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5. DETERMINATION OF LATTICE PARAMETERS
primitive. This presents no dif®culty in the non-zero-zone
analysis given in Subsection 5.4.1.3 but needs consideration
when two patterns are used as described in Subsection 5.4.1.2.
Unit-cell parameters may be partly or fully determined
depending on the extent of knowledge of the effective camera
length L and wavelength l, and upon the type and number of
patterns. The different situations are distinguished in Table
5.4.1.1 for photographic recording. Note that L is simply a
magni®cation factor.
The accuracy of the non-zero-zone analysis described in
Subsection 5.4.1.3 will depend on the in¯uence of spiral, radial,
and elliptical distortions. The camera length and wavelength
need to be known to better than 1%.
For measurements made using microscope de¯ector systems,
a knowledge of L may not be required depending on the location
of the de¯ectors in the microscope column. Instead, the
calibration factor of the de¯ectors, in suitable units, will replace
L.
5.4.1.2. Zero-zone analysis
Two patterns are required that represent different sections
through the reciprocal lattice. The angle of rotation p between
these sections must be known, as well as the trace of the rotation
axis in the plane of the pattern. De®ne the plane of the ®rst
pattern as the xy plane with the x axis, for convenience,
coincident with the trace of the rotation axis. The coordinates
x0 ; y0 of re¯ections in the ®rst pattern are then measured. The
coordinates x1 ; y1 of spots in the patterns rotated by p relative to
the ®rst pattern are then measured, care being taken to align the
trace of the rotation axis with the x axis of the measuring
equipment for each pattern. The coordinates of these re¯ections
are then reduced to the coordinate system of the ®rst pattern by
the relations x0  x1 , y0  y1 cos p, z0  y1 sin p. The coordinates of all re¯ections measured are placed in a table that is
scanned to extract the three shortest non-coplanar vectors. If the
patterns come from dense, neighbouring zones, it is likely that
these vectors de®ne a primitive cell.

5.4.1.3. Non-zero-zone analysis
One pattern with well de®ned Laue zones taken at an arbitrary
zone allows the recovery of a third vector not in the plane of the
pattern. First ®nd the components for the two shortest zero-zone
vectors a and b (see Fig. 5.4.1.2). For the third vector,
measure the x and y coordinates of a non-zero-zone vector.
These are then transformed to components in the coordinate
system de®ned by the two shortest vectors of the zero zone. Then
the fractional part of each transformed component is taken. If the
vector comes from a Laue zone of order n, these fractional parts
must be divided by n. A transformation back to Cartesian
coordinates gives the x and y components of the third vector c ,
point O0 in Fig. 5.4.1.2. In practice, it is best to measure a set of
vectors at roughly equal angles around the zone so that an
average can be taken to improve accuracy.
For certain space groups and special orientations, it is possible
for half of the zero-zone re¯ections to be absent. If suf®cient
non-zero-zone vectors have been measured, two different vectors
OO0 should be found. New axes (a  b )=2 and (a b )=2 must
then be chosen and the x and y coordinates of c recalculated.
The z component of c is obtained (Fig. 5.4.1.1) from
cz  L1

1= 1  r 2 =L2 1=2 =n;

where r is the radius of the Laue circle of order n.
We now have the orientation matrix UB as
0 
1
ax bx cx
UB  @ ay by cy A;
0 0 cz
and the measurement of the pattern is complete.
After transformation of the axes de®ned by UB to the Bravais
axes, the inverse of the resulting UBBravais will index the pattern
using
0 1
0 1
x
h
1
@ k A  UBBravais
@ y A:
l
z
5.4.2. Kikuchi and HOLZ techniques (By A. Olsen)
Lattice-parameter determination based on selected-area electrondiffraction patterns requires accurate calibration of the camera
constant K. This constant depends on the electron wavelength l
and the camera length L and is given by K  lL. Because the
camera constant cannot be determined with suf®cient accuracy in
a transmission electron microscope, a number of methods for
determination of lattice parameters (or electron wavelength)

Fig. 5.4.1.2. A diffraction pattern with the crystal oriented at a zone
axis. The lower diagram shows the zero-zone vectors a and b , and
OO0 , the projection on the xy plane of c .

Fig. 5.4.2.1. Schematic diagram showing the geometry of a Kikuchi
pattern.
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