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Contraste de Fase
Diferengas de fase entre os feixes espalhados dentro da amostra

Interferéncia entre estes feixes (por exemplo 2 feixes)

v = Q,(z) exp 2mi(k, - r) + ¢,(z) exp (27iky, - 1)
kp=Kk, +g+s,=k, +g'
I = A’ +B* - 2AB sin (2ng’x — Tst)
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Contraste de Fase - HRTEM

Figure 27.4. Illustrations of lattice images which contain easily interpreted information. (A) The spinel/olivine interface; (B) dislocations at a het-
erojunction between InAsSh and InAs: (C) a grain boundary in Ge faceting on an atomic scale; (D) a profile view of a faceted surface.
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Optic System

Point fx.y)
——— i Optical
system
Disk gx.y) =g(r)

Figure 28.1. An optical system transforms a point in the specimen (de-

scribed by fix,y)) into a disk in the image described by g(x,y). The inten-

sity in the image at point (x,y) can be described by the function g(x,y) or

g(r). It has a unique value for each value of (x,¥) so we say that g(r) is a

representation of the image.
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Optic System

g(r) = ’ F(r') h(r =) dr’

=f(r)®h(rﬂr’]

h(r) = Describes how the point spreds into a disk
(point-spread function)

G(u) = F(u) H(u)

. GU=Fg
S > o F(U)=Ff(n)

A £ e H(u)=Fh()

e H(u): Contrast Transfer Fuction o6
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Apertures — The aperture function  A(u)
Attenuation of the wave — The envelope function E(u)
Aberration of the lens ~ — The aberration function B(u)

Optic System

The factors contributing to H(u) include:

We write H(u) as the product of these three terms

H(u]:A(u]E[u]B(u)

B[u)zexp(:’x[u})
x(u)=mAf L+ ;:'1: ol Wl
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Phase Object Approximation

First approximation:

/ Potencial Projetado

Scattering angles = 102 mrad, and thickness ~1u0 A
very little lateral displacement of the glectron team. Sam p le

electron beam suffers a phase change that depend only on the
potential distribution along a straight path through the sample.

-J%
e

D (xy) =) @ (xyz) dz

D
‘80% @ (xyz)

W =Wy flxy)

Transmission function including phase change and absorption

fxy)=expl-ic ®(xy) - L (xy)]

Remark: non linear nature of electron scattering il

D (xy)
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Weak Phase Object

w Phase Obj roximation (WPOA
f (xy) =exp [-i 0 P(xy)] o=2nmeA/h2
=1-10d(xy)

Objective Lens Transfer Function
T(u)=A(u)E(u)2siny(u)

For WPOA, T(u) is called Contrast Transfer Function
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Contrast Transfer Function

T(u)=A(u)E(u) 2 sin x(u)

e Maximos (y(u) = + n/2 ) e Minimos (y(u) = + n)
e T(u) <0 (Contraste de fase positivo — atomos brancos)
e T(u) > 0 (Contraste de fase negativo — atomos pretos)

T(u)

Ideal CTF

T(u)=0 em u,
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Contrast Transfer Function

X =T AfAu*+ %ncs?fu“
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Figure 28.4. A plot of T(u) versus u (C‘i =1 mm, Ej =200 keV, Af =
—-58 nm). .
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AfMC =—-0.44 [C ?L )2 Figure 28.7. (A) siny(u) versus u without damping of the higher spa-
d L tial frequencies. (B) T(u) versus u modified by the damping envelope

(dashed line); Af=-100 nm, C, = 2.2 mm.
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Alta Resolucao
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Figure 5.21. (a) Physical appearance of a retractable detector and associated preampli-
fier electronics. (b) Detail of Si(Li) mounting assembly. ol ]
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EDS Detector
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elements are drawn at the top of the figure
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Fig. 10.18. Dependence of the detection efficiency 5(Fx) of a Si (Li) x-ray detector
on quantum energy Ey and on the thicknesses of the Be window and the detector
ission through a 20 nm Au film and a 0.1 pm dead-layer in Si
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EDS Spectral Distribution

Figure 5.53. Schematic draw-
ing of the relationship between
the measured and generated
spectral distributions of mangan-
ese. (Courtesy of R. Bolon.)
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EDS Spectrum
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e Efeitos no detector
e Relacao peak/background
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Epalhamento na Amostra
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Epalhamento ap0s a Amostra
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Figure 33.7. Cu peaks in a spectrum from a thin Cr film on a Cu grid.
Although the beam is many micrometers from the grid, Cu X-rays are ex-
cited by electron scatter and bremsstrahlung from within the specimen
and their intensity generally increases with tilt. The Cr escape peak and
the Si internal fluorescence peak are also visible,
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Figure 33.10. (A) The Fiori definition of the peak 1o background ratio for Cr. The total CrK, peak intensity P is integrated from 5.0 to 5.7 keV. The
background windows BI and B2 are integrated over seventy 10-¢V channels from 4.1 10 4.8 keV and from 6.3 to 7.0 keV, respectively. The average of
the two windows [(B1 + B2)/2] is Blavg). This Blavg) is divided by 70 10 give the background in a single 10-¢V channel [B(10 ¢V)]. The Fiori defini-

tion is given by P/B = [P - Blavg)[/[B( 10 ¢V)]. (B) The increase of the Fiori P/B with accelerating voltage in a well-behaved 300-keV IVEM.
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Figure 35.8. The upper curve shows the raw Ni K /Mg K_ intensity
ratio as a function of thickness in a homogeneous sample of NiO-MgO.
The slope indicates strong absorption of Mg K X-rays. The middle curve
shows the effect of correcting for absorption of the Mg K_ line by Ni and
the bottom line shows the effect of a further correction for absorption of
the Mg K_ line by O to give the expected horizontal line.
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