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In the paper it has been shown the possibility to use large area dispersed scintillators
based on ZnSe:Al scintillation screens having a maximum luminescence in photoabsorption
of zinc selenide instead of X-ray film for defectoscopy of metal products. Experimental
data on influence of X-ray absorption by the samples using scintillation screens based on
zinc selenide chalcogenide scintillator and ERS-S-2A on the thickness of the sample at an
acceleration voltage in kV are reported. Prospects of using the zinc selenide composite
screens in imaging of biological objects are shown, which proves the possibility of using
these screens in tomographic medical systems.

IToxazana BOBMOKHOCTb TPUMEHEHUA AMA Ae(GEeKTOCKOTUU U3AeNnil U3 MeTajyia, B3aMeH
PEHTTEHOBCKOI TIJIEHKU, AUCMEPCHBIX CIUHTUJIATOPOB OOJBIION MIOMaAN HA OCHOBE CI[MH-
TUJIAATUOHHBIX 3KpanoB ZnSe:Al, obnazanmux MaKCUMyMOM JIOMUHECIEHIIUA B 06JIaCTH
(QOTOTIOTIIONIEHNA CeJIeHNAa IUHKA. IIpUBeIeHB SKCIepPUMeHTANLHBIe JaHHbIe TOTJIOINeHN
PEHTTEHOBCKOTO M3JYYeHUS CIHUHTUAMNAINMOHHBIX 5SKPAaHOB HAa OCHOBE XaJbKOTEHUIHOTO
CIUHTUANATOPA ceqeHuga MuHKa u OPC-C-2A 0T ero TOJIUHLI IPU YCKOPAIONIEM HaMpsAKe-
Hum B KB. IlokasaHa TepPCIEKTUBHOCTHL TMPUMEHEHUS KOMIIOSUTHBIX 9KPAHOB U3 CEJIeHUAA
IIUHKA TPU BUIYAIM3ANUUN OHMOJOTHYECKUX OOHEKTOB, UTO CBUAETEJIBLCTBYET O BO3MOMKHOCTH
VCTIONTB3OBAHUSA STUX SKPAHOB B TOMOTPaQUUECKUX MeTHUIIMHCKUX CHUCTEMAaX.

Hugpoea penmzenozpagia i3 3acMOCYy6aHHAM MAMPUILHUX JemeKmopis i KoOmMNo-
aumnux expanie. €.O.Bopoukin.

ITokazano mo:KIMBicTL BUKOpHUCTAHHA y gedeKTocKkomil BupobiB 3 mMerany, saMicTb peHT-
reHiBCHKOI ILIIBKM, KOMIIOSBUTHHX COUHTUIATOPIB Beamkoi maomi Ha ocHoBi ZnSe:Al, mo
MaoTh MaKCHUMyM JioMiHicieHIii B obiacri doromorinuHanua celeHigy nuaka. [IpusemeHo
eKCIepHMEeHTAJbHI MaHI HNOrJIMHAHHS PEHTreHiBCbKOr'0 BUIPOMIHIOBAHHSA CUUHTHIIAINIRHUX
eKpaHiB Ha OCHOBI XaJBKOreHiZHOro CHMHTHJAATOPA cejeHimy numHKy ta 9PC-C-2A or ioro
TOBIIUHY IIPH HPUCKOPOUil Hanpysi kB. [lokaszaHo MOMKINBICTh BUKOPHCTAHHS KOMIIO3UT-
HUX eKpaHiB 3 ceieHigy nmHKy y Bisyaxaisamii 6Giosmoriunmx o6’ekTiB, m[o cBiguuTh mpo
MOJKJIMBOCTI BUKOPHCTAHHSA IUX €KPaHiB y ToMorpadiuHmx MeIUUYHHUHX CHCTEMAaX.
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1. Introduction

The term of "Digital X-ray imaging”
(fluorography) refers to the methods in
which image is formed and processed exclu-
sively by computers [1]. In devices of this
type radiation relief is converted into a set
of digital data. That is, on each unit of the
analog image area the digital system will
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calculate the average optical density and
fixes for it the necessary numeric values.
Thus, an image in the form of digital ma-
trix is obtained. The unit of the digital
image area is a pixel having its own spatial
coordinates on the matrix. Data medium
contains information on the coordinates and
the optical density of each pixel.
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Digital images in comparison with the
analog film medium are much easier to
study, process, and store [2]. Unlike the
film ones, digital fluorographs operate in
real time and provide images almost in-
stantly. In case there is a big quantity of
images, they can be archived that allows
reviewing the disease progress or regression
at any time. The digital photos can be sent
by e-mail without any loss of the image
quality (256 gray shades) to consult special-
ists [4, 5].

Several options for obtaining X-ray
shadow image are practiced now. The main
differences consist in the options of obtain-
ing a picture — from a flat scintillation
screen or by scanning with a linear detector
— X-ray scanner. Their difference consists
in the time frame of the research and algo-
rithms of photodetectors signal processing.
Scanning matrix fluorographs illuminate
the object layer by layer forming the overall
picture on the monitor. Matrix fluorographs
carry out the exposure in centiseconds
which is very important when a patient can
not hold his breath for some reason even for
a short time. Instant chest photo by the
matrix fluorograph has a very high quality
since it is not affected by such "distraction”
moments, giving false information, as:puls-
ing heart, aorta and major blood vessels mo-
tion.

The fundamental difference of the CCD
detectors with X-ray screen is the formation
of a shadow image using a system of lens
(object glass) from the glowing screen di-
mensions 400 mm by 400 mm. The system
of lens and mirrors reduces the image to the
size of the CCD matrix.

Systems with a flat screen are also used
in defectosopy, where it is acceptable to use
rather long time of the object exposure.

The X-ray scanners using detectors of
scintillator-photodetector type are widely
used in transport systems for screening the
baggage of passengers, freights and at post
offices. At present the various types of digi-
tal direct conversion panels based on
polysilicon and amorphous selenium have
developed, but they are mainly used in mod-
ern medical fluorographs to diagnose
osteoporosis and cancer. This is due to the
high cost of semiconductor panels and their
lack of radiation hardness.

On the assumption of the mentioned
above we can conclude that visualization of
the internal structure of objects by means
of scintillation detectors is an important
and many sided task, and detectors parame-
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ters determine to a wide extent the quality
of the images.

This paper presents comparative data of
traditional and new types of composite scin-
tillation screens based on chalcogenide oxy-
sulfide and tungstate luminophores and
evaluates the efficiency of their application
in the digital X-ray imaging [3, 6].

2. Distinctive features of
scanning and screening systems

As indicated above, the difference lies in
X-ray detectors used in the devices. If we
take a linear X-ray detector of about
400 mm?2 long moving which along the pa-
tient’s body simultaneously with fan-shaped
X-ray irradiation, the area of 400 x 400 mm
and more can be examined. Such scanning
systems have advantages and disadvantages
such as

Advantages:

— Possibility to scan the long objects;

— Possibility of using the multi-energy
detectors that allows distinguishing materi-
als with different atomic number (organic
and inorganic composition);

— DPossibility of obtaining the three-di-
mensional display of the object when helical
scanning (used in tomography);

— High contrast sensitivity due to the
proximity of the scintillator to the photode-
tector.

Disadvantages:

— Complexity of mathematical signal
processing for the reconstruction of the
X-ray shadow display;

— High requirements to the mechanical
scanning devices for vibration and uniform-
ity of displacement;

— Diffused display of the moving ob-
jects, for example, while examining a pa-
tient’s heart.

Scintillation ecrystals or ceramics are
most commonly used in the scanning sys-
tems detectors. Their characteristics pre-
sented in Table 1 will be considered below.

Low exposure time, centiseconds, is char-
acteristic for the screen systems. This is a
mandatory requirement of medical workers
while examining thoracic organs. Even in
the case when a patient holds his breath
correctly, there are still the aorta, the heart
and major vessels pulsing. Therefore, for
the digital fluorography it is extremely im-
portant to take an "instant” image with a
clear boundary of vessels and the heart. The
most important elements of the screen
X-ray imaging systems are the X-ray screen
itself and the photodetector. The quality of

113



E.F.Voronkin / Digital X-ray imaging using ...

Table 1. Comparative parameters of X-ray scintillators

Parameter Csl(Tl)| CdWO, | ZnWO, Gd,0,S: Gd,0,S:Tb Lu,SiOg: ZnSe:Al
Pr,Ce,F Ce(LSO:Ce)
Absolute light yield, 56 20 14 35 60 30 60
phot./MeV at
662 keV (-103)
Density, g/cm3 4.51 8.28 7.87 7.3 7.3 7.41 5.42
Zeff 54 66 61 62 62 66.4 33
Tmeltmg, °C 894 1325 1200 Decomp. Decomp. 2150 1520
Refractive index 1.79 2.3 2.2 2.2 1.82 2.5
Mg 0 550 495 490 520 550 420 610
Extinction 0.05 0.03 0.05 1 0.6 0.04 0.3
coefficient of own
radiation, ecm™!
Radiation resistance, | 10° 106 10° 107 107 108 107
rads
Decay time, ms 6 5 3 4 600 0.04 2
Afterglow, % 20 0.1 0.2 0.1 1 0.5 0.1
after 3 ms

X-ray display on the screen depends not so
much on the resolution of the X-ray screen
and the photodetector as on the balance of
three parameters: conversion efficiency of
the luminophore, granularity or particle
size of the screen, dynamic range (gradation
resolution — number of gray levels) of the

screen and the photodetector.
Theoretically, the greater is the number

of pixels of the photodetector, the higher is
the resolution. However, it is important to
reduce the radiation dose for the patient. It
is possible to reduce the dose without losing
the image dynamic range (number of grada-
tions of the gray shades) due to high-qual-
ity opties and complex image processing al-
gorithm. Cheaper (i.e., of worse quality) op-
tics makes it impossible to reduce the dose
for the patient and not lose the dynamic
range and, as a consequence, quality of the
image goes down in spite of the higher reso-
lution.

In speaking of fluorography of thoracic
organs it is necessary to keep in mind that
for their X-ray display it is much more im-
portant to provide the possibility to repro-
duce more half-lights — gradations of the
gray shades (i.e., low-contrast ill-defined
entities about 1 mm diameter) than the pos-
sibility to reproduce the small contrast de-
tails.
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3. Comparative characteristics of
luminophores

Luminescence intensity of the screen de-
pends on the quantum yield of the scintilla-
tor, thickness of the absorbing layer and
transparency of the screen to its own radia-
tion. To increase the light yield of the
screen it is necessary to use the layer thick-
ness of scintillation particles optimal in
terms of absorption efficiency of X-rays
quantum and light signal yield on the pho-
todetector. To ensure the high spatial reso-
lution the scintillator should have high con-
trast of the shaded image and photodetector
— the required spatial resolution and maxi-
mum sensitivity in the maximum lumines-
cence range of the luminophore. Table 1
shows comparative parameters of tradi-
tional and new types of luminophores used
in the X-ray detectors. These parameters
provide a rough idea of the X-rays quantum
(density and Zotf) absorbency luminosity
(light yield, A,,,), light-collection condi-
tions (refractive index and extinction coef-
ficient of own radiation), radiation resis-
tance to X-rays and scintillation signal ki-
netics (decay time and afterglow level after
3 milliseconds after X-ray pulse termina-
tion).

For technical defectoscopy where high
fluences of high-energy X-rays quantum are
used, it is necessary to apply high density
luminophores with high atomic number,

such as CdWO4, ZnWO4, Lu28i05:Ce,
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Table 2. Fine ZnSe:Al screen. Material of X-raying — aluminum

Acceleration Control sensitivity, (%)
voltage, kV Thickness of the controlled object + thickness of sensitivity indicator (2 mm), mm
5 8 11 14 19 24
30 12
40 6.25 18
50 3.75 4.5 4.3
60 2.5 2.7 2.9 10
70 1.5 1.5 1.8 2.1 3.1 1.7
80 1.5 1.25 0.9 1.4 1.6 1.7
90 1.5 1.25 0.9 0.7 1 1.3
100 2.5 0.9 0.7 1 1.7
110 3.75 0.9 0.6 0.5
120 0.9 0.6 0.5
130 1.8 1.4 1
Gd,0,S:Tb (Table 2) [7]. For several lumino- | au
phores which do not decompose when melt- R | 1 - 2aWO, (2mm) ]
i iO.: it i . 220} 2 —ZnSe (0,6 mm) .
mg1 (CAWOQ,4, ZnWOy,, LqZSIiS.?e), it ;s pos R A _—
sible to obtalp screens in t e form of crys- 180l | 4 - Znse @mm) / )
tals. Oxysulfides are used in the form of | %:%,/:2
monodisperse powder distributed in a poly- 140 °/:/'
meric binder or in the form of ceramics. L s
The scintillation substances listed in the 100} ‘\A/‘/
table are characterized by high radiation re- -
sistance, satisfactory kinetic parameters 60+
(except Gdy,0,S:Tb), satisfactory agreement i
with the sensitivity spectrum of silicon pho- 20r . . . . .
todetectors for ZnSe:Al, Gd,0,S:Tb, 40 60 80 100 120 U, kv

Gd,0,S:Pr,Ce.

4. Special aspects of applying
composite scintillators in digital
X-ray imaging

Necessity of objects defectoscopy in the
real time using high-resolution video re-
cording and development of multi-energy
technique for recording the shaded images
created new requirements to the scintilla-
tors parameters. This is tightening of re-
quirements to the luminescence kinetics,
symbate character of light yield changes
with temperature, radiation resistance of scin-
tillators not below 106 rads. In this case the
energy dependence of scintillators light yield
depends significantly on the thickness of a
sample, the effective atomic number (Zotp) and
the transparency to its own radiation.

Fig. 1 shows dependence of the light
yield of ceramic and crystal scintillators on
anode voltage. At 50 kV ZnSe 0.6 mm thick
has the maximum signal. With an increase
of anode voltage from 50 kV to 130 kV the
sample light yield is not substantially
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Fig. 1. Light yield of GOS ceramics, ZnSe:Al
and Csl(Tl) measured at constant current of

X-ray emitter and varying anode voltage
from 50 to 130 kV.

changed due to the absorption therein of a
low-energy part of the X-ray signal only.
We have carried out comparative tests of
different samples of scintillation secreens
manufactured by us and of industrial pro-
duction. The screens were tested in the
range of radiation energy (from 30 keV to
120 keV). For comparison in the same con-
ditions and for the same thickness the test-
ing of ERS-S-2A medical screen was carried
out. Sensitivity of radiation monitoring was
determined by the sensitivity groove indica-
tor for different thicknesses and radiation
energies. As the X-ray source RAP 150/300
X-ray apparatus with a focal spot of
3.2 mm was used, which is not suitable for
X-ray screening. The results are obtained on
our equipment which is not commercial with
staff video processor for statistical process-
ing of the X-ray shaded image by means of
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Lo

5
Fig. 2. Scheme and hardware for the study of
X-ray screens parameters. I — X-ray source;
2 — aluminum plate (thickness varies); 3 —
indicator of Al sensitivity No.1l; 4 — X-ray
optical converter (screen); 5 — television
transmitting camera; 6 — video processor; 7 —
TV monitor; & — computer unit for processing
and archiving X-ray images.

storage for filtering fluctuation noises of
the X-ray television channel. Furthermore,
the video processor allows documenting the
X-ray images electronically. According to
test results and obtained images of the test
objects we can draw conclusions as to the
performance of the screens.

As the below test results shown the most
efficient converter of the shaded X-ray
image into the visible one is ZnSe:Al (the
first fine scintillation screen). In the second
place is the efficiency of ERS-S-2A screen
with a considerable underrun.

The second screen dithers the image, i.e.
does not provide resolution. This is associ-
ated with a high rate of the screen disper-
sion coefficient that can easily be seen in
the X-ray images of sensitivity reference
sample with the same parameters of X-ray
examination.

The both X-ray images were obtained
under identical conditions of X-ray exami-
nation. Fig. 3 clearly shows the outlines of
the sensitivity indicator and 6 grooves. Fur-
thermore, the image clearly represents vis-
ible spots of oxides on metal that proves the
high sensitivity of the screen to small
changes in the density of the tested object.

In Fig. 4 we can see the dithered outline
of the indicator and hardly visible grooves.
This is due to the blurring of the shaded
X-ray image in the structure of the screen
itself. In addition, the structure of the
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Fig. 3. X-ray image of sensitivity indicator
on aluminum H =3 mm obtained using
ZnSe:Al screen.

Fig. 4. X-ray image of sensitivity indicator
on aluminum H =3 mm obtained using the
second ERS-S-2A medical screen.

screen is more evident. The screen glows
under the X-rays, but does not provide suf-
ficient resolution and control sensitivity.

Below it is shown dependence of the sen-
sitivity of radiation monitoring of alumi-
num products by groove indicator for dif-
ferent thickness of the material and differ-
ent energies of ionizing radiation while
using two types of screens: ZnSe:Al and
medical ERS-S-2A .

These characteristics allow estimating
the efficiency of conversion of the X-ray
shaded image into the visible one by the
screens as well as to determine the operat-
ing energy range in which the screen al-
lows obtaining the best sensitivity of ra-
diation quality control due to insufficient
brightness of the screen and structural
noises of the screen and CCD-matrix still
appear very significant. The upper limit
of the dynamic range is determined by the

Functional materials, 21, 1, 2014
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Table 3. Medical ERS-S-2A screen. Material of X-raying — aluminum.

Acceleration Control sensitivity, (%)
voltage, kV Thickness of the controlled object
5 8 11 14 19

30 12
40 6 25 18
50 5 3.6 14
60 5 3.6 2.1 10
70 4 2.7 1.4 10
80 3 2.5 1.8 2.1 10
90 2 2.5 1.8 2.1 10
100 4 2.5 1.8 2.1 10
110 2 1.8 1.8 3.2
120 1.8 1.4 3.2
130 1.8 3.2

saturation of the screen, i.e. with increas-
ing the radiation energy the brightness of
glowing does not increase which leads to a
decrease of the contrast and loss of the
image elements with a small density differ-
ence. In other words, the smallest grooves
of the sensitivity indicator begin to disap-
pear on the X-ray image.

In Fig. 5 for ZnSe:Al screen 5 grooves of
the indicator No.l are clearly identifiable
that corresponds to sensitivity of 3.8 %. On
the steel 9 mm thick at the voltage of
140 keV 4 grooves of the indicator No.l are
visible that corresponds to sensitivity of
2.7 %.

When the X-ray studies of biological ob-
jects it is necessary to obtain information
about the morphology (skeleton bones, soft
tissue, blood vessels). The main require-
ments to the image are high spatial reso-
lution, high contrast in a wide dynamic

a)

Fig. 6. Image of the biological object obtained using ZnSe:Al screen.
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Fig. 5. X-ray image of sensitivity indicators
No.1 and No.2 of steel 4 mm thick at X-ray
energy of 140 keV.

b)
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range and minimum radiation exposure to
the patient.

The screen made of fine-grained scintilla-
tion zinc selenide powder [8—-10] (Fig. 6) has
good sensitivity, resolution and efficiency
of conversion of the X-ray shaded image
into the visible one. This screen is especially
efficient for imaging the biological objects
and as it can be seen in Fig. 6, allows recog-
nizing contrastively even the tissue of fish
float. The optimum energy range for such
screen is 30—-50 keV.

6. Conclusions

The samples of fine X-ray screens based
on semiconductor ZnSe:Al crystals working
in the energy range of 50+140 keV for ap-
plication in radiation defectoscopy systems
were produced and tested. The experiments
showed the high resolution when testing
metal indication samples, the high resolu-
tion and contrast sensitivity of the screen.

Spectral characteristic of the screen ra-
diation combines well with the spectral sen-
sitivity characteristic of the CCD and CMOS
image sensors used to convert a shaded
image into a video signal.

On the sample of aluminum 10 mm thick
with groove penetrometer the control sensi-
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tivity of 1 % was obtained which is close to
sensitivity obtained by means of film tech-
nology.

The prospects of using zinc selenide com-
posite screens in imaging of biological ob-
jects are shown, which proves the possibil-
ity of using these screens in tomographic
medical systems.
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