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7.1. COMPARISON OF X-RAY DETECTORS
at synchrotron sources, permits a new exposure to be made while
scanning is performed. Self-contained systems offer the advantages of simpliﬁed operation and the possibility of calibrating the
detector, since only a single sheet of material is used in a
mechanically stable setup.
Storage phosphors are typically read out with 100 mm square
pixels, resulting in 2000  2500 pixel images for the common size
of sheet. Larger formats are available. The wide PSF of storage
phosphors makes the effective pixel size considerably larger than
the nominal value. Some scanners permit smaller pixels, but this
is of limited utility because there is a readout noise component
associated with each pixel and too small a pixel harms the signalto-noise ratio without improving data. The most critical component of the storage-phosphor system is the mirror assembly that
gathers the photostimulated emission during readout. There are
very few emitted photons for each stored X-ray (at the photon
energies used for diffraction), and only a small fraction of these
are detected in the photomultiplier (in some cases less than one
per stored X-ray). This step in the detection process is critical in
maintaining high quantum efﬁciency. Although image plates have
an inherently wide dynamic range, the practical value is always
limited by the scanner analogue-to-digital converter.
Television detectors. Numerous integrating detector designs
based on television sensor technologies have been published and,
in one case, produced commercially (Milch et al., 1982; Arndt,
1991). These detectors span a wide range of design complexity
and performance. The primary element is a phosphor screen,
which converts the incident X-ray pattern to a light image that is
directly or indirectly coupled to the sensor, such as a Vidicon or
CCD. Many of the designs employ image intensiﬁers to raise the
signal strength of the visible image above the noise of the sensor
system. Some designs employ cameras operated at video rates,
with frames accumulated in the attached computer or on videotape. Other designs use cooled cameras operated in a slow-scan
mode, which greatly reduces noise. The X-ray exposure is integrated in the camera, then read out once at the end of the integration period.
Most of these systems would be classiﬁed as complex, but
several of them are working reliably today in laboratories with
conventional X-ray sources. The image intensiﬁers improve the
DQE of the systems, while sacriﬁcing dynamic range and image
sharpness. In addition, intensiﬁers are sensitive to magnetic ﬁelds,
requiring great care in their use if proper detector calibration is
to be maintained.
Considerable enhancement to the television-type detector is
made possible by the low-noise imaging capabilities of CCDs,
described in Chapter 7.2. In this case, high DQE can be maintained without intensiﬁcation when the CCD is cooled and read
with slow-scan electronics. As such, these detectors are much
more robust and have improved imaging qualities.

hard X-rays. A number of these detectors are at the moment
(1999) poised for introduction, but they are specialized for
radiographic applications and are poorly suited for relatively
long, low-noise integration of low-energy X-rays. It remains to be
seen whether the technology will succeed and whether it can be
modiﬁed for quantitative crystallographic applications.
A second technology being developed speciﬁcally for quantitative X-ray diffraction is based on solid-state pixel array
detectors (PADs) (Iles et al., 1996; Datte et al., 1999; Barna et al.,
1997; Rossi et al., 1999). In a PAD, X-rays are stopped directly in
a semiconductor and the resulting signal is processed by electronics integrated into each pixel. Direct conversion of X-rays
into electrical signals in a high-grade semiconductor has many
advantages: many signal electrons are produced for each X-ray,
and the conversion medium is very linear, has low noise and is
well understood. Since each pixel has its own electronics, there is
enormous ﬂexibility in performing local signal processing. In
principle, PADs have tremendous advantages of sensitivity,
ﬂexibility, noise and stability. The challenge will be to make PADs
of a size and format useful for crystallography, while still being
sufﬁciently affordable to be commercially viable.

References
Amemiya, Y., Matsushita, T., Nakagawa, A., Satow, Y., Miyahara, J. &
Chikawa, J.-I. (1988). Design and performance of an imaging plate
system for X-ray diffraction study. Nucl. Instrum. Methods Phys. Res.
A, 266, 645–653.
Arndt, U. W. (1991). Second-generation X-ray television area detectors.
Nucl. Instrum. Methods Phys. Res. A, 310, 395–397.
Arndt, U. W., Gilmore, D. J. & Wonacott, A. J. (1977). X-ray ﬁlm. In The
Rotation Method in Crystallography, edited by U. W. Arndt & A. J.
Wonacott, pp. 207–218. Amsterdam: North-Holland Publishing Co.
Barbosa, A. F., Gabriel, A. & Craievich, A. (1989). An X-ray gas
position-sensitive detector – construction and characterization. Rev. Sci.
Instrum. 60, 2315–2317.
Barna, S. L., Shepherd, J. A., Tate, M. W., Wixted, R. L., Eikenberry, E. F.
& Gruner, S. M. (1997). Characterization of prototype pixel array
detector (PAD) for use in microsecond framing time-resolved X-ray
diffraction studies. IEEE Trans. Nucl. Sci. 44, 950–956.
Barna, S. L., Tate, M. W., Gruner, S. M. & Eikenberry, E. F. (1999).
Calibration procedures for charge-coupled device X-ray detectors. Rev.
Sci. Instrum. 70, 2927–2934.
Blum, M., Metcalf, P., Harrison, S. C. & Wiley, D. C. (1987). A system for
collection and on-line integration of X-ray diffraction data from a
multiwire area detector. J. Appl. Cryst. 20, 235–242.
Charpak, G. (1982). Parallax-free, high-accuracy gaseous detectors for
X-ray and VUV localization. Nucl. Instrum. Methods, 201, 181–192.
Datte, P., Beuville, E., Millaud, J. & Xuong, N.-H. (1999). A digital pixel
address generator for pixel array detectors. Nucl. Instrum. Methods
Phys. Res. A, 421, 492–501.
Eikenberry, E. F., Tate, M. W., Bilderback, D. H. & Gruner, S. M. (1992).
X-ray detectors: comparison of ﬁlm, storage phosphors and CCD
detectors. Inst. Phys. Conf. Ser. 121, 273–280.
Farrell, R., Vanderpuye, K., Cirignano, L., Squillante, M. R. & Entine, G.
(1994). Radiation detection performance of very high-gain avalanche
photodiodes. Nucl. Instrum. Methods Phys. Res. A, 353, 176–179.
Fujita, H., Tsai, D.-Y., Itoh, T., Doi, K., Morishita, J., Ueda, K. &
Ohtsuka, A. (1992). A simple method for determining the modulation
transfer-function in digital radiography. IEEE Trans. Med. Imaging,
11, 34–39.
Gramsch, E., Szawlowski, M., Zhang, S. & Madden, M. (1994). Fast, highdensity avalanche photodiode-array. IEEE Trans. Nucl. Sci. 41, 762–
766.
Gruner, S. M., Milch, J. R. & Reynolds, G. T. (1978). Evaluation of area
photon detectors by a method based on detective quantum efﬁciency
(DQE). IEEE Trans. Nucl. Sci. NS-25, 562–565.
Hall, G. (1995). Silicon pixel detectors for X-ray diffraction studies at
synchrotron sources. Q. Rev. Biophys. 28, 1–32.

7.1.4. Future detectors
Commercially available X-ray detectors have evolved from X-ray
ﬁlm and point diffractometry to area gas-proportional counters,
to image plates, and now to CCD detectors. Two new X-ray
detector technologies are on the horizon. One is based on the
large-area amorphous semiconductors and thin-ﬁlm transistor
arrays which are being intensively developed by many large
companies for medical radiography (reviewed by Moy, 1999). The
radiographic need is to be able to cover very large areas (e.g.
0.5 m2) with a high-spatial-resolution detector that is sensitive to
Copyright © 2012 International Union of Crystallography

181

7. X-RAY DETECTORS
Moy, J.-P. (1999). Large area X-ray detectors based on amorphous silicon
detector. Thin Solid Films, 337, 213.
Rehak, P., Walton, J., Gatti, E., Longoni, A., Sanpietro, M., Kemmer, J.,
Dietl, H., Holl, P., Klanner, R., Lutz, G., Wylie, A. & Becker, H. (1986).
Progress in semiconductor drift detectors. Nucl. Instrum. Methods
Phys. Res. B, 248, 367–378.
Rossi, G., Renzi, M., Eikenberry, E. F., Tate, M. W., Bilderback, D.,
Fontes, E., Wixted, R., Barna, S. & Gruner, S. M. (1999). Tests of a
prototype pixel array detector for microsecond time-resolved X-ray
diffraction. J. Synchrotron Rad. 6, 1096–1105.
Sarvestani, A., Besch, H. J., Junk, M., Meissner, W., Pavel, N., Sauer, N.,
Stiehler, R., Walenta, A. H. & Menk, R. H. (1998). Gas amplifying hole
structures with resistive position encoding: a new concept for a high rate
imaging pixel detector. Nucl. Instrum. Methods Phys. Res. A, 419, 444–
451.

Hamlin, R., Cork, C., Howard, A., Nielsen, C., Vernon, W., Matthews, D.
& Xuong, N. H. (1981). Characteristics of a ﬂat multiwire area detector
for protein crystallography. J. Appl. Cryst. 14, 85–93.
Iles, G., Raymond, M., Hall, G., Lovell, M., Seller, P. & Sharp, P. (1996).
Hybrid pixel detector for time resolved X-ray diffraction experiments at
synchrotron sources. Nucl. Instrum. Methods Phys. Res. A, 381, 103–
111.
Krause, K. L. & Phillips, G. N. Jr (1992). Experience with commercial area
detectors: a ‘buyer’s’ perspective. J. Appl. Cryst. 25, 146–154.
Ludewigt, B., Jaklevic, J., Kipnis, I., Rossington, C. & Spieler, H. (1994).
A high-rate, low-noise, X-ray silicon strip detector system. IEEE Trans.
Nucl. Sci. 41, 1037–1041.
Milch, J. R., Gruner, S. M. & Reynolds, G. T. (1982). Area detectors
capable of recording X-ray diffraction patterns at high count rates.
Nucl. Instrum. Methods, 201, 43–52.

182

references

