two-points probability distribution, 65
hole, 292 GISANS, 295
island, 288 GISAXS
isolated particle, 287 chapter, 283
particle in a layer, 292 experimental setup, 329
Dynamical scattering effects, 257, 260 experiments on mesoporous thin films, 337
Dynamical theory, 107 experiments on metal/oxide growth, 330
scattering geometry, 285
Elastic scattering, 26 self-organized growth, 333
Electric dipole, field, 138 Graded interface, 326
Energy conservation, 56 Grating truncation rods, 271
Energy density, 6 Gratings, 269
Ergodicity, 62, 72 Grazing incidence diffraction, 266
Evanescent wave, 147, 279 Green function, 10, 136-140
Ewald construction, 278 determination using the reciprocity theorem,
Ewald sphere, 278, 286, 316, 335 136
Experimental setup, 241 multilayer, 139
GISAXS, 329 single interface, 139
Extinction in vacuum, 138
length, 22 Green tensor, 136
theorem, 26 See also Green function, 136
Guinier limit, 312
Facets, 303, 332 Gyration radius, 312
Far-field approximation, 69
Faraday rotation, 53 Hankel transform, 315
Flow, 6

Height-height correlation function, 238
Fluorescence, 26, 38 intrinsic, 248

yield, 38 of two interfaces, 239
Flux, 6, 241 Helmholtz equation, 4, 89, 189

density, 6 Hosemann function, 319

Form factor' . Hurst exponent, 254
asymptotic behavior, 312

buried particle or hole, 292
core-shell, 306

definition, 290

Fourier transforms, 296
graded interface, 327
island, 290

mean values, 310

particle in a layer, 293

Index of refraction
neutrons, 190
x-rays, 69, 87
Inelastic scattering, 26
Integral equation (for the electric field), 136
Intensity, 6
Interference function

Fractal dimension, 254 mo@els, 314
Fresnel partial, 307
coefficients total, 314
attenuated, 244, 245, 277
for gratings, 274 Kinematical theory, 107, 177, 272
equations, 91 Kramers—Kronig relations, 44
formulas, 192
reflectivity, 91 Lattice, 316
Friedel rule, 303 Law of reflection, 278
Layer form factor, 177
Gaussian roughness, 254 Layer size function, 237

Gaussian variates Layer structure factor, 177



Index

LMA (local monodisperse approximation),
310, 320
Lorentz electron radius , 28

Magnetic circular dichroism, 54
Magnetic scattering (x-rays)
non-resonant, 47
resonant, 47
Matrix method, 99
Multilayer
DWBA, 149
graded interface, 326
Green function, 139
periodic, 246, 280
surface scattering
Born approximation, 173

Nanostructure, 285
Non-coplanar reflectivity, 265
Non-specular reflection, 253

Optical potential, see scattering potential
Optical theorem, 17, 56

Pair correlation function
partial, 307
total, 314
Pair probability distribution, 239, 254
Paracrystal, 318
Particle shape, 296
Patterson function, 109
Peak broadening, 250
Peaks, Bragg-like, 260
Penetration depth, 97
Perturbed potential, 176, 273
Polarisability, 237
Porod exponent, 313
Porod limit, 313
Porous samples, 252
Power spectrum, 63, 66
Poynting vector, 7, 70
Probability distribution
height, 60
particle size, 310
Propagation equation (electric field), 134

Quadrupolar terms, 33

Raman effect, 26

Raman scattering, 35
resonant, 35

Rayleigh scattering, 30

Rayleigh theory, 114

Reciprocal lattice, 278, 316

347

Reciprocal space construction, see Ewald
construction
Reciprocity theorem
determination of Green functions, 136
Reflection
non-specular, 253
specular, 243
Reflection coefficient, 101
Reflectivity, 88
effects of surface scattering, 158
non-coplanar, 265
specular, 93
Refractive index
neutrons, 190
x-rays, 69, 87
Replicated roughness, 256
Resolution function, 154
Resonant diffuse scattering, 257, 260, 268
Rocking curve, 153
Rod of scattering, see Scattering, facets
Root mean square height (RMS height), 62
Roughness, 112
Gaussian, 244
intrinsic, 239
replicated, 239, 249, 257

Scans, experimental, 242
Scattered field, 69
exact integral equation, 69, 140
Scattering
buried particle, 292
core—shell particle, 305
density inhomogeneities, 287
facets, 303
hole, 292
island, 288
single scattering, multiple scattering, 55
Scattering cross-section, 111
Born approximation, 80
coherent, 176
collection of particles, 307
differential, 9, 69, 134, 175
first Born approximation, 141
incoherent, 176
isolated particle, 287
total, 9
Scattering depth, 287
Scattering length, 8
Scattering potential, 176
Schrodinger equation, 135
Setup, experimental, 241
Single interface, Green function, 139
Snell’s law, 278
Speckle, 73
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Specular reflection, 243
Specular rod, 309

SSCA (size-spacing correlation approxima-

tion), 321

Standing waves, 147
Stepped surfaces, 250, 262, 268
Stratified media, 67

DWBA, 149

graded interface, 326

See also Multilayer, 139
Structure factor, 317
Surface scattering

Born approximation, 79

effects on reflectivity, 158

geometry, 68

scattered intensity, 154
Susceptibility, see Polarisability

Index

Templeton anisotropic scattering, 47
Terraced surfaces, see Stepped surfaces
Thomson scattering, 28

Transfer matrices, 100

Transition operator, 175

Transmission coefficient, 101

Umweganregung, 261, 281
Unperturbed potential, 176, 273

Wavevector transfer, 286
White lines, 38
Wiener—Kintchine theorem, 63

Yoneda peak, 149, 256, 260, 290, 292, 329
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