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The possibility of obtaining large area dispersed scintillators based on zinc selenide has
been demonstrated. Potentiality of creation of two-component scintillation panels based on
ZnSe(Te) and other scintillator (such as CdWO,, ZnWO,, GSO and LGSO) which has a
luminescence maximum in the photo-absorption zone of zinc selenide was investigated too.
Obtained experimental data testified to the effect of the adding oxide scintillators on
radioluminescence spectra of the samples and the level of X-ray absorption of the scintil-
lation panels on the basis of chalcogenide scintillator zinc selenide. The optimum size of
the inorganic scintillator ZnSe(Te) particles for obtaining the high scintillation parameters
in scintillation panels has been determined. Methodology of production of the scintillation
panels based on fine-dispersed powder of ZnSe(Te) with stable and steady scintillation
characteristics in the area of the panels was developed.

IToxasaHa BO3MOMKHOCTD HOJYUYCHHUS AUCIEPCHBLIX CIMHTUIIATOPOB OOJBIION ILIOIIALN HA
OCHOBE CeJIeHHJa IIMHKA, 4 TAK)Ke MCCJIeLOBAHA BO3MOYKHOCTb IIOJYYEHHUS ABYXKOMIIOHEHT-
HBIX CIMHTHUJISIMOHHLIX maHeseil Ha ocHoBe ZnSe(Te) u apyrux cuumutusasaropos (CAWO4,
ZnWO04, GSO, LGSO), ob6sagamux MAKCHMyMOM JIOMHHECIEHINA B 00JacTu ()OTOIIOIJIO-
IeHusl CceJieHHAA NUuHKA. [IpuBemeHbl 9KCIEPHMMEHTAJbHBLIE JaHHBIE O BJIUSAHUHN [J00ABOK
OKCHJHBIX CIMHTUJIJIATOPOB HA CIHEKTPHI PALMOJIOMUHECIIEHIINNY 00PAas3I[0B W HAa IIOIJIOIeHIe
PEHTreHOBCKOI0 M3JAYUYEeHHsS CIHUHTUJIANMOHHLIMKM MAHEJAMU HA OCHOBE XAaJbKOIeHWHIHOI'0
CIMHTUJIATOPA cejleHuma nuuka. OnpegeseH ONTUMAILHBINA pasMep YaCTHUI[ HEOPraHUUYECKO-
ro cuuHTHiAATOPa ZnSe(Te) musa monydyeHMs MAKCHMAJIbHO BBICOKHUX CIMHTUJIAIAOHHBIX
apaMeTpoB B CIMHTHJLIAIMAOHHBIX IIaHeJ sax. PaspaboraHa MeTOAUKA MOJYUYEHWUsI CIIMHTHJI-
JANAOHHBIX IIaHeJ el Ha OCHOBe MeJKomuciepcHbIXx mopoinkoB ZnSe(Te), obGmamaromux cra-
OMJBHBIMM ¥ PABHOMEPHBLIMU CIVHTHJIIAIMOHHBIMI XaPAKTEPUCTUKAMMU IIO ILJIOIIALU 00pas-
I10B.
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1. Introduction

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

In some fields of X-ray device production
photodetectors have not only a flat configu-
ration, but also they can posses a complex
shape. For example, in medical radiography
there are spherical CCD-matrix for tomogra-
phy which have cylindrical shape or in the
field of radiation flaw detection photodetec-
tors designed for the examining the objects
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Table 1. Scintillation and physical characteristics of the scintillators Gd,0,S(Tb) and ZnSe(Te)

Parameter Scintillator
Gd,0,S(Tb) ZnSe(Te)
Density p, g/cm3 7.3 5.42
Effective atomic number, Z 60 33
Light yield, photons/MeV 60 000 60 000
The emission maximum 2,,,, nm 545 640
Conversion efficiency, % 19 up to 22
Afterglow (after 6 ms), % 1 <0,05
Hygroscopicity no no
Chemical stability unlimited unlimited
The mechanical and thermal resistance good good
Radiation resistance good good
with complex configuration (flaw detection oy, @ U
of welds or pipes, flaw detection of products
with complex shape obtained by molding). gg: /\
Such optimization of the photodetector’s 55
final configuration allows obtaining the 50k
most complete information about investi- 45} /\ 4
gated object. For the efficient registration 40
of X-rays and in order to avoid distortion of 3.5¢ 2
information about the object scintillator gg: /\
should completely repeat the shape of a pho- 5ol
todetector. The most successful solution of 15k
this problem is the flexible scintillation 1.0F 3
panel which fits maximally tightly to the 0.5+ — 5 4

surface of a photodetector of any type.

At the present time as a scintillation ma-
terial for the manufacture of scintillation
panels, X-ray intensifying screens and other
disperse scintillators are widely in use the
scintillation materials such as Gd,0,S(Tb),
Csl:Na, Csl:Tl, Nal:Tl, ZnS:Cu, (Zn,Cd)S:Cu,
(Zn,Cd)S:Ag, CdWQ,, Bi,Ge;04,(BGO),
(Y,Gd)203:Eu3+(Pr), Gd,0,S:Pr(Ce,F) and
others [3]. The most commonly used mate-
rial for manufacturing disperse scintillators
for different purposes is Gd,0,S(Tb) [4].
For example, Table 1 shows comparative
data of scintillation characteristics of
ZnSe(Te) and Gd,0,5(Tb). The data confirm
that zinc selenide is mnot inferior to
Gd,0,5(Tbh) in its characteristics and in
some parameters superior to it (the conver-
sion efficiency, the afterglow). Scintillator
on the basis of ZnSe(Te) in a dispersed form
is not limited in area and has an order of
magnitude greater homogeneity of lumines-
cence than the crystalline sample [6—12].
Ability to obtain a large area crystalline
samples of ZnSe(Te) is technologically lim-
ited, because with increasing of crystal’s
size homogeneity of luminescence is de-
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Fig. 1. The dependences of the light yield on
the particle size and thickness of the poly-
crystalline dispersed samples of the scintilla-
tion panels based on ZnSe(Te). I— corre-
sponds to the sample of panel with a particles
size in 200-600 pm, 2 — particles size is
120-200 um, 8 — particles size is 40—
120 um, 4 — particles size is 2540 pm, 5§ —
particles size is 1-25 um.

creasing due to the segregation of dopants
in the crystal in the process of it growth.
This article presents the characteristics
of experimental samples of flexible scintil-
lator panels made of fine powders on the
basis of ZnSe(Te), as well as a number of
oxide scintillators, such as CdWQO,, ZnWOQ,,
GSO, LGSO. The purpose of the work was
to obtain large area dispersed scintillation
panels with a high quantum yield and homo-
geneity of the luminescence. Also in the
current work we investigated the possibility
of increasing the light output of the main
scintillator (zinc selenide) in two-component
systems by introducing an additional scin-
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tillation material with a maximum lumines-
cence in the photoabsorption zone of zinc
selenide.

2. Experimental

As the objects of study we used single-
and two-component scintillation panels
made in the form of a layer of polycrystal-
line particles of irregular shape of inorganic
scintillators in the optical immersion me-
dium — silicone rubber. Samples of the pan-
els were made by pouring a mixture of pow-
der scintillator and immersion medium in
the container which covered with anti-adhe-
sion material.

Single- and two-component samples of
scintillation panels on the basis of different
scintillators such as ZnSe(Te), CdWO,,
ZnWOQO,, GSO, LGSO, with different ratio of
the components in the samples were made in
the framework of this work. The spectra of
radioluminescence of the samples were ob-
tained using monochromator MDR-23 with
ADC signal converter and a photodetector
PMT-80. As a source of ionizing radiation
241Am with a photon energy of 60 keV was
used. Measurements of the intensity of the
light output of the samples was carried out
by a known method by using the unit for
measurement of light yield and afterglow —
"Smiths Heimann AMS-1".

3. Results and discussion

For optimization of the scintillation pa-
rameters of scintillation panels the depend-
ence of the light output of panels on the
particle size of the scintillator ZnSe(Te) and
the thickness of the screen was determined
(Fig. 1). The dependence of the light output
of ZnSe(Te) on the dispersion of the parti-
cles is determined by the degree of absorp-
tion of X-rays by particles of scintillator.
The large particle absorbs the larger portion
of X-rays, hence, the luminescence intensity
increases with increasing particle size. Ac-
cording to Fig. 1 particles with dispersion
of 200-600 pm have the highest intensity
of the luminescence. Thus, particles size re-
ducing leads to the decreasing of the lumi-
nescence intensity of the particles and when
you reach a certain size (about 30 pum), the
luminescence becomes very low. This is re-
lated to the electron capture length in this
material, and if it becomes longer than the
size of the particles, then only a small frac-
tion of the X-ray radiation is absorbed in
the material and induces the luminescence.
The dissipative properties of the dispersed
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Fig. 2. Comparison of the light yield of a
dispersed and crystalline scintillators based
on ZnSe(Te) of identical dimension-type. 1 —
crystalline scintillator, 2 — dispersed scintilla-
tor (particles size is 200-600 pum), 3 — dis-
persed scintillator (particles size is 120-
200 pm), 4 — dispersed scintillator (particles
size is 40-120 um), 5 — dispersed scintillator
(particles size is 25-40 .um), 6 — dispersed
scintillator (particles size is 1—25 pm).

scintillator medium such as scattering and
reabsorption of emitted luminescence pho-
tons also leads to reducing the luminescence
with decreasing particle size. The optimum
thickness of the scintillation panels for
maximum quantum yield for samples with
dispersion of particles of 40-120 pum is 1-
1.5 mm, for dispersion 120—200 um is 1.3—

1.8 mm and for dispersion 200-600 um is
1.5-2 mm. When the thickness of the panel
more then optimal the X-ray radiation is
absorbed in the upper layer of the sample
and its intensity in the lower layers of the
sample isn’t sufficient to excite the maxi-
mum luminescence. Also scintillation pho-
tons from the upper layers do not reach the
photodetector and released in the form of
thermal energy. When the thickness of the
panel is less than the optimal the maximum
luminescence of the panel also isn’t
achieved because of lack of the scintillation
material in the sample. For samples of the
panels from smaller fractions of the scintil-
lation material the optimal thickness of the
screen becomes smaller.

The relative light output of dispersed
and crystalline samples of scintillators
based on ZnSe(Te) is presented in Fig. 2.
The level of light output of scintillation
panels made of the coarse powder of zinc
selenide with particles size in 200-600 um
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Fig. 8. The radioluminescence spectra of the samples of scintillation panels based on ZnSe(Te),
CdWO,, ZnWO, at different ratio of the components in the panels. Curves Ia and 1b correspond to
the samples based on ZnSe(Te). Curves 2a, 3a, 4a correspond to a ratio CdWO,/ZnSe(Te) — 1:3,
1:1, 38:1, curve 5a — CdWO,. Curves 2b, 3b, 4b correspond to a ratio ZnWO,/ZnSe(Te) — 1:3, 1:1,
3:1, curve 5b — ZnWO,.
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Fig. 4. The radioluminescence spectra of the samples of scintillation panels based on ZnSe(Te),
GSO, LGSO at different ratio of the components in the panels. Curves Ic, 1d correspond to the
samples based on ZnSe(Te). Curves 2¢, 3¢, 4c correspond to a ratio GSO/ZnSe(Te) — 1:3, 1:1, 3:1,
curve 5¢ — GSO. Curves 2d, 3d, 4d correspond to a ratio LGSO/ZnSe(Te) — 1:3, 1:1, 3:1, curve

5d — LGSO.

becomes close to the level for crystalline
sample (up to 95 % of the light output of
the crystal). With decreasing of particle
size the light output is also decreasing ac-
cording to the explanations given above.
And for particles with a fineness of 120-
200 um light output reaches about 80 %,
for particles with dispersion in 40—-120 goes
up to 55 % and for dispersion in 25-40 um
goes up to 30 % relative to the crystalline
sample. The particles with dispersion less
then 25 um are of no practical interest, due
to extremely low level of light output which
goes up to 10 %. Comparison of the light
yield of the dispersed samples and crystal-
line samples were made in the same condi-
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tions and with the samples of the same di-
mension-type.

To determine the possibility of increas-
ing the light output of the main scintillator
(zinc selenide) by introducing an additional
scintillation material with a maximum lumi-
nescence in the photoabsorption zone of
main scintillator and for application the
basic manufacturing technology of the scin-
tillation panels on the other scintillation
materials we fabricated single- and two-
component scintillation panels based on
ZnSe(Te), CdWO,, ZnWO,, GSO and LGSO.
The radioluminescence spectra of such scin-
tillation panels are presented in Fig. 3 and
Fig. 4. In the two-component systems ac-
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Fig. 5. The dependences of the radioluminescence intensity of the samples of scintillation panels
based on ZnSe(Te), CdWO,, ZnWO, on X-ray tube voltage (voltage variation is 50—-180 kV). Curves
la and 1b correspond to the samples based on ZnSe(Te). Curves 2a, 3a, 4a correspond to a ratio
CdWOQ,/ZnSe(Te) — 1:8, 1:1, 3:1, curve 5a — CdWO,. Curves 2b, 3b, 4b correspond to a ratio
ZnWO,/ZnSe(Te) — 1:8, 1:1, 38:1, curve 5b — ZnWO,.

cording to the ratio of zinc selenide and an
additional scintillator the redistribution of
the luminescence intensity of samples and a
change of the luminescence spectra accord-
ing to the intensity and spectral range of
luminescence of each component of the
panel are observed. The one-component pan-
els based on zinc selenide have a maximum
intensity of luminescence. Increasing the lu-
minescence intensity due to photoexcitation
of ZnSe(Te) isn’t observed. The total light
output from the two-component samples is
lower than that of the single-component one
based on zinc selenide which can be associ-
ated with a significant difference of the
light yield of zinc selenide and other scintil-
lators. Also the specifics of the disperse me-
dium prevents efficient energy transfer
from the additional scintillator to the main
scintillator. The increase of share of the
additional scintillator in the panel leads to
the decrease of the total luminescence of
scintillation panel. Because the lumines-
cence caused by photoexcitation of zinc se-
lenide does not compensate the loss of light
output of the panel due to a decreasing the
share of main scintillator in the sample.
The dependence of luminescence intensity
of the single-component and mixed panels
based on zine selenide and tungstate zinc or
cadmium from the photon energy of X-ray
emission is shown in Fig. 5. The absolute
light yield of ZnSe(Te) is 60 000 pho-
tons/MeV, the absolute light output of
CdWO, and ZnWO, is 22 000 photons/MeV.
Thus, on the base of the experimental data
a linear dependence of changes of the lumi-
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Fig. 6. Data on the X-ray absorption by one-
and two-component scintillation panels (X-ray
tube voltage is 140 kV). Point 1 corresponds
to the panel based on ZnSe(Te), point 2 —
CdWO,, point 3 — ZnWO,, point 4 — GSO:Ce
and point 5 — LGSO:Ce, the other points cor-

respond to intermediate ratio of the compo-
nents in the mixed scintillation panels.

nescence intensity of two-component sam-
ples relative to the luminescence intensity
of one-component models according to the
proportion of zinc selenide and tungstates is
observed. The luminescence intensity of the
panels rises with increasing the photon en-
ergy of X-ray due to increase of the conver-
sion efficiency of X-ray radiation.

Data on the X-ray absorption of one-com-
ponent and two-component samples of the
scintillation panels are shown in Fig. 6. The
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Table 2. Scintillation and physical characteristics of the dispersed and crystalline scintillators

based on ZnSe(Te)

Mechanical characteristics

Parameter Crystal ZnSe(Te) Scintillation panel
ZnSe(Te)
The inhomogeneity of the luminescence up to 30 up to 5
of the sample’s area, %
Surface area of the sample, cm? up to 25 400

fragile solid elastic flexible

degree of absorption of X-ray by two-compo-
nent samples is an additive quantity and it
is determined by the percentage of compo-
nents in the mixed system. Due to the
higher effective atomic number oxide scin-
tillators have higher absorption coefficients
of X-ray radiation than zinc selenide. Ac-
cordingly, the addition of oxide scintillators
lead to an increase of the share of absorbed
X-ray radiation in samples of two-compo-
nent scintillation panels.

For practical application of scintillation
panels is necessary to ensure the homogene-
ity of luminescence in the area of the panel.
Measurement of luminescence homogeneity
in the area of dispersed and crystalline sam-
ples based on zinec selenide of the same di-
mension-type showed that dispersed scintil-
lator has approximately from 6 to 7 times
greater homogeneity of luminescence than
crystalline analog (see Table 2). This is
achieved by homogenizing the powder of
ZnSe(Te) during its preparation and its uni-
form distribution over the area of the panel.

4. Conclusions

As a result of the work the technology of
producing large-area dispersed flexible scin-
tillation panels based on fast-phosphor
ZnSe(Te) with high quantum yield and lumi-
nescence homogeneity has been developed.

The influence of additives of oxide scin-
tillators on the radicluminescence spectra of
the samples and the absorption of X-ray by
scintillation panels (based on chalcogenide
scintillator zinc selenide) was specified. It
can give possibilities to vary the optical and
luminescent parameters of the obtained pan-
els in a wide range.

Achieved resolving power of the scintilla-
tion panels based on zinc selenide allows their
application in any field of digital radiography.

Scintillation panels obtained after accom-
plishing this research work can be applied
for the X-ray imaging, spectroscopy and
dosimetry of ionizing radiations of small
and medium-energy [183-15]. For example,
powder scintillators can be used instead of
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crystalline samples in 16, 32, 62 and 128
scintillation elements for silicon photo-
diodes because of their dispersed structure
they have a smaller cross-talk between chan-
nels of the photodiode than the crystalline
analogue. Another application for the scin-
tillation panels based on ZnSe(Te) can be-
come the X-ray imaging of internal organs
(in particular heart muscle). Zinc selenide
have a higher speed of response than the
widely used gadolinium oxysulfide and ac-
cording to the short afterglow provides a
more distinet picture of moving objects.
Consequently the higher quality of heart
disease diagnostics can be achieved. Due to
the fact that zinc selenide is a low-energy
scintillator and it can be easily combined
with a pulsed X-ray emitter which is syn-
chronized with the phases of the heart in-
stead of continuous exposure there is a pos-
sibility of significant reducing the radiation
exposure to patient.
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CuyHTUAALIHI MaHe/i HA OCHOBi ceJIeHiay IUHKY
i OKCHTHMX CIMHTHJIATOPIB

B.JIimiueeécvruil, C.I'anxin, O.Jlanaany, E.Boponkin,
I.Bpecnascvrkuii, C.Tpemovax, M.Kocinoe

IToxazaHo MOKJIUBICTE OLEPIKAHHSA THUCIEPCHUX CIIMHTUJIATOPIB BEJIMKOI IIJIOMI[i HA OCHOBI
CeJleHiLy IIMHKY, a TAKOX JOCJifKEeHO MOMKJIMBICTH OTPUMAHHS ABOKOMIIOHEHTHMX CI[MHTH-
nanifinnx nameneit Ha ocHoBi ZnSe(Te) ra immwux cuuuTuasaTopis (CAWO4, ZnWO04, GSO,
LGSO), mo maoTh MakcuMyM JOMiHecieHIii B oGsacTi (OTOMOrIMHAHHS CeJNeHiAy IUHKY.
Haseneno excrepuMeHTaNbHI gaHi BiHOCHO BIJIMBY AOMIIIIOK OKCHIHHX CIMHTHUJISTOPIB Ha
CIIeKTPH pajiosoMiHecreHIlii 3paskiB i HA HOrJIMHAHHS PEHTIeHiBChKOrO0 BUIIPOMiHIOBAHHS
CHUMHTUNANINHNMYU IIaHEeJAMH Ha OCHOBI XaJbKOIE€HIiJHOI'0 CIMHTHUJIATOPA CEJEHiAy IIUHKY.
Busuaueno ontumasbHuUil pos3mip dacToK HeopraHiuxmoro cuumHTHaATOpa ZnSe(Te) muas oxmep-
JKaHHS MaKCHMAaJIbHOI'O CIIMHTHUJSIIAHOrO CUTHAJNY Yy CUMHTHUJIAIINHUX [MaHeasx. Pospobie-
HO METOAUKY OTPHMMAaHHS CIHUHTHUIAINIMHMX [aHeJeil Ha OCHOBI IMCIEPCHHUX IIOPOIIKiB
ZnSe(Te), mo maroTh cTabiapHi Ta OAHOPIAHI CHMHTHIALINHI XapaKTEePUCTHUKN 38 ILJIOIIUHOIO
3paskis.
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