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vFe Cu Pt Al Au Ag Pb Ni Co(f)

Lattice

parameter a, (A) 3.5852 3.6150 39231 4.0496 4.0780 4.0862 4.9505 3.523% 3.5520

hkl d spacing d spacing d spacing d spacing d spacing dspacing dspacing | d spacing d spacing

(A) (A) (A) (A) (A) (A) (A) (A) (A)
[t 2.070 2.087 2.265 2.338 2.355 2.359 2858 2.0345 2.0508
002 1.793 1.808 1.962 2.025 2.039 2044 2475 1.7619 1.7760
022 1.268 1.278 1.387 1.432 1.442 1.445 1.750 1.2460 1.2560
113 1.081 1.090 1.183 1.221 1.230 1.231 1.493 1.0623 1.0708
222 1.035 1.044 1.133 1.169 1.177 1.180 1.429 1.0172 1.0254
'_ﬂm 0.896 0.904 0.981 1.012 1.020 1.022 1.238 08810 0.8880
133 N8I3 0 829 0.900 0.929 0936 0.938 1.136 (L8084 08149
[o24 0.802 (.508 0.877 0.906 0912 0914 1.107 0.7880 0.7943
224 0.732 0.738 0.801 0.827 0.832 0.834 1.011 0.7193 0.7250
ﬁg} 0.690 0.696 0.755 0.779 0.785 0.786 0.953 0.6782 0.6836
044 0.634 0.639 0.694 0.716 0.721 0.722 0.875 0.6229 0.6279
135 0.606 0.610 0.663 0.685 0.689 0.691 0.837 0.5956 0.6004
(zﬁ 0.598 0.603 0.654 0.675 0.680 0.681 0.825 0.5873 0.5920
626 0.567 0.572 0.620 0.640 0.645 U.646 0.783 0.5571 0.5616
335 0.547 0.551 0.598 0.618 0.622 0.623 0.755 0.5374 0.5417
226 0.541 0.545 0.591 0.611 0.615 0.616 0.746 0.5313 0.5355
444 0.518 0.522 0.566 0.585 0.589 0.590 0.715 0.5086 0.5127
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Difracéo

Figure A4.1  Single-crystal spot transmission electron diffraction patterns for the [o.c. crystal structure (1’ + ¥ « w? < 22} The zone axis z, defined in appendix 1, is the beam direction B
defined in section 2.7.2, as indscated. The crosses in one quadrant of the diagram indicate the positions of the spots for the ordered f.c.c (L1,) unit cell. The complete pattern may be generated|

by repeating these spots in the remainder of the pattern and indexing using the addition of vectors, see section 2.7.2.1
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Condicao de 2 Feixes
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Figure 23.2. (A) At the Bragg condition (s = 0), the intensities of the
direct and diffracted beams oscillate in a complementary way. (B) For a
wedge specimen, the separation of the fringes in the image (C) is deter- e
mined by the angle of the wedge and the extinction distance, §g 2006/2-41
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Franjas de Espessura

A B

Figure 23.1. (A) DF and (B) BF images from the same region of a
wedge-shaped specimen of Si at 300 kV tilted so that g(220) is strong.
The periodicity and contrast of the fringes is similar and complementary
in each image.
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Erro de Excitacao (S)

B ss0 s>>0 C

Variation in the diffraction contrast when s is varied

from (A) zero to (B) small and positive and (C) larger and positive.
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Contrast Modulation on Planar Defects
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. . . . . . . . Figure 24.14. The absorption of the branch-1 Blach wave near the top
surface, T, of the specimen and its re-creation when the planar defect is
near the botiom, B, determines the contrast we see. (A) shows which
Bloch waves are present at the differemt depths in the specimen. (B)
shows how the Bloch waves are coupled along tie lines joining the two
branches of the dispersion surface, and (C) shows the resulting contrast.
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Deslocamento-Deformacgao-Tensao

e R(r) : Campo de Deslocamento
e ¢g(r) : Campo de Deformacgéo
e o(r) : Campo de Tensao

O deslocamento gera contraste no TEM
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Perfil de Intensidade
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B=2msx —=

=2 . " v
Intensity profiles proportional to AB™ in Fig. 9.19 across the dark-field
images of edge and screw dislocations with different values of g - b = n. The centre
of the dislocation is at x = 0 [9.50]
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Problema devido a:

falta de contraste para g.b<1/3

Contraste para g.b=0 onde g.bxu 20
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Demonstration of the g - b = 0
rule for an edge dislocation. Only the lattice
planes that belong to g, are strongly bent,
so that g, -b # 0 whereas g, -b=g,-b=0
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Three Beam

Two Beam
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Figure 25.9. (A) Structure of an interstitial loop relative to the dif-
fracting planes (faint lines). (B) Arrows show the rotation of the diffract-
ing planes around the dislocation. (C,D) Vacancy loops. (E.F) Position of
the image contrast relative to the projected dislocation position, Inside
contrast occurs when clockwise rotation of the diffracting planes brings
them into the Bragg condition. Outside contrast occurs for the counter-
clockwise case. (G,H) The relationship between g, s and the sense of rota-
tion. Everything is reversed if the loaps are tilted in the opposite direction
relative to the beam (i.e., reflect this figure in a mirror).

contrast
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Discordancias - Loops

Figure 25.10. Dislocation loops in irradiated Ni showing SF contrast.
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Emaranhados de DlscordanC|as

Figure 25.14. Dislocations threading through a very thick specimen in an

mage recorded usi

I pm

ing a high-voltage TEM,
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Figure 25.26. (A) Intomsity contours from a simelaied image of a par-
icle like that shown schematically is (B). Notice the line of s contrast
Jubich commesponds 10 the planc that s not dis -m-]b, the sirain fiekd of
he pasticle. (C) Experimental image of coberent partiches in Cu-Co show.
ng

Particulas Esféricas
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Feixe Fraco — Weak Beam
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Weak Beam Dark Field

a) s=0 b) s<0 ¢) Tilt to s=0 at BC

Schematic explanation of weak-beam contrast: (a) Oscillation of the
transmitted T and reflected-beam intensity /¢ in the Bragg position (s = 0), ( )
reduction of &;..n and of the oscillation .1111])11[11(105 of T and R for s < 0, (
reflected intensity in the presence of a lattice-plane tilt to s ~ 0 between B and (

¥
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Feixe Fraco — Weak Beam
2% g g 2g 3g
EERER
0 g
DF |
|0p@ic
Ewald | axis B
sphere | (3g) (3g)
K P P
3 hah 2 BN
3 |l e
..-C)"""'--.-.-.0
g 0 g 3g
LNLS
2006/2-79
Microscopia Eletronica de Transmisséo Antdnio J. Ramirez

Feixe Fraco — Weak Beam
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Feixe Fraco — Weak Beam

100mm

(a) Dislocations in heavily deformed silicon imaged with a strong 220

diffracted beam. (b) Weak-beam 220 dark-field image of the same area showing
the increase of the resolution of dislocation detail. The insets show the diffraction

conditions used to form the images [9.91] LNLS
2006/2-81
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Sample Preparation
From the microscopist’s point of view the ideal specimen should be:
(i)  representative; thin areas typica] of bulk;
(i)  thin and parallel-sided over a large area;
(iif) largely flat
(iv) undamaged by preparation;
(v) able to be handled; not fragile;
(vi) stable against oxidation or other degradation;
(vii) free from surface segregation;
(viii) clean;
(ix) conducting; and
(x) non-magnetic.
Thickness: 10-50 nm (most applications)
100 nm may be acceptable for some ones ¥
2006/2-82
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Disc Preparation iﬂﬂ

{bulk, plan view, cross sections and small cbjects)

Disc grinding @—l

TO-B0wm

Dimpling [
(Si for cross sections) s
lon Beam
Low Angle
lon milling L p— l

General steps in TEM specimen preparation
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Cross-Section Samples
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