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2.2. SYNCHROTRON RADIATION

background. The detector arm is scanned and a powder pattern

recorded. This arrangement can be used for narrow capillary

samples on lower-flux sources, avoiding the loss of intensity that

use of an analyser crystal entails. The resolution is largely

determined by the opening angle defined by the capillary and the

receiving slit. Despite the simplicity of such an instrument, high-

quality high-resolution data can be obtained.

For much faster data acquisition, a one-dimensional (1D) PSD

or an area detector can be employed. Any sort of 1D detector

with an appropriate number of channels, channel separation,

efficiency, count rate (in an individual channel and overall) and

speed of read out can be employed. Technology evolves and

detectors make continual progress in performance. At the time of

writing the most advanced 1D detector is the Mythen module

developed by the Swiss Light Source (SLS). Mythen modules are

based on semiconducting silicon technology and have 1280

8-mm-wide strips with a 50 mm pitch (64 � 8 mm2). They can be

combined to form very large curved detectors such as that on the

powder diffractometer of the materials science beamline at the

SLS (Fig. 2.2.13). This detector consists of 24 modules, 30 720

channels, set on a radius of 760 mm, covering 120� 2�. Detector

elements are therefore separated by �0.004�. The whole detector
can be read out in 250 ms. Being Si based, its efficiency falls off

above 20–25 keV, where the absorbing power of Si falls to very

small values. Nevertheless, at intermediate and low energies a full

powder-diffraction pattern for structural analysis can be

measured in just seconds, or even faster if the intention is to

follow a dynamic process.

Two-dimensional (2D) detectors are generally flat, so cannot

extend to the same 2� values as a curved multistrip detector

unless scanned on a detector arm. This is possible, but usually a

short wavelength is used with a fixed detector. This allows an

adequate data range to be recorded, particularly if the detector is

positioned with the direct beam (2� = 0) near an edge. A 2D

detector records complete or partial Debye–Scherrer rings, which

increases the counting efficiency with respect to scanning an

analyser crystal by several orders of magnitude. In addition, if the

rings do not appear smooth and homogeneous, this indicates

problems with the sample, such as preferred orientation or

granularity, both of which can seriously affect diffraction inten-

sities when measuring just a thin vertical strip. Detectors that

have been used are diverse and include image plates, though

these have slow read out, charge-coupled devices (CCDs) or Si-

based photon-counting pixel detectors used for single-crystal

diffraction or protein crystallography (e.g. Broennimann et al.,

2006), and medical-imaging detectors, which are designed for

hard-energy operation. Examples include the CCD-based Frelon

camera, developed at the ESRF (Labiche et al., 2007), and

commercially available large flat-panel medical-imaging detec-

tors up to 41 � 41 cm2, based on scintillator-coated amorphous

silicon, which have been exploited at speeds of up to 60 Hz for

selected read-out areas (Chupas, Chapman & Lee, 2007; Lee,

Aydiner et al., 2008; Daniels & Drakopoulos, 2009).

Note that a 2D detector can be used as a 1D detector by

applying a mask and reading out only a narrow strip, which can

enhance the rate of data acquisition. For CCD chips, the elec-

tronic image can be rapidly transferred to pixels behind the

masked part of the detector from where it can be read out while

the active area is re-exposed. Translating an image plate behind a

mask is a simple way of acquiring a series of diffraction patterns

for following a process with modest time resolution.

These instruments are vulnerable to aberrations that cause

systematic shifts in peak positions, such as misalignment of the

capillary or surface of the sample from the diffractometer axis,

and specimen transparency, which also affects the peak width and

shape. The peak width also depends on whether a flat sample is in

the �/2� condition, or on the diameter of a capillary sample, etc.

Focusing the incident beam onto the detector decreases the peak

width, as fewer pixels are illuminated compared to using a highly

collimated incident beam. PSDs are much more open detectors

than those behind an analyser crystal or set of slits, so are more

susceptible to background and parasitic scatter from sample

environments etc. However, the speed and efficiency of data

acquisition usually outweigh such concerns.

2.2.4.3. Energy-dispersive instruments

The broad, continuous spectrum from a wiggler or bending

magnet is suitable for energy-dispersive diffraction (EDD). Here,

the detector is fixed at an angle 2� and the detector determines

the energy, ", of each arriving photon scattered by the sample

(Fig. 2.2.14). The energy [keV] can be converted to d-spacing [Å]

via

d ’ 12:3984=2" sin �:

The detector usually consists of a cryogenically cooled semi-

conducting Ge diode. An absorbed X-ray photon promotes

electrons to the conduction band in proportion to its energy. By

Figure 2.2.13
(a) 120� Mythen detector box, containing helium, mounted on the
powder diffractometer of the materials science beamline at the Swiss
Light Source. (b) Multianalyser detector stage. (c) Capillary spinner.
(Bergamaschi et al., 2009, 2010.)

Figure 2.2.14
Schematic representation of an energy-dispersive diffraction arrange-
ment.
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