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Interaction of High Energy Electrons with a Sample



n λ = 2 d sin θB

Bragg’s law



Diffraction Pattern Image

Lens-Ray Diagram of TEM



Image formation in the TEM
Bright Field (BF)



Image formation in the TEM
Dark Field (DF)
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TEM images of Au islands on C film, BF & DF



Location of dislocation image related to dislocation core

Bragg-diffracting
conditions



Location of dislocation image related to dislocation core



Two-beam diffraction conditions
(used in g • b analysis of dislocations)
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Images of Dislocations due to diffraction conditions



Dislocations
are white

Weak-beam (WB or WBDF) image formation



Weak-beam dark field (WBDF) dislocation images
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Two beam BF                      WBDF

Weak-beam dark field (WBDF) dislocation images



Two beam BF

WBDF

Weak-beam dark field (WBDF) dislocation images



Specimen must be thick enough
to generate a large number of
incoherently scattered electrons
(diffusely scattered electrons in
all directions), which are then
Bragg diffracted by the planes.

The beam which was
initially closest to the optic
axis, and therefore more
intense, is further away after
being scattered. This gives
the excess line and the
deficient line.

The distance between the –g and g
Kikuchi lines is g (not 2g) because
the angle between the two Kossel
cones is 2θB.

Kikuchi Diffraction



Kikuchi Diffraction

When the g Kikuchi line passes through the reflection G, then sg=0 (the Bragg
condition is satisfied), and the –g Kikuchi line passes through O.
If the direct beam is exactly parallel to the plane hkl, the g and –g Kikuchi lines
are symmetrically displaced about O with g “passing through” g/2 and –g
“passing through” –g/2.



Kikuchi Maps



Burgers Vectors



Determining the burgers vector – the g • b rule



Determining the burgers vector – the g • b rule

Technically, the g • b = 0 criterion is really  g • b x u = 0
With g = diffraction vector
         b = the burgers vector
         u = line direction



Single image
Two beam BF

Double image
Three beam BF

Double image
g*b=2, s=0

Single image
g*b=2,
s is not 0

Images of Dislocations for different g • b conditions



Copper foil micrographs taken with different 111 type reflections
Burgers vectors of type a/2 [110]

Burgers vectors 
which disappear:

(a) (b) (c)
0-11 -110 -101
101 011 011
110 101 110

A=[011]
B=[110]
C=[0-11]

Q: Edge or screw?
A: Mostly edgeD=[-101]

E=[0-11]
F=[-101]

Burger’s vectors:

G does not disappear
Most likely faulted dipole a/3 [111]

Example of using g • b = 0 to determine burgers vectors



Stacking Fault Contrast



Stacking Fault and Interstitial Loop Contrast



Thin Foil Effects - Thickness Fringes



Thickness Fringes along Grain Boundaries



Thin Foil Effects – Bend Contours



BF image of stacking faults in a wedge-shaped specimen of Ta-C. The
four faults appear wedge-shaped, owing to the increasing thickness of
the specimen away from the edge.

Thin Foil Effects –
Thickness Fringes and Effect on Stacking Faults



Thin Foil Effects -
Surface Effects on Dislocations



Thin Foil Effects -
Surface Effects on Dislocations



BF images of dislocations in Al showing:
(a) dotted contrast at three locations “A”

near the foil surface,

(b) oscillating contrast at the steeply-
inclined dislocation “B” due to
dynamical effects.

Thin Foil Effects -
Surface Effects on Dislocations



Examples: Grain Boundaries & Dislocations



Examples: Dislocations
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Examples: Twins

Work done by Dr. Chung-Ming Li



Work done by Dr. Chung-Ming Li

WBDF image

Examples: Twins

BF image



Work done by Dr. Chung-Ming Li

Examples: Twins



• t = 0 s; (b) t = 27 s; (c) t = 33 s;
(d) t = 35 s: (e) t = 38 s; (f) t = 39 s;
(g) t = 40 s; (h) t = 41 s; (i) t = 57 s;
(j) t = 63 s.

Formation and annihilation of
stacking faults at twin boundary

Work done by Dr. Chung-Ming Li

Examples: Movies


