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Extended Abstract 
 
The main advantage of line detector arrays (LDAs) for higher X-ray energies is a 
reduction of the unwanted scatter radiation that is superimposed onto the useful 
information of the X-ray image. Due to combined beam hardening and scatter 
correction by software, digital detector array (DDA) images have come closer to 
traditional LDA images in the energy range above 400 keV. For energies above 1 MeV 
LDAs are still the first choice for most applications.  
On the other hand, LDAs also stand to gain in quality from improved geometry, more 
efficient scintillators, low-noise electronics and improved calibration procedures. For 
larger objects the dynamic range (DR) is the most important factor and here LDAs can 
gain from the much higher efficiency of the scintillator and well-adapted electronics 
with more than 100 dB DR range. 
 
The noise and the DR of radiography systems have been analyzed several times. In most 
cases only individual components of the image chain or different detector types were 
investigated [1,2]. More often the investigations were related to medical applications [3] 
with rather low X-ray energies. High energy radiography systems with energies 
≥ 450 kVp have also been investigated, but without consideration of the DR [4]. 
 
An indirect conversion LDA with 254 µm pixel pitch and a scintillator made of 
separated CdWO4 slices under irradiation of a 450 kV X-ray source was investigated 
considering the main noise sources of the digital radiography system (Fig. 1). 

 

 
Figure 1. Main noise sources of the digital radiography system 

 
(A) The Monte Carlo (MC) simulation system BEAMnrc [5,6] with underlying EGSnrc 
code system from the National Research Council Canada was used to model the 
emission spectrum of a 450 kV X-ray tube with an 11 degree tungsten target. The 
variance of the photon noise was then calculated from this spectrum. Measurements 
with a high purity germanium spectrometer were carried out at the Bundesanstalt für 
Materialforschung und -prüfung (BAM) in Berlin, Germany, to validate the simulation. 
 

M
or

e 
in

fo
 a

bo
ut

 th
is

 a
rt

ic
le

: 
ht

tp
://

w
w

w
.n

dt
.n

et
/?

id
=

22
70

2



 P a g e  2 | 3 

(C) The X-ray spectrum was combined with a simulation of the energy deposition inside 
the scintillation material modeled with the MC simulation code McRay [7] developed 
by BAM. At this point, different separating materials like aluminum, tin and copper 
were considered, as well as straight and curved geometry and different thicknesses of 
the scintillator slices. In the absence of a comprehensive simulation model for the 
conversion mechanisms of X-ray photons to optical photons inside the scintillator, the 
result of the McRay simulation was multiplied by the light yield of CdWO4 and was 
then applied to its emission spectrum. Again, the standard deviation of the photon noise 
was calculated.  
 
(D) The resulting emission spectrum was multiplied by the responsivity of the 
photodiode array to receive the generated current. Considering the exposure time of the 
detector the signal value was calculated. 
 
This procedure was repeated for different X-ray spectra resulting from various materials 
and material thicknesses put inside the X-ray beam to determine the maximum 
radiographed material thickness and the limiting component of the digital radiography 
system.  
 
(E) The total noise of the read-out electronics was measured without irradiation for 
various exposure times and range selection capacitors to determine the maximum 
achievable DR (signal-to-noise ratio). Theoretically, a DR of 96 dB can be achieved 
with 16 bit electronics and 120 dB with 20 bit. If one bit noise is assumed the DR will be 
reduced to 90 dB for 16 bit and 114 dB for 20 bit, respectively. 
The 20bit reference electronics showed DR values greater or equal to 101 dB. First sets 
of in-house developed electronics started with 80 dB and were improved over the course 
of time to 90 dB and up to 100 dB.  
The higher DR would be able to a) extend the inspected material range by ~10 % or b) 
an inspection of ~500 mm aluminum that would need 600 keV and 16 bit DR could be 
done with 450 keV and 18 bit DR (Fig. 2). 

 
Figure 2. Relation between the dynamic range of read-out electronics and inspected material 

thickness for monoenergetic energies and one bit noise 
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For practical demonstration images were acquired with the LDA and compared with 
scatter corrected DDA images. Using these images it will be demonstrated, that with the 
new technology, there are yet again a large number of applications where LDAs are the 
first choice of detector for X-ray energies above 400 keV.  
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