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2.1. LABORATORY X-RAY SCATTERING
2.1.7.3. Position sensitivity and associated scanning modes

2.1.7.3.3. Size and shape
PSDs are available in different sizes with ﬂat (1D, 2D), curved
(1D), cylindrical (2D) and spherical (2D) detection surfaces.
Curved, cylindrical and spherical detectors are designed for
focusing or parallel-beam geometries with a ﬁxed specimen-todetector distance, and cannot normally be used with the Bragg–
Brentano geometry because of its 2-dependent focusing circle
(Section 2.1.4.1). Flat detectors can be used at different
specimen-to-detector distances, with either high angular resolution at a large distance or large angular coverage at a short
distance. For large ﬂat detectors, parallax errors must be
addressed. Small ﬂat detectors are perfectly suited for operation
in Bragg–Brentano geometry but the angular coverage should
not exceed about 10˚ 2 (Section 2.1.4.1) to minimize defocusing,
particularly at small 2 angles.

2.1.7.3.1. Pixel size, spatial resolution and angular resolution
Detectors of the line (1D) or area (2D) type have the important property of position sensitivity, which is characterized by the
two parameters pixel size and spatial resolution.
The pixel size of a position-sensitive detector (PSD) can be
represented either by the intrinsic size of the smallest addressable
sensitive component of a detector (e.g. the actual size of the
diodes), which can be binned to form larger pixels, or is set by the
readout electronics (e.g. for wire-based detectors such as
proportional counters). The spatial resolution is determined by
the actual pixel size, the point-spread function (PSF) and
parallax. The PSF represents the spread of a signal produced
by a single photon over several pixels by mapping the
probability density that a photon is recorded by a pixel in the
vicinity of the point that the photon hit. Parallax will lead to an
additional smearing if the photon travels at an angle to the
detector normal. The ﬁnal angular resolution of a detector system
is given by the spatial detector resolution and the specimen-todetector distance.
Point (0D) detectors do not provide position sensitivity,
regardless of the actual size of the active window (representing a
single pixel). Simply speaking, in analogy to PSDs, the spatial
resolution of a point detector is determined by the goniometer
step size representing the actual pixel size, and the size of the
detector slit representing the PSF. As for PSDs, the angular
resolution is given by the spatial resolution and the specimen-todetector distance.
Detectors can be operated in ﬁxed as well as in (2) scanning
mode, where the step size is usually determined by the detector
pixel size. Subsampling, that is scanning using an angular step size
smaller than the angular pixel resolution, may be used to improve
observed line proﬁle shapes if the pixel resolution is too small. As
a rule of thumb some 5–8 data points need be collected over the
FWHM of a diffraction peak to allow for an appropriate
description of the line-proﬁle shape.
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2.1.7.3.2. Dimensionality
Area detectors can be operated as line or point detectors.
Electronic binning of the pixels into columns will form a line
detector, while binning all pixels together will form a point
detector, each associated with improvements of count rates and
thus dynamic ranges. Alternatively, 1D or 0D ‘regions of interest’
can be deﬁned electronically and/or by mounting suitable
diffracted-beam-path X-ray optics. Area detectors – when operated as such – require point-focus operation.
Line detectors can be used as point detectors, which may be
formed in several ways. One way is to only use one or more
central pixels by either electronically switching off outer pixels
and/or by mounting suitable X-ray optics. Another way is to turn
the detector by 90˚ and to bin all pixels, leading to an improved
count rate and thus dynamic range.
Obviously, when turning a line detector by 90˚, it will function
as an area detector if it is scanned over an angular range; the
trace of the scan will form a cylindrical surface that is a twodimensional diffraction image (He, 2009). This scan mode
may be associated with a few advantages, in addition to lower
costs. For example, the elimination of parallax and the
possibility of using diffracted-beam-path optics improve the
angular resolution in the 2 direction and allow air scattering to
be reduced.
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