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Abstract  

This work presents spectroscopic X-ray measurement using a TimePIX hybrid silicon pixel 

detector. The goal was to distinguish between different materials due to their response to X-ray 

photon energy. An incident tube spectrum was split into three channels utilizing detector energy 

thresholds. The object under examination was tomographically reconstructed for each energy bin 

separately. Each bin was colorized using one red, one green and one blue color (RGB coding),  

providing us with a 3D approximation with respect to material composition.  
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1 Introduction 
Spectroscopic x-ray imaging is one of the most important techniques used for the determination 

of materials. Such imaging in our work is based on new generations of semiconductor detectors 

(MediPix/TimePix). These detectors have the ability to measure particle energy, have a high 

degree of detection efficiency, have low dead time and a noiseless signal, and are able to work at 

room temperature. These unique properties make them suitable tools in the field of spectroscopic 

x-ray imaging [1].  

The signal obtained from each detector pixel is controlled by a threshold value (THL), which in 

turn can be easily set by the Pixelman [2] operating software, with the threshold parameter 

playing a role in spectroscopic imagining, as it provides us with a selection of photon energy. 
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Given that each detectable signal is the sum of charges that have been released by the interaction 

between the incoming photon and sensor material in the area associated with a given pixel, and if 

we take in account that the dominant x-ray attenuation mechanism for low photon energy (< 200 

keV) is the photoelectric effect, this leads us to understand that the signal in each pixel is 

proportional to the energy of the photon that is interacted with. 

In the presented paper, data for the spectroscopic (color) tomography of the electronic device 

(track) was acquired using a TimePix silicon detector. The detector was operated in counting 

mode, while the spectral images were achieved recording several images with different 

thresholds. Thus the contrast for different materials in the sample was enhanced as a result of the 

different photon attenuation. 
 

1.1 TimePix Detector  
 

The TimePix hybrid silicon detector is a semiconductor imaging device for ionization particle 

detection and measurement, which was developed within the framework of the MediPix 

collaboration at CERN. The TimePix detector consists of a sensor layer (with a variety of 

possible thicknesses and materials), bump-bonded to a pixelated electronic read-out chip. The 

sensitive area is segmented into 256𝑥256 pixels, with a pitch of 55𝜇𝑚 and a total sensitive area 

of about 1.98𝑐𝑚2 [3]. 

Each pixel acts as an ionizing chamber and consists of an analog part (Preamplifier, 

discriminator) and a digital part (clock_Read, clock_reference). It can be operated in counting 

mode (one count for each signal over the threshold), time over threshold (particle energy 

measurement), or time of arrival. 
 

1.2 Experimental System and Methods 
 

The experimental system used for the presented measurements consists of: 

1-  X-ray tube FineFocus (FXE-160.51), operated in Micro focus mode with a focal spot size 

< 2.5 m at (70𝐾𝑉 𝑎𝑛𝑑 60 µ𝐴), and a tungsten anode. 

2- Large area detector composed of 4x5 TimePix tiles with 300𝜇𝑚 thick endless silicon 

sensors. The total resolution of the detector is 1280 x 1024 pixels (1.3 Megapixels), while 

electronic and software acquisition uses a single FITPix 3.0 module [4]. 

2 Measurements and Methods 

An electronic track from the electric sector was chosen for taking measurements (various 

materials with well-defined geometry). A set of projections therefor were taken at different THL 

values corresponding to three energy channels: 7-70 keV, 12-70 keV and 16-70 keV. For each 

energy channel, a reconstructed volume was built, and then by subtracting the volumes from one 

another we obtained three differential volumes, and we then denoted each volume using a 

different color. So the first volume is for energy bin between 7-12 keV denoted in red, the 

second volume for energy bin 12-16 keV denoted in green, and the third was taken without 

subtraction of other volumes to present the whole X-ray spectrum between 16-70 keV and 

denoted in blue. 

From these differential volumes, we were able to obtain the spectroscopic tomography volume of 

the sample as seen in Figure 1 left. Standard tomography is visualized in Figure 1 right, for 

comparison.  



         

Figure 1- Tomographic reconstruction of the track- based on spectroscopic tomography 

(left), based on standard tomography (right). 

3 Results and Discussion 

Generally, for standard x-ray tomography, the validity of the Lambert Law describing linear 

attenuation is assumed: 𝐼 = 𝐼0𝑒−𝜇.𝑥. Consequently, the reconstructed object consists virtually of 

just one material with various density. From this point, determination of material based on 

standard tomography is rather problematic. However, with spectroscopic tomography, it is easier 

to distinguish between different materials, as shown in Figures 1 (left) and 2 (left), where we can 

estimate further details about the composition of materials according to the color majority in the 

definite area. the comparison between two reconstructed volumes based on different methods in 

Figures 1, 2 show us that materials which have similar attenuations factors are colored in the 

same colors based on Standard tomography, for examples capacitors, copper pads and tin balls  

have the same red color, but these components have different color based on spectroscopic 

tomography. Different materials are visible in Figures 1, 2 on the left corresponding to various 

parts - capacitors, resistors, Silicon and copper pads. It is visible that each object has a different 

color from the other objects, while the copper pads are colored more red which denotes photons 

energy in the range between 7-12 keV and some green denoted the energy range between 12 and 

16 but the effect of blue is so small, the capacitors are colored more green and some blue but red 

is so small like not exists, and the basement of the IC which made from Silicon is more blue and 

yellow without any red. Also we could find other colors in Figure 1 on the left, for examples the 

two yellow balls which probably some tin used to fix the battery holder.  

So it is quite clear from Figure 1 and 2 that we were able to ascertain a material decomposing 

based on spectroscopic tomography analysis.  



        

Figure 2- IC of the sample, surrounded by copper pads capacitors and resistors. On the left 

spectroscopic tomography, on the right standard tomography.  

4 Conclusion 

In this paper, we provide an overview of the decomposition of materials based on spectroscopic 

tomography. However, due to the inefficiency of the silicon detector used for these 

measurements with respect to high-energy photons, we were unable to choose higher energy bins 

for such analysis. The results look promising for material analysis based on the presented 

method; we were able to identify a real difference in color between the different materials, which 

was based not on radiography analysis, but on tomographic analysis. In future, using other 

detector sensors with higher efficiency, like CdTe detectors, even more detailed information will 

be conveyed to us about material composition. 
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