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This work presents some characteristics of experimental samples of flexible scintilla-
tion panels made on the basis of fine-powders of zinc selenide scintillator. The purpose of
the work was to determine the resolving power of dispersed scintillation panels based on
ZnSe(Te) and to clarify the field of their application in X-ray technique. In the course of
studying the dependences of the resolving power of scintillation panels based on ZnSe(Te)
on the powder particles size and thickness of the panels were discovered. The data on the
dependences of the light output on the panel thickness and particle size of the scintillator
in the samples in the thickness range of 0.1-1 mm are presented. X-ray images of
different test objects obtained using scintillation panels based on zinc selenide are shown.
Three ranges of the particles dispersion were investigated: the first — 25-40 pm, the
second — 40-120 pm, and the third — 120-200 um. It was revealed that the resolving
power was 5, 3 and 2.5 lp/mm for the each range of dispersion.

IIpencraBieHbl XxapaKTePUCTUKY d9KCIEPUMEHTAIbHEIX 00PasIi0oB rHOKUX CIIMHTUJIAIINOH-
HBIX [IaHeJel, MBrOTOBJIEHHBIX HA OCHOBE MEJIKOJUCIEPCHBIX I[OPOIIKOB CEJIEHHUAA IIUHKA.
Hsyuena 3aBHCHMOCTH IIPOCTPAHCTBEHHOI'O DA3PELIEHUsS CHUHTHJIIAINOHHBIX IIaHekell Ha
ocuoBe ZnSe(Te) oT pasmepa dacTull MOPOIIKA CIUHTUJLISATOPA W TOJMIIUHBLI naHesneit. IIpex-
CTaBJIeHbl [JaHHBIE O 3aBHCUMOCTU CBETOBOTO BBHIXOJA IaHEeJedl OT TOJIUHBI U pasmMepa
YaCTUI[ CIUHTUJIATOPA B obpasmax B aumamnasone toamua 0,1-1 mm. ITokasaHbl peHTreHO-
rpaduyecKye CHUMKU PA3JIMUHBIX TECT O0'bEeKTOB, MOJIyUeHHBIE ¢ ITOMOIBIO CIIUHTUJIISAI[MOH-
HBIX TlaHeJiell Ha OCHOBe cejleHWJa IUHKAa. VlccjemoBaHO TPU QUANA30HA JUCIEPCHOCTU dac-
TuI: nepsbiii — 25—40 MM, BTOpoit — 40-120 mrM, Tpetuit — 120—-200 mxM. YcraHOBIIe-
HO, UTO IIPOCTAHCTBEHHOE paspelleHue cocrasiaser 5, 3, 2.5 nmap Jauuuil/MMm aJId
COOTBETCTBYIOIUX AuanasoHoB. OmpemeleHO ITPOCTPAHCTBEHHOE paspelleHre JUCIEePCHBIX
CHUHTUIIAINOHHBIX naHeneil Ha ocaoBe ZnSe(Te) muisa BolcHEHUA UX 00JIACTU NMPUMEHEHU.
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1. Introduction

ZnSe(Te) scintillator relates to the semi-
conductor materials class of A;Bg group. It
is widely used in scintillator-silicon photo-
diode systems for X-ray detectors of modern
multichannel low energy devices for visuali-
zation of hidden image (systems of non-de-
structive control, medical tomography, radi-
ography) [1]. Crystals of zinc selenide pos-
sess a high luminescent efficiency
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(60 thousands photons/MeV) and short af-
terglow duration, which allows registration
of the shadow image of biological objects in
real time. Also the emission color of this
phosphor is orange-red, which makes it per-
fectly suited to detection by silicon semicon-
ductor devices [2].

As scintillation material ZnSe(Te) can be
used in crystal and powder form [3]. On the
basis of powder zinc selenide the flexible
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scintillation panels with high light yield
and homogeneity of the luminescence were
developed [4]. These flexible scintillation
panels made for application in X-ray studies
of biological objects in medical tomography,
industrial defectoscopy and other low en-
ergy devices of wvisualization of hidden
image, for example, the systems of X-ray
scanning of passenger’s baggage in the air-
ports or vehicles scanning in the customs
stations. Scintillation panels are designed
for use with multi-channel silicon photo-
diodes, CCDs and other photodetection de-
vices of linear and complex shape.

For successful application of the scintil-
lation panel in X-ray equipments it has to
possess the number of necessary features
such as satisfactory contrast sensitivity and
resolving power in a wide dynamic range.
Depending on the type of X-ray system the
resolving power can vary by up to
20 lp/mm for the traditional film radiogra-
phy, about 10 lp/mm for combined systems
of film and intensifying screen and from
0.7 to 4-5 lp/mm for digital radiography
[5, 6].

The purpose of this work was to find out
the resolving power of scintillation panels
based on ZnSe(Te) and their optimal pa-
rameters for keeping a compromise between
the resolving power and light output of
these panels.

In this work dependences of resolving
power of the scintillation panels on the size
of ZnSe(Te) scintillator powder particles
and the panels thickness was discovered.
The data of the light output dependence on
the panel thickness and scintillator particle
size in a thickness range of 0.1-1 mm were
presented. X-ray images of different test
objects obtained using scintillation panels
based on zinc selenide were shown.

2. Experimental

The objects of study were scintillation
panels of variable thickness made in the
form of a layer of polycrystalline particles
of irregular shape of inorganic scintillator
ZnSe(Te) in the optical immersion medium
— silicone rubber. Samples of the panels are
made by pouring a mixture of powder scin-
tillator and immersion medium in the con-
tainer which covered with anti-adhesion ma-
terial.

Resolving power of the scintillation pan-
els was determined by a known method
using an apparatus for X-ray image regis-
tration (Fig. 1). As a source of ionizing ra-
diation apparatus ISOVOLT Titan E X-ray
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Fig. 1. Scheme of apparatus for X-ray image
registration.
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Fig. 2. The dependences of the light yield on
the particle size and thickness of the poly-
crystalline dispersed samples of scintillation
panels based on ZnSe(Te). Curve 1 corre-
sponds to the sample of panel with a particles

size in 120-200 pm, curve 2 — particles size
is 40—-120 pm, curve 3 — particles size is
25-40 pm.

Generator 160 was used and the measure-
ments of the resolving power was carried
out by using a standard test object EN 462-
5 Duplex IQI.

Measurements of the samples light out-
put intensity were carried out by a known
method using the unit for measurement of
light yield and afterglow — Smiths Hei-
mann AMS-1.

3. Results and discussion

Experimental samples of scintillation
panels based on ZnSe(Te) were manufac-
tured with a wvariable thickness which
ranged from 0.1 to 1 mm. Three ranges of
particles dispersion were investigated: the
first one is 25—40 um, the second — 40-
120 um, and the third one — 120-200 um.

The data of dependences of the light
yield on the particle size and thickness of
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Table 1. The resolving power measurements results for scintillation panels based on ZnSe(Te)

Size of the ZnSe(Te) particles X-ray image
in the panel, pm -_—
op| 8D 7D! (6D, sDi 4Di 3DE 2D 1D
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-
¥
40-120 &
£ 1
: |
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Ao SDEe 4D AN 2 1I»
iR 5. Xk i =
TR S
A L 14 :
120-200 : ; : i{ -
&= ot B
Designation 1D 2D 3D 4D 5D 6D 7D 8D 9D
Diameter of the wire | 0.800 | 0.630 | 0.500 | 0.400 | 0.320 | 0.250 | 0.200 | 0.160 | 0.130
Ip/mm 1.25 1.6 2 2.5 3 4 5 6.25 | 7.69

the polycrystalline dispersed samples of
scintillation panels based on ZnSe(Te) are
shown in Fig. 2. The first range of disper-
sion is the minimum allowable for zinc se-
lenide and with further decreasing of parti-
cle size the light output becomes ten times
lower than the light output of the original
crystalline sample. This is due to the elec-
tron capture length in zinc selenide (about
30 um at these energies) and if it becomes
greater than the size of the particles then
only a minor fraction of X-ray radiation is
absorbed by particles and induces scintilla-
tion flashes. For the first range of disper-
sion the maximum of light output is ob-
served at thicknesses from 0.3 to 0.5 mm.
With the further thickness decrease of the
panel the light output also decreases due to
deterioration of the optical transparency of
the medium and the dissipative processes of
scattering and reabsorption of scintillation
flashes in the sample. The second and third
ranges of dispersion possess higher light
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output which according to Fig. 2 increases in
the thickness range in 0.1-1 mm and reaches
a maximum at thicknesses in 1-1.5 mm for
the second range and 1.3—1.8 mm for the
third range [4].

For determination of dependences of the
resolving power of scintillation panels on
scintillator’s particle size the samples of
three ranges of dispersion were measured
(scheme of the experiment is shown in Fig. 1).
Scintillation panels made of the first range
of dispersion possess the best resolving
power — approximately 4-5 Ip/mm. Such
resolving power value is achieved due to
small sample thickness (0.1-0.3 mm) and
relatively small particle size of the scintilla-
tor (25—-40 pm) which form a dense layer of
scintillation material and within this layer
the scattering of scintillation flashes is
minimal. Panels based on ZnSe(Te) powder
with a particle size of 40-120 um have a
lower resolving power (3 lp/mm). Resolving
power of the scintillation panels with pow-
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Table 2. Some characteristics of scintillation panels based on ZnSe(Te)

Size of the ZnSe(Te) Thickness of the panel, | Resolving power of the | Relative light output,
particles in the panel, um mm panel, lp/mm % from the original
crystalline sample
ZnSe(Te)
25—-40 0.1-0.3 4-5 up to 30
40-120 0.3-0.5 3 up to 55
120-200 0.5-1.5 2.5 up to 80

Fig. 3. X-ray image of the biological test ob-
ject (chicken wing) obtained by using scintil-
lation panel based on ZnSe(Te) with a disper-
sion of the scintillation particles 120-
200 um.

der dispersion in 120-200 pum is 2.5 lp/mm
(Table 1). The resolving power deterioration
for the scintillation panels with increasing
of the particles size can be explained by
increasing the panel’s transparency due to
an enlargement of the particles and thus
reducing the number of scattering centers
and light absorbing surface in the scintilla-
tor/immersion medium system. With in-
crease of the panel’s transparency the scat-
tering cone of scintillation flashes also in-
creases. The values of resolving power of
the scintillation panels based on ZnSe(Te)
obtained according to the optimized parame-
ters of X-rays.

Creation of high-quality scintillation
panels requires a compromise between the
panel thickness (respectively the level of
light output) and resolving power, since an
increase of the panel’s thickness decreases
the resolving power by increase of the scat-
tering cone of scintillation flashes. Accord-
ing to studies, the optimal thicknesses of
the panels in order to achieve maximum re-
solving power with saving the light yield at
the appropriate level for photodetector are
as follows: for the first range of dispersion
the optimal thickness belongs to the range
0.1-0.83 mm at the level of light output in
30 % of the original crystal’s light yield;
0.3-0.5 mm thickness range is optimal for
a second range of dispersion at the light
output level in 55 % and 0.5-1.5 mm
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Fig. 4. X-ray image of the inorganic test ob-
ject (a set of calibrated steel plates with a
thickness from 0.05 to 1 mm) obtained by
using scintillation panel based on ZnSe(Te)
with a dispersion of the scintillation particles
120-200 pm.

thickness range is optimal for the third dis-
persion range with the light yield in 80 %
(Table 2).

The images of different test objects were
obtained using the scintillation panels based
on ZnSe(Te) powder with a dispersion of
120-200 ym. The organic test object
(chicken wing) is show in Fig. 3. The photo
presents the wing X-ray image where soft
tissue, bone tissue and voids in them are
visible. By varying the parameters of X-
rays (current and voltage of anode) the nec-
essary contrast of images can be obtained.
To demonstrate the dynamic range of the
scintillation panels a set of calibrated steel
plates with thicknesses ranging from 0.05
to 1 mm and a spacing of 0.05 mm was
chosen as an inorganic test object (Fig. 4).

According to the X-ray image data even
minor change of the object’s thickness
(0.05 mm) is clearly recorded in the photo
that means that scintillation panels based
on ZnSe(Te) possess the high sensitivity of
detection.

4. Conclusions

As a result of this work the dependences
of the resolving power and the level of light
output of scintillation panels based on
ZnSe(Te) on the sample’s thickness and the
dispersion range of the particles were deter-
mined.
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It was found that the scintillation panels
based on zinc selenide from the first range
of dispersion can be successfully applied in
digital radiography for which the require-
ments for resolving power vary from 0.7 to
4-5 lp/mm. Panels based on the second and
third ranges of dispersion according to their
characteristics are suitable for the produc-
ing of position sensitive detectors such as
scintillator-photodiode systems.

Thus the compliance of the optical and
scintillation parameters (such as resolving
power, dynamic range, sensitivity of detec-
tion) of scintillation panels based on
ZnSe(Te) for requirements and standards of

digital radiography has been demonstrated
in this work.
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Po3ginpHa 3MaTHICTh CHUHTHIAAINIMHMX IIaHeJeH
Ha OCHOBI CeJIeHiy IIMHKY

B.O.JIimiwescvruii, C.M.I'ankin, O.1.JIanaany,
€.D.Boponkin, C.B.Maxoma, 1.A.Bpecnaécvruil

ITpencraBieHO XapaKTePUCTUKU €KCIEPUMEHTAJbHUX 3PasKiB I'HYUYKUX CIUHTUIAIIMHUX
naHeJieil, BUTOTOBJIEHUX Ha OCHOBI APiOHOAMCIEPCHUX IOPOIIKIiB cejeHimy nuHKY. BuBueHOo
3aJIeJKHICTh PO3AINBHOI 3LATHOCTI CHMHTUIALINHUX mnaHejelr Ha ocHoBi ZnSe(Te) Bixg poswmi-
Py YacTOK HOPOUIKY CIUHTUJAATOpa i ToBImUHU naHejeii. IlpencraBieHo maHi mpo 3sa-
JIeJKHICTH CBITJIOBOT'O BUXOAY IaHesell Bif TOBIIMHU i PO3Mipy YACTUHOK CIUHTHUJIATOpPA AJIA
3pas3kiB y gmiamasoni ToBmumH 0,1-1 mMm. IloxkasaHo peHTreHorpadiuHi sHIMKM DPiBHHX TecT
00’€KTiB, OTpUMaHi 3a JOMOMOTOI0 CIUHTUIAIIMHUX TaHejJell HAa OCHOBi ceJieHiIy ITUHKY.
HocuimKeHO TpU [ianmasoHU AUCIEPCHOCTI YacTHHOK: mepmuit — 25-40 MkM, gpyruii —
40-120 MM, Tperiit — 120-200 mgm. BeranoBieHo, 1110 posaijibHA 3JaTHICTH CTAHOBUTH D,
3, 2.5 map JiHiii/MM AJaA BigmoBigHMX miamasoHiB.
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