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The polymer/67at %(As2S3)0,985(Bi2Se3)0,015:33 at.% As2Se3 structure for X-ray imaging 
has been investigated. The possibility of registering relief-phase images for radiation of 
“white” spectrum of tungsten anode X-ray tube was shown. 
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1. Introduction  
  
Chalcogenide glassy semiconductors (CGS) of As-Se-S system exhibit a large 

implementation range, including optical information recording applications. CGS are sensitive 
materials to surface relief formation (mass-transport effect) under laser illumination [1-2], 
electron-beam recording [3-5], photoinduced transformation (photodarkening, photorefraction) [6-
8], and as photoresist materials sensitive in UV-visible regions [9]. The photo-thermoplastic 
carriers, based on CGS [10], have high values of resolution power - up to 4000 mm-1 [11], 
diffraction efficiency - up to 40% [12], and 1–3 s real-time image formation [13]. The As2S3 thin 
films, as photoresists for X-ray photolithography, were investigated in [14-15]. The maximum 
sensitivity of As2S3 for X-ray photolithography is in the spectral range of 2-7 nm [14]. The use of 
As2S3 thin films as photoresists in the wavelength range of 0,1-0,6 nm requires large exposure 
times due to their low sensitivity in this spectral range. The polymer/As-Se-S-Sn structure to be 
used for X-ray imaging is presented in [16], showing the As-Se-S-Sn system X-ray sensitivity 
(λ=0,154 nm). The same studies were care out for the polymer/ As-Se-S-Te structure in [17]. This 
work aimed the investigations on Bi-doped As-Se-S chalcogenide glassy semiconductors for X-ray 
imaging applications. 

 
 
2. Experimental setup 
 
The carriers for X-ray imaging (Fig.1a) were obtained as a multilayer structure using 

vacuum technologies [18-19]: the flexible polyethylene terephthalate film (PET) substrate (1) was 
covered with a semitransparent chrome electrode (2), the sensitive layer (3) based on 
67at%(As2S3)0,985(Bi2Se3)0,015:33at.% As2Se3 with a thickness of 4,2 µm was deposited onto the metal 
electrode, and the0,6 µm thick thermoplastic layer of polyepoxypropylcarbazole (4) was deposited 
onto the semiconductor layer.  
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Fig. 1 a) 1. Polyethylene terephthalate film, 2. Chrome electrode, 3.Semiconductor layer of 
67at%(As2S3)0,985(Bi2Se3)0,015:33at.% As2Se3, 4. Thermoplastic layer, 5. Microwire, 

6. X-ray beam; b) Visualization of recorded image. 
 
 
The X-ray setup based on a W tube (voltage 50 kV, current 50 mA) was used for sample 

irradiating. The samples were studied under continuous X-ray spectrum irradiation of the (also 
called “white” spectrum). The 447 nm monochromatic laser radiation was used for registration in 
the visible spectral regionp. The wires, having a diameter of starting from 30 µm down to 6 µm 
were used as masks for X-ray image recording. The wire was placed onto the surface of the 
thermoplastic layer (5, Fig.1a) and irradiated with X-ray or visible irradiation (6). The carrier is 
removed from the X-ray chamber after irradiation for the next step of image visualization [16-17, 
20]. After irradiation, the carrier is heated up to a viscous state of the thermoplastic layer (T=780C) 
in the dark and charged for 2,5-3,2 s by use of high voltage (7,8 kV) corona charging (Fig.1b) [16-
17]. The surface of the thermoplastic layer is charged with positive air ions (Fig.1b). As it was 
shown in [16-17], the conductivity of the semiconductor layer in the irradiated areas is higher due 
to the change in resistivity under irradiation. A relief-phase image of the registered object is being 
formed under the Coulomb interaction between positive charges on the surface of thermoplastic 
and negative charges in the semiconductor layer. The interaction between charges causes 
deformations of the thermoplastic layer in irradiated areas [10]. 

 
 
3. Results 
 
The polyepoxypropylcarbazole was used as the thermoplastic layer in these experiments, 

unlike the studies presented in [16-17], where butylmetacrylate-styrene was used. 
Polyepoxypropylcarbazole has a higher plasticity compared to butilmetacrylate-styrene, which 
increases the resolution of the photothermoplastic process [21-22]. Fig.2a shows the microscope 
image of two crossed tungsten wires with a diameter of 30 µm which were used as masks (5, 
Fig.1). The image was recorded using the continuous spectrum of tungsten X-ray tube (absorbed 
dose 1,82 Gy). Thermoplastic visualization (Fig.1b) was carried out at a temperature of T=780C 
and charging time t=3,2 s. After the visualization, the images were studied by use of an optical 
microscope in reflected light (1200x magnification). 
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Fig.2 a) Microscopic image of tungsten wires with a diameter of 30 µm, b) AFM image of  

the wires crossing area, c) Thermoplastic deformation profile 
 

 
The thermoplastic process forms a negative image of the initial object, due to the 

deformation of the thermoplastic layer in irradiated areas. A part of the image (crossed wire area) 
was investigated using the Atomic Force Microscopy (AFM) (Fig.2b). The selected part of the 
image covers both irradiated and non-irradiated areas. The surface profile (longitudinal white line 
along the image) shows an approximately 0,1 µm average depth considering irradiated and no 
irradiated areas (Fig.2c). 

As a comparison (to X-rays) tool, carriers were investigated for visible light imaging. 
Similar to the previous experiments, the carriers were illuminated through a mask with 
monochromatic radiation (447 nm) at 45 mW/cm2 incident power. Thermoplastic visualization 
was carried out under the same conditions as X-rays imaging. The images with a good contrast 
were obtained at an exposure power of 230 mJ/cm2.  

The following experiments were carried out by use of smaller diameter wires. Fig.3 shows 
the X-ray image of the 6 µm (diameter) tin wire. 
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Fig.3 X-ray image of the tin wire with a diameter of 6 µm recorded at an absorbed dose of 1,78 Gy. 
 

 
The image was recorded using the continuous spectrum of X-rays tungsten tube (absorbed 

dose 1,78 Gy). Thermoplastic visualization (Fig.1b) was carried out at a temperature of 780C and 
charging time t=2,4 s. The visualization was followed by a study on the images by use of optical 
microscope in reflected light (magnification of 1200x). The 6 µm (diameter) wire was the smallest 
object which could be recorded in these investigations. A part of the image was investigated using 
the AFM (Fig.4).  

 
 

      

 
 

Fig. 4. AFM image of the tin wire with a diameter of 6 µm. 
 
 
The AFM image shows the presence of the thermoplastic layer deformation in irradiated 

areas and the absence of deformation in the non-irradiated ones (Fig.4a). The surface profile 
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(white line Fig.4a) shows a 30 nm average depth between irradiated and non-irradiated areas 
(Fig.4b). Fig.4c shows a three-dimensional image of the selected area with deformation in the 
irradiated areas and no deformation in the non-irradiated ones. 

The effect of photostructural changes (photodarkening, photorefraction) in chalcogenide 
glassy semiconductors under optical radiation is well known from different references [1, 23–24]. 
This effect was not observed during the X-ray irradiation of the investigated carriers. Measurement 
of the optical transmission spectral dependence before and after X-ray irradiation at an absorbed 
dose up to 1,78 Gy showed no changes in the transmission of the investigated samples.  

 
 
4. Discussions 
 
The investigations carried out showed the presence of sensitivity of the chalcogenide 

glassy semiconductors of the 67at%(As2S3)0,985(Bi2Se3)0,015:33at.% As2Se3 system to X-rays for 
imaging use. The deformation of the thermoplastic layer in the irradiated areas takes place under 
irradiation by a continuous spectrum of tungsten X-ray tube. This indirectly indicates the presence 
of structural changes in the semiconductor layer under X-ray irradiation, the latter causing the 
semiconductor layer’ resistivity modulation [16-17]. However, no change in the optical 
transmittance in the 67at%(As2S3)0,985(Bi2Se3)0,015:33at.% As2Se3 layer under X-rays irradiation at an 
absorbed dose of 1,8 Gy (continuous spectrum tungsten anode tube) was detected. One can note, 
that similar results were presented as well in [16-17] for chalcogenide glassy semiconductors of 
the As-Se-S system doped by Sn and Te. Some changes in the optical properties of CGS was 
found under the γ-radiation [25–26], but the darkening of the layers of As-S was observed under   
hard γ-quanta (1,25 MeV) irradiation and at high radiation doses - up to 10 MGy [25–26]. 

The resolution power of photothermoplastic carriers based on the 
polyepoxypropylcarbazole/As-Se-S structure reaches values up to 4000 mm-1 [11]. It was not 
possible to register an X-ray image of a wire smaller than 6 µm in diameter (in given experiments). 
Thermoplastic visualization of X-ray images of W wires with diameters of 30 µm was carried out 
at temperature T=780C and charging time of 3,2 s. The average depth between irradiated and non-
irradiated areas (0,1 µm) was obtained (Fig.2c). The thermoplastic visualization of X-ray images 
of tin wire with diameter of 6 µm was carried out at 780C and charging time of 2,4 s. he average 
depth in-between irradiated and non were just 30 nm (Fig.4b). An increase in the charging time 
more than 2,4 s, causes a complete loss of the image sharpness. The deformation occurred both in 
irradiated and non-irradiated places. However, a high resolution in optical recording [11] was 
obtained for a high-contrast interference pattern formed by plane-parallel monochromatic laser 
beams. In the carried out experiments, the contact registering method was used, which considers 
the wire (as a mask for X-ray recording) to be placed onto the surface of the thermoplastic layer. 
By use of this design, the wire is 0,6 µm (thermoplastic layer thickness) from the semiconductor 
layer (Fig.1a). Unlike the optical recording [11] a wide spectral range of X-rays (“white” spectrum 
a tube with a W anode) is used for images recordings in this work. Also, the X-ray beam is not 
perfectly parallel, as in the holographic recording. It can be assumed that these factors partially 
influenced the X-ray recording process. 

 
 
5. Conclusions 
 
The polyepoxypropylcarbazole/ 67at%(As2S3)0,985(Bi2Se3)0,015:33at.% structure makes it 

possible to record X-ray images using the continuous spectrum of X-ray tube with tungsten anode 
and laser radiation with a wavelength of 447 nm. 

It was possible to register an X-ray image of a tin wire with a diameter of 6 µm at this 
stage of research. It can be assumed that this is not the limiting resolution of the 
polymer/chalcogenide glassy semiconductor structure. It was not technically possible to use a 
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well-collimated X-ray beam in these studies. The resolution power of the 
polyepoxypropylcarbazole/ 67at%(As2S3)0,985(Bi2Se3)0,015:33at.% structure (as well as similar 
structures based on As-Se-S doped with Sn and Te [16-17]) requires more detailed studies, which 
is the goal of further research. 
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