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X-ray Detectors
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Lectures Outline

• Intro to photon counters & integrators
• General detector characteristics & evaluation

DQE & uncertainty
Spatial resolution, etc.

• Some photon counters in detail
Scintillator/phototube combinations
Gas counters

• Some integrating detectors in detail
Film
Image plates
CCD detectors

The quantum signal chain
Designing detectors

• Semiconductor Detectors
Si(Li) & Ge(Li)
Silicon drift detectors
Direct detection CCDs
Pixel Array Detectors (hybrids)



Detectors I   

4Cornell University
Physics Department & CHESS

Counters vs. Integrators
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Characteristics and Metrics

Useful references
Calibrations:  Barna et al., Rev Sci Instr 70 (1999) 2927.
CCD Detector review: Gruner et al., Rev Sci Instr 73 (2002) 2815.
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DQE
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General Features of the DQE
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Example DQE Curves

Gruner et al., IEEE Trans Nuc. Sci. NS-25 (1978)562

Tate et al., J. Appl. Cryst. 28 (1995) 196
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DQE  ≤ 1
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DQE  ≤ 1

Tate et al., J. Appl. Cryst. 28 (1995) 196
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The Accuracy
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The Accuracy

Gruner & Milch, Trans. ACA, 18(1982)149.
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Detector Resolution
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PSF

Both the short range and the long range PSF are important depending on the problem. 
The long range PSF requires a physical mechanism for spreading signal around, e.g.,

• Light scatter in lens-coupled detectors
• Light scatter in fiber optics with insufficient EMA
• Electron scatter in image intensified detectors.

Short and Long range PSF for a SIT detector. From Gruner et al., Rev Sci Instr 49 (1978) 1241
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PSF Application Examples

Diffraction of Staphlococcal nuclease crystal.

Wall et al., Proc Natl Acad Sci USA, 94 (1997) 6180.

Long range PSF doesn’t hurt: Classical protein 
crystallography. Bragg spots are locally 
integrated and a local background measured and 
subtracted. So bkgnd signal due to long range 
PSF is subtracted.

Long range PSF is fatal: Analysis of the liquid-like 
motions of the protein via measurement of the 
diffuse scatter between Bragg spots. This scatter 
is 10-4 the intensity of the Bragg spots. So long 
range PSF of the Bragg spots wipes out this very 
weak scatter. 
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Stopping Power
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Dynamic Range
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Dynamic Range
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“Dynamic Range” is Ambiguous
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A Detector is only as good as its calibration
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Calibrating to more than 0.5% is VERY hard
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Simple Test for Calibration
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Many Practical Considerations…
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Photon Counters
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Gas Filled Wire Counters

Hamlin et al., J. Appl. Cryst. 14 (1981)85



Detectors I   

27Cornell University
Physics Department & CHESS

Hamlin et al., J. Appl. Cryst. 14 (1981)85

Gas Filled Wire Counters
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Gas Filled Wire Counters
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A Gas Electron Multiplier 
(GEM) (F.Sauli, NIM A386 
531 1997) uses ~50 μm 
thick kapton foil, copper 
clad on each side and 
perforated by an high 
surface-density of bi-
conical channels.

70 µm 140 µm 50 µm

300 - 500 V across the two copper 
sides produces an electric field as 
high as 100 kV/cm. The holes then 
act as multiplication channels.

transfer

amplification
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Thanks to INFN, Pisa

GEM Detectors

20 ns

α E

X photon (E)

PCB

GEM

pixel

conversion
gain

collection



Detectors I   

30Cornell University
Physics Department & CHESS

cathode

GEM fo il

Read-out PCB
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GEM Detectors


