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Chalcogenide glassy semiconductors of the system As-Se-S
doped by Te for X-ray imaging
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The polymer/ As-Se-S-Te structure for X-ray imaging has been investigated. The
possibility of registering relief-phase images for radiation of “white” spectrum and
2=0,154 nm of Cu anode X-ray tube was shown.
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1. Introduction

A wide range of carriers and methods for recording optical information was developed and
studied based on the chalcogenide glassy semiconductors (CGS) of the system As-Se-S. The
photo-thermoplastic carriers, based on CGS, for real-time holography [1] have high values of
resolution power - up to 4000mm™ [2], diffraction efficiency - up to 40% [3], and the time of the
image formation 1-3 s [4]. CGS are sensitive materials to electron-beam recording [5-7],
photoinducted transformation (photodarkening, photorefraction) [8-10], and as photoresist
materials sensitive in UV-visible regions [11]. The surface relief formation (mass-transport effect)
in the glassy materials of the system As-Se-S under laser illumination was studied in works [12-
13]. The As,S; thin films, as photoresists for x-ray photolithography, were studied in works [14-
15]. The maximum sensitivity of As,S; for X-ray photolithography is in the spectral range A=2-7
nm [14]. In [15], As,S; thin films were studied as photoresists in the wavelength range A=0,1-
0,6nm, where their sensitivity is lower and large exposures are required. X-ray imaging studies
using the polymer/As-Se-S-Sn structure are presented in work [16], which shows the sensitivity of
As-Se-S-Sn to X-rays A=0,154nm. This work aimed to study chalcogenide glassy semiconductors
of the system As-Se-S doped by Te for x-ray imaging.

2. Experimental setup

The carriers for X-ray imaging were obtained as a multilayer structure (Fig.1a): the
flexible polyethylene terephthalate film (PET) substrate (1) was covered with a semitransparent
chrome electrode (2), the sensitive layer (3) based on (As;Ses)os(AS2S3)0,188 T €0,012 With a thickness
of 3,5um was deposited onto the metal electrode by vacuum thermal deposition [17], and the
thermoplastic layer of butilmetacrylate-styrene (4) with a thickness of 0,6 pm was deposited on the
semiconductor layer.
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Fig. 1. (a) 1.Polyethylene terephthalate film, 2. Chrome electrode, 3.Semiconductor layer, 4.
Thermoplastic polymer, 5. Brass mesh, 6. X-ray beam; (b) Visualization of recorded image.

The X-ray installation based on a tube with a copper anode (voltage 45 kV, current 40
mA) was used for irradiating the samples. The samples were studied under two types of
irradiation: the copper anode tube spectrum without any filters (the continuous spectrum of X-ray,
or “white” spectrum near to A~0,027-0,25 nm) and a parallel X-ray beam close to the
monochromatic wavelength of A=0,154 nm. The monochromatic laser radiation A=632,8nm was
used for registration in the visible region of the spectrum. A brass mesh was used as a mask for x-
ray image recording. The mask was placed onto the surface of the thermoplastic layer (5, Fig.1a)
and irradiated with visible or X-ray irradiation (6). Unlike the photothermoplastic process, when
illumination and registration are carried out simultaneously [18], the carrier is removed from the
X-ray chamber after irradiation for the next step of image visualization [16, 19]. After irradiation
the carrier is heated up to a vicious state of the thermoplastic layer (T=68°C) in darkness and
charged for 1,8-2,5 s with a high voltage (7,7 kV) corona charging (Fig.1b) [16]. The surface of
the thermoplastic layer is charged with positive air ions (Fig.1b). The conductivity of the
semiconductor layer in the irradiated areas is higher due to the change of resistivity under
irradiation [16, 19]. Positive charges on the surface and negative charges in the semiconductor
layer deform the thermoplastic under the Coulomb interaction [1] and a relief-phase image of the
registered object is formed [4].

3. Results

Fig.2a shows the zoomed image of the brass mesh that was used as a mask (5, Fig.1). The
images were recorded using the continuous spectrum of X-rays. The X-ray beam size was
5x20mm. Thermoplastic visualization (Fig.1b) was carried out at temperature T=68°C and
charging time t=1,8s. After the visualization, the images were studied on an optical microscope in
reflected light.
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Fig. 2. (a) The brass mesh, used as a mask, b) X-ray image recorded at absorbed dose of 1,6 Gy, (c)
X-ray image recorded at absorbed dose of 0,64 Gy.

Fig. 2b shows the image of a brass mesh obtained at an absorbed dose of 1,6Gy. As shown
in Fig.2b, the thermoplastic process forms a negative image of the initial object, due to the
deformation of the thermoplastic layer in irradiated areas. The following experiments were carried
out with a decrease of the absorbed dose to the minimum sensitivity of the studied carriers. Fig.2c
shows the image of a brass mesh obtained at an absorbed dose of 0,64 Gy and charging time t=2,5
s. The image shows an increase of noise in both irradiated and non-irradiated areas. The image has
low contrast, but it is still possible to distinguish the outlines of the initial object on the registered
image.

The following experiments were carried out with a parallel X-ray beam close to the
monochromatic wavelength of A=0,154 nm. Fig.3a shows an image of a brass mesh obtained at an
X-ray exposure of 24,6 J/cm? Thermoplastic visualization (Fig.1b) was carried out at temperature
T=68°C, voltage 7,7 kV, and charging time t=1,8 s. Fig.3b (the top of the image) shows the edge
of one of the squares of the mesh obtained at an optical magnification of 1200%. A part of the
image (a black square with an arrow) was investigated using the AFM. The selected part of the
image covers both irradiated and non-irradiated areas.
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Fig. 3. (a) X-ray image recorded at exposure of 24,6 J/cm?, (b) AFM image, (c) 3D image.

The AFM image of the selected area shows the presence of deformation of the
thermoplastic layer in the irradiated areas and the absence of deformation in the non-irradiated
ones. The surface profile (longitudinal white line along the image) shows the presence of
depressions with a middle wide of about 1um and with middle deep of about 0,4 pm at the
exposed place (Fig.3b). Fig.3c shows a three-dimensional image of the selected area with
deformation in the irradiated areas and no deformation in the non-irradiated ones. The following
experiments were carried out with a decrease of the exposure to the minimum sensitivity of the
carriers. Fig.4a shows an image of a brass mesh obtained at an X-ray exposure of 17,2 J/icm®.
Thermoplastic visualization was carried out at temperature T=68°C, voltage 7,7 kV, and charging
time t=2,5 s. Fig.4b (the top of the image) shows the edge of one of the squares of the mesh
obtained at an optical magnification of 1200%.
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Fig. 4. (a) X-ray image recorded at exposure of 17,2 J/cm?, b) AFM image, c) 3D image.

As can be seen from Fig.4b the increase of noise is observed both in the irradiated and
non-irradiated areas of the image. A part of the image (a black square with an arrow) was
investigated using the AFM. The selected part of the image covers both irradiated and non-
irradiated areas. The AFM image of the selected area shows the presence of deformation of the
thermoplastic layer both in the irradiated and non-irradiated areas. The surface profile
(longitudinal white line along the image) shows the presence of depressions about 1um wide and
about 0,35 um deep at the exposed place, and about 0,8 um wide and about 0,12 um deep at the
non-irradiated areas (Fig.4b). Fig.4c shows a three-dimensional image of the selected area with
deformation both in the irradiated and non-irradiated areas.

For comparison with X-rays, carriers were investigated for visible light imaging. Similar
to the previous experiments, the carriers were illuminated through a mask with monochromatic
radiation A=632,8 nm at an intensity of 30m W/cm® 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 180 mJ/cm?.

The effect of photostructural changes (photodarkening, photorefraction) in chalcogenide
glassy semiconductors under optical radiation is well known from the bibliography sources [12,
20-21]. This effect was not observed during X-ray irradiation of the investigated carriers. For this
research, a semiconductor layer was deposited on a sapphire substrate to exclude the effect of X-
rays on the PET substrate. Measurement of the spectral dependence of transmission before and
after X-ray irradiation at absorbed dose up to 1,6 Gy showed no change in the optical
transmittance of the samples under study.



688
4. Discussions

The performed studies showed the sensitivity of the chalcogenide glassy semiconductors
of the (AS,S€3)08(AS2S3)0,183 T€0,012 System to X-rays. The deformation of the thermoplastic layer in
the irradiated areas takes place both under irradiation by a continuous spectrum of A~0,027-0,25
nm, close to the monochromatic X-ray with the wavelength A=0,154nm, and monochromatic laser
radiation A=632,8 nm. This indirectly indicates the presence of structural changes in the
semiconductor layer under X-ray irradiation, which modulates the resistivity of the semiconductor
layer [16,19]. However, no change in the optical transmittance in the (As;Ses) s(AS2S3)0,183 T €0,012
layer under X-rays irradiation at an absorbed dose of 1,6 Gy (continuous spectrum A~0,027-0,25
nm) and exposures up to 24,6 J/cm? (A~0,154 nm) was detected. The same results were presented
in work [16] for chalcogenide glassy semiconductors of the As-Se-S system doped by Sn.
According to the investigations presented in works [22-23], a change in the optical properties of
CGS was found under the y-radiation. The darkening in the layers of As-S was observed upon
irradiation with hard y-quanta (1,25 MeV) and at high radiation doses - up to 10 MGy [22-23].

Based on the obtained results and on the results presented in [16], can be concluded that
the structural changes in the semiconductor layer under the action of X-rays are very insignificant.
However, even small changes in the resistivity of the semiconductor layer may be sufficient for
thermoplastic visualization. The thermoplastic process is very sensitive due to the Coulomb
interaction between the charges on the surface of the thermoplastic layer and the charges in the
semiconductor layer [24-25].With an increase in the charging time to 2,5 s, even free charge
carriers are sufficient for the appearance of noise deformation of the thermoplastic layer in non-
irradiated places (Fig.4).

The sensitivity of the (As;Se3)o,s(AS2S3)0.188 T€0,012 Structure for X-ray recording is less than
for As-Se-S structure doped by Sn [16]. However, the exposure interval for X-ray recording on the
(AS25€3)0.8(AS2S3)0.188 T€0,012 1S 17,2-24,6 Jlem?, which shows a higher sensitivity compared to X-
ray lithography for the spectral range A=0,1-0,6 nm [15]. As was shown in this work, the As,S;
thin films require exposures of 25-50 J/cm? in this wavelength range.

5. Conclusions

The carriers based on the polymer/(As,Ses)os(AS2S3)0.188 T€0,012 Structure make it possible
to record images in the visible spectral range, using the continuous spectrum of an X-ray tube with
the copper anode, and at a wavelength of 0,154 nm. Structural changes in semiconductors of the
As-Se-S system under X-ray irradiation, such as a change of chemical etching in X-ray
lithography [14-15] and thermoplastic visualization [16] require a detailed study, which was not
the purpose of this work. At this stage, only experimental results on the registration of X-ray
images are presented.

Chalcogenide glassy semiconductors are successfully used to record relief-phase
holographic images with high diffraction efficiency [3, 24] and resolution power [25], so X-ray
holography may be the most promising way to use these structures.
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