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5.2. X-RAY DIFFRACTION METHODS: POLYCRYSTALLINE
5.2.4. Angle-dispersive diffractometer methods:
conventional sources
The symmetrical Bragg±Brentano (Parrish) and the Seemann±
Bohlin angle-dispersive diffractometers are fully described in
Chapter 2.3. The centroid and peak displacements and the
variances of the aberrations of the symmetrical diffractometer
have been collected by Wilson (1961, 1963, 1965c, 1970a,
1974). For the Seemann±Bohlin type, they are collected in Table
5.2.4.1, mainly from Wilson (1974). They are expressed in
inverse powers of the source±specimen distance S and the
specimen±detector distance R, and tend to be larger for the
Seemann±Bohlin arrangement than for the symmetrical arrangement. For the latter, S and R are constant and equal to the radius,
say R0 , of the diffractometer, whereas, for the former,
S  2R0 sin '
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and
R  2R0 sin 2

';
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where ' is the constant angle that the incident X-rays make with
the specimen surface. In the Seemann±Bohlin case, S will be
constant at a value depending on the choice of angle ', but
usually less than R0 , and R will vary with 2, approaching zero
as  approaches '=2. There will thus be a range of 2 for which
the Seeman±Bohlin aberrations containing R become very large.
Mack & Parrish (1967) have con®rmed experimentally the
expected differences in favour of the symmetrical arrangement
for general use, even though the effective equatorial divergence
(`¯at-specimen error') can be greatly reduced by curving the
specimen appropriately in the Seemann±Bohlin arrangement.
The aberrations for the symmetrical arrangement are found by
putting R  S  R0 , '   in the expression in Table 5.2.4.1;
they are given explicitly by Wilson (1963, 1965c, 1970a).
5.2.5. Angle-dispersive diffractometer methods:
synchrotron sources
Lattice-parameter determination with synchrotron radiation has a
number of advantages over focusing methods (Parrish, Hart,
Huang, & Bellotto, 1987; Parrish, 1988; Huang, 1988). The K doublet problem does not arise; the symmetrical single pro®les
greatly simplify the accurate angular measurement of peaks. The
higher intensity and low uniform background out to the highest 
values give a higher statistical counting precision, an important
factor in accurate measurements. Short wavelengths (0.65 to
Ê ) can be used to increase greatly the number of re¯ections
1.4 A
without compromising the accuracy of the peak measurements. If
desired, the patterns can be recorded with two or more
wavelengths of about the same intensity, instead of being
con®ned to the K and K lines (PopovicÂ, 1973). The large
specimen-surface-displacement and ¯at-specimen errors associated with most other methods do not occur, so that systematic
errors are small or absent. The wavelength can be selected to
obtain the desired dispersion, to avoid ¯uorescence, and to
reduce specimen transparency.
The re¯ections are virtually symmetrical narrow peaks
(Subsection 2.3.2.1), with widths of the order of 0.02±
0.04 2 when an analysing crystal is used instead of a receiving
slit, and of the order of 0.05 when a long Soller slit is used as a
collimator. These increase with increasing 2 because of
wavelength dispersion and small particle size. The angular
positions of the peaks can be determined with high precision by
the use of pro®le-®tting or peak-search measurements, and the
only signi®cant geometrical aberration is axial divergence.

There are no lines in the synchrotron-radiation spectrum, and
this creates the problem of determining the wavelength selected
by the monochromator. If a highly accurate diffractometer were
used for the monochromator and the monochromator d spacing
were known accurately, the wavelength could be determined
directly from M . The angular accuracy of the diffractometer
would have to be 0.0002 to achieve an accuracy of one part in
Ê
106 in the wavelength at l  1:54 A.
In practice, the wavelengths can often be determined by
scanning the absorption edges of elements in the specimen or a
metal foil placed in the beam. There is no feature of the
absorption edge that is accurately measurable, and the wavelengths are usually listed to one or two decimal places fewer than
those for the emission lines.
The wavelength problem could be avoided by using the ratio
of the lattice parameter of the specimen to that of an accurately
known standard measured with the same experimental conditions
(Parrish et al., 1987). The standard may be mixed with the
specimen or measured separately, as there is no specimensurface displacement shift. Mixing reduces the intensity of both
patterns and worsens the peak-to-background ratio. The limitation is the accuracy of the lattice parameter of the standard. The
only widely available one is the National Institute of Standards
and Technology [NIST, formerly National Bureau of Standards
(NBS)] silicon powder 640b (see Section 5.2.10). This accuracy
may not be suf®cient for measuring doping levels, stoichiometry,
and similar analyses now possible with synchrotron-radiation
methods and the wavelength is normally determined directly
from data for a standard whose lattice parameter is known with a
high degree of precision, such as NIST SRM silicon 640b.
The most promising method is to use a high-quality singlecrystal plate of ¯oat-zoned oxygen-free silicon, now widely
available. Its lattice parameter is known to about one part in 107
(Hart, 1981), which is much higher accuracy than that of the
published lists of X-ray wavelengths. Several orders of re¯ection
(for example 111, 333, 444) should be used to improve the
accuracy of the measurement.
Data are usually collected by step-scanning with selected
constant angular increments and count times. To avoid interruptions due to re®lling of the synchrotron ring, it is better to make a
number of short runs rather than one long one. The data can then
be added together and treated as a single data set. A shift in the
orbit may cause a change in the wavelength re¯ected by the
monochromator, and it is important to be aware of this in
accurate lattice-parameter determination. The peaks are narrow,
and the angle increments should be small enough to produce at
least a dozen points in each peak. In practice, the scans may be
made to cover a range of one to two half-widths (full widths at
half height) on both sides of the peak, with increments of about
0.1 to 0.2 of the half-width, in order to record a suf®cient
number of data points for accurate pro®le ®tting. The count time,
which depends on the intensity, should be checked by
determining the goodness-of-®t of the calculated pro®les and
the experimental points (Subsection 2.3.3.8 and Chapters 8.4
and 8.6).
The lower-angle peaks generally have higher intensities and
are therefore preferred to the higher-angle peaks because of the
better counting statistics. If the diffractometer can scan to
negative angles, the number of strong peaks can be doubled by
measuring the re¯ections on both sides of the zero position. The
specimen can be used in either re¯ection or transmission, but
re¯ection generally gives higher intensity. The lattice parameters
are determined by a least-squares analysis of the peak angles
determined by pro®le ®tting, and it is therefore necessary to
measure a suf®cient number of re¯ections to give a statistically
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