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Last winter we started new project «The development of precise 
tomography technique». 
Our goal: To develop the technique which allows to reconstruct the 
internal structure of wide range objects without its destruction, with 
high spatial resolution and with small radiation dose.

It is important for materials science, crystallography, biology, solid state 
physics, chemistry,  earth science, anthropology, fast processes physics.

 

Layout of experimental setup for examination 
thin scintillator films.

Thin scintillation film Thick structured scintillator

Spatial resolution

Exposure time



2. Thin CsI:Tl films: performance and properties

CsI:Tl scintillation films were manufactured by the 
thermal deposition method. 

Substrates: glass (150 mkm), 
                 Mylar (DuPont, 2.9 mkm) 
                 saphir (800 mkm)

Thickness of CsI:Tl films: 2-10 mkm

25 mm

Schematic of the thermal evaporation setting

680 ०C

22 ०C

P = 5×10-3 Pa

The average velocity of deposition of CsI:Tl 
= 17 Å/sec.

The scintillator volume is characterized by 
grain structure.

The grain structure depends on the type of 
used substrate and on the velocity of CsI:Tl 
deposition.
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Mylar substrate Glass substrate. V(evaporation)=17 ang/s.

Glass substrate. V(evaporation)=10 ang/s. Glass substrate. V(evaporation)=25 ang/s.

5 mkm
20 mkm

20 mkm20 mkm



2. Thin CsI:Tl films: performance and properties (MTF)

Additional carbon layer was performed by magnetron deposition method. Required carbon 
thickness is about 150 nm.  Light output decreases by 2-3 times.

substrate
Incident X-ray

Optical detector

The additional carbon layer removes the multiple scattering of visible photons inside 
scintillator.

C

CsI:Tl
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Computer tomography

The array of proections, obtained by 
the rotating of sample



3. CsI:Tl films for X-ray Imaging

3D image of ancient hair from Ak-Alaha tomb (Altai, plateau Ukok). E = 9 keV.
A hollow hair is unsuitable for genetic analysis. The goal of the investigation is to find not 
damaged regions.



3. CsI:Tl films for X-ray Imaging

3D tomography of drosophila. E = 9 keV. 
Nrotation = 180.  Texposure = 3 s. 



3. CsI:Tl films for X-ray Imaging

The imaging of multicomponent high-energy fuel with X-ray energies 
E = 6.537 keV (a) and E = 6 keV (b)

The difference Fig.a - Fig.b.

The energy of Mn K-edge EMn
K = 6.29 

keV

The contrast area corresponds to Mn 
element.



The imaging of dense objects using monochromatic X-ray beams

3. CsI:Tl films for X-ray Imaging

Diamond crystal topography



The tomography of dense objects using monochromatic X-ray beams

3. CsI:Tl films for X-ray Imaging

1.5 mm

      Chebarkul meteorite 3D image of meteorite 
essentially represents a density 
map of the sample, from which 
one can extract the sizes, 
shapes, textures, and locations 
of individual inclusions. 3D 
models of the samples reveal 
clearly the spatial
relationships between metal 
incisions (red color) and their 
surroundings. This may be to 
give the key to understanding
the thermal processes occurring 
in the meteorites during to 
propagation in Earth 
atmosphere.



The local tomography of dense objects using monochromatic X-ray beams

 rock

3. CsI:Tl films for X-ray Imaging

5 mm

3D image of selected area inside compound detail which is applied in aerospace technology.

The shown structure demonstrates high 
quality of its performance due to 
homogeneous distribution of different 
components without cracks and pores.



The local tomography of dense objects using polychromatic X-ray beams

3. CsI:Tl films for X-ray Imaging

   rock



It was demonstrated that CsI:Tl provides, in principle, better detective quantum efficiency and spatial 
resolution than powder phosphors and gas detectors. (Med. Phys. 31, 9 (2004), Med. Phys. 35, 968 
(2008))

«The x ray sensitivity is found to be only 2.5%–4.5% of a commercial CsI  layer of similar thickness, 
thus very low. This work shows that scintillator  filled pore arrays can provide x ray imaging with high 
spatial resolution, but are not suitable in their current state for most of the applications in medical 
imaging, where increasing the xray doses cannot be tolerated.»

Thick structured CsI:Tl screens

 



Conclusion

 ➤ The methodics of performance of thin CsI:Tl  films was developed.

 ➤ The performance of thick CsI:Tl  structured screens was initiated.

 ➤We plan to develop portable X-ray tomograph for fast and precise 
imaging of wide range objects from 10 mkm of biological tissue up to 10 
cm of dense rock.
 



3. CsI:Tl films for X-ray Imaging

Performed  CsI:Tl films allow to make radiography in wide X-ray energy region [5-100] keV. 

butterfly eye

0.5 mm

texposure = 3 s
E = 7 keV
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