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THE DEVELOPMENT OF FLEXIBLE
SCINTILLATION PANELS BASED ON CHALCOGENIDE
AND OXIDE PHOSPHORS FOR ADVANCED X-RAY SCANNERS
AND TOMOGRAPHS

The technology of flexible panels and dispersed scintillation elements for X-rays registration with high uniformity of scin-
tillation parameters (mean deviation no more than 2%) and low cost has been developed. Parameters of flexible scintillation
panels have been optimized, which enable their obtaining with high spatial resolution. The panels can be used as intensify-
ing screens in medical and industrial radiography. Options for the operation of dual energy X-ray detectors working effec-
tively in X-ray energy band (from 20 to 100 keV) have been proposed. Their possible applications are multienergy scanners

and medical computer tomography.
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radiation.

Given globally increasing threat of terrorist at-
tacks, in order to keep public safety, the X-ray lug-
gage screening at the airports and ground trans-
port facilities, as well as at the post offices becomes
more and more important. For reliable detection
of explosives as compared with other materials it is
necessary to register the difference in materials
density within + 5%. This requirement can be met
using multi-energy scanning of objects by energy
selective detectors. Visualization of the internal
structure of objects with energy selective scintilla-
tion detectors is a key to improving detective abi-
lity of X-ray scanners, with parameters of detec-
tors largely effecting the quality of shadow images.

Most commonly, the detectors of X-ray scan-
ning systems are based on the use of scintillation
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crystals, composite scintillators or ceramic [1—3].
The intensity of their luminescence depends on
scintillator quantum yield, thickness of the ab-
sorbing layer and scintillator transparency to its
own luminescent radiation.

Zinc selenide (ZnSe) as scintillator crystal
was developed and prototyped at the Institute
for Scintillation Materials (ISMA) of the Natio-
nal Academy of Sciences of Ukraine. It has an
extremely high light output (70 thousand pho-
tons/MeV) and a low afterglow (<0.05% in 10 ms)
[4, 5]. Zinc tungstate ZnWO4 (the technology
for which production was developed in ISMA)
has satisfactory scintillation properties and abi-
lity to absorb high-energy X-rays due to high
atomic number.

These scintillators can be used in 2-energy de-
tector, ZnSe in the low energy path and ZnWO,
in the high energy path.
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The composite flexible scintillation panels ha-
ve significant advantages over the single crystal-
line materials:

+ No limitations of linear dimensions of compos-
ite panels;

+ High homogeneity of scintillation parameters
due to keeping high homogenization of pow-
dered crystals while manufacturing the scintil-
lation panels;

+ Controllable output optical and scintillation
parameters of composite scintillators while ma-
nufacturing;

+ Capacity variability within a wide range of
scintillation and optical properties of compos-
ite scintillators by making multicomponent
systems (based on two or more scintillation
materials);

+ improved mechanical and structural properties
as compared with the single crystalline coun-
terparts, which makes it possible to manufac-
ture detectors of arbitrary shapes.

Design of flowchart for manufacture of flexible
composite scintillators is an important and ur-
gent task for the development of advanced radia-
tion instrumentation.

The aim of this research is to develop a tech-
nology for manufacturing flexible dispersion scin-
tillation panels and elements for X-rays record.
The panels have a high uniformity of scintillation
parameters (a mean deviation of less than 2%)
and low cost (as compared with single crystals).
In the future, high-tech production of a new class
of flexible scintillation panels based on chalco-
genide and oxide phosphors for advanced scan-
ners and X-ray scanners is expected.

DESIGN OF FLOWCHART
FOR MANUFACTURE OF COMPOSITE
SCINTILLATION PANELS

Previously, zinc sulfide or calcium tungstate
phosphors were used for making the intensifying
screens for X-ray films. These phosphors are not
suitable for composite scintillators because of poor
kinetic parameters [6—8]. To get fast scintillation

composite panels has become possible due to the
use of powdered scintillators based on milled crys-
tal or crystalline oxide phosphors obtained by so-
lid-phase synthesis.

A flowchart for the manufacture of composite
scintillation panels and elements has been de-
signed and optimized. It comprises the follow-
ing steps:

1) Preparation of raw material;

2) Milling of raw material;

3) Grading of raw material;

4) Manufacture of scintillation panels and ele-
ments.

The preparation of initial raw material depends
on specific scintillator (ZnSe, ZnWO, or other)
and can consist of solid-phase synthesis of pow-
der or ceramic or growth of crystal with its fur-
ther grinding. The crystals are powdered by mill
up to particles of specified size. Having been gra-
ded by sieving the scintillation powder is mixed
with silicone composite Sylgard, with the mix
poured into mold to get a composite of given
thickness and dimensions. After polymerization,
a reflector is stuck to the scintillator that is cut
into elements of specified dimension, with a de-
viation of linear size less than 0.1 mm, by a cut-
ting plotter.

EFFECT OF ZnSe
SCINTILLATOR PARTICLE SIZE
AND COMPOSITE ELEMENT THICKNESS
ON RELATIVE LIGHT YIELD
OF SCINTILLATION PANELS

To elaborate flowcharts for manufacture of scin-
tillation panels with optimal functional parame-
ters the dependence of element’s light yield on
size of ZnSe scintillator particles and panel thick-
ness has been determined (Fig. 1 and Fig. 2).

The dependence of ZnSe light yield on particle
size distribution is defined by X-ray absorption
by luminescent particles. The larger the particle,
the bigger is percentage of absorbed X rays. The-
refore, intensity of luminescence grows as size of
crystalline scintillator particles in the composite
increases. According to Fig. 1, the highest inten-
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sity in the case of irradiation by X-ray tube with
tungsten anode having a voltage of 120 kV is re-
ported for the particles with a size distribution
200—600 pm. As the particle size decreases, the
luminescence intensity weakens. It should be no-
ted that as the size reaches a certain value (about
30 pum), luminescence goes down substantially.
This is explained by the fact that if free path of
excited electron in given material is larger than
size of particles, only a small part of X rays in-
duces luminescence. The dissipative properties
of composite scintillator environment (scatter-
ing and reabsorption of luminescence quanta)
also lead to weakening luminescence as particle
size decreases.

The optimal thickness of scintillation panel
samples for reaching the maximum quantum
yield is 1—1.5 mm for a size distribution 40—
120 pm, 1.3—1.8 mm for 120—200 pm, and 1.5—
2 mm for 200—600 pm. If the panel thickness
exceeds the optimal one, X rays are absorbed in-
side the sample and its luminescence intensity is
low, with luminescence quanta from upper layers
not reaching the photo receiver and emitted as
heat in the composite. If the panel thickness is
less than the optimal one, the amount of scintil-
lation material in the sample is not sufficient for
absorbing X ray quanta and for reaching maxi-
mum luminescence. For the panel samples of mo-
re fine-graded material, the optimum thickness
decreases (Fig. 2) and reaches 0.3—0.6 mm for
particle size 25—40 pm.

Relative light yield of crystalline and disper-
sive samples of scintillators based on ZnSe is giv-
en on Fig 3.

The scintillation panels made of more coarse-
graded ZnSe powder (200—600 um) have a light
yield close to that of the crystalline samples (up
to 95% of light yield of crystal). As particle size
decreases the light yield goes down as explained
above. It amounts to nearly 80% for a particle
size within 120—200 pm, 55% for 40—120 um,
and 30% for 25—40 um. Particles with the least
size distribution are not practically used be-
cause of very low light yield (about 10%). The
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Fig. 1. Dependence of light yield of ZnSe based scintillation
panels on particle size and sample thickness. The curves
correspond to the panel samples with particle size range: 7 —
200—600 um; 2 — 120—200 pm; 3 — 40—120 pm; 4 — 25—
40 pm; 5 — 1—25 um
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Fig. 2. Dependence of light yield of ZnSe based scintillation

panels on particle size and sample thickness. The curves

correspond to the panel samples with particle size range: 1 —
120—200 pm; 2 — 40—120 pm; 3 —25—40 pm



Galkin, S.M., Rybalka, I.A., Tupitsyna, I.A., Zvereva, V.S., and Litichevskiy, V.A.

60 F

T
BN

40

20

Type of sample

Fig. 3. Comparison of relative light yield of composite and
single crystalline scintillators of the same type and size based
on ZnSe: 1 — single crystalline ZnSe scintillator; 2—6 —
composite scintillators with ZnSe powder particle size 200—
600, 120—200, 40—120, 25—40, and 1—25 pm, respectively

light yield is compared for the crystalline sam-
ples having the same type and size as the scin-
tillation panels.

The intensity of light yield of the samples was
measured using well-known method with the
help of device for recording light yield and af-
terglow of scintillator samples under the action
of pulsed radiation. For the scintillation panels
based on oxide scintillators ZnWO,, CdWO,,
LuGdSiO (Ce), and Gd,SiO(Ce) the general
trend of light yield dependence on panel thick-
ness and particle size corresponds to that sho-
wed for ZnSe.

DETERMINATION OF HOMOGENEITY
OF SCINTILLATION PARAMETERS OF PANELS
BASED ON ZnSe, ZnWO,, CdWO,,
LGSO(Ce), and GSO(Ce)

Homogeneity of parameters is an important
property of scintillation panels. The homogene-
ity of characteristics of panels based on ZnSe,
ZnWO,, CdWO,, LuGdSiO,(Ce), and Gd,SiO(Ce)
was measured by 2D scanning of composite scin-
tillators.
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\/ Fig. 4. Stand for measuring re-
lative light yield of scintillators:
1 — X-ray tube; 2 — collima-
1 tor; 3 — scintillator; 4 — pro-

tective filter; 5 — photo recei-
- ver; 6 — amplifier

Basic parameters of measuring installation are
as follows:

X-ray source X-ray machine

RAP-150 with

W-anode;
Voltage on emitter’s anode, kV 60—140
Collimator diameter, mm 1—4
Size of photo receiver active area, mm 5%x5
Thickness of studied sample, mm 0.5—15
Size of sample displacement field, mm 200 x 200
Step size, mm 0.1

The source of exciting radiation and the record-
ing photo receiver were located on different sides
of the studied sample (Fig. 4). The displacement
system enabled 2D displacement of scintillator
with respect to source of radiation and photo re-
ceiver. Step of displacement along both axes was
0.1 mm; size of scanned area was 200 x 200 mm.

To protect receiver’s photodiode from direct
action X-ray beam, a filter that absorbs X-ray
radiation but is transparent within the optical
band of spectrum was used. A silicon photodiode
with 5 x5 mm photosensitive window was used
as photo receiver.

Amplified analogue signal is fed to the board of
12-bit ADC computer. The computer controls
2D table and X-ray beam source. The installation
enables measuring relative light yield as com-
pared with reference sample. The reference sam-
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Fig. 5. Radio-luminescence topograms: @ —ZnSe crystal wafer (size is 24 x 30 x 1 mm?®); b — ZnSe based scintillation panel,
particle size 120—200 pm (panel’s size is 24 x 30 x 1 mm?)

ple is chosen depending on specific task of mea-
surement (the same thickness with respect to
scintillation panels).

Fig. 5 shows luminescence topograms of sin-
gle crystal sample and ZnSe scintillation panel
of the same size as compared with the reference
sample. One can see that the scintillation panel
has a more homogeneous light yield of X-ray lu-
minescence. Dispersion of light yield on the samp-
le area for ZnSe panels does not exceed 2% of
mean value.

For the scintillation panels based on oxide
scintillators ZnWO,, CAWO,, LuGdSiO,(Ce),
and Gd,SiO,(Ce), dispersion of light yield on
the sample area does not exceed 2% of mean va-
lue as well.

TESTING OF PILOT SAMPLES
OF SCINTILLATION PANELS BASED ON ZnSe,
ZnWO,, CdWO,, LGSO(Ce), and GSO(Ce)

X-ray luminescence spectra of the studied scin-
tillation materials were obtained using spectro-
metric system KSVU-23 and X-ray apparatus
REIS-I at a X-ray tube voltage of 40 kV and a
current of 30 mA. The scintillation signal was re-
corded by FEP-100 with a spectral sensitivity
range 200—800 nm.
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Fig. 6. Radio-luminescence spectra of scintillation panels ba-
sed on: curve 3 —ZnSe(Te); 4 — ZnSe(Al); 5 — LuGdSiO(Ce);
6 — CdWO,; 7 — ZnWO; 8 — Gd,SiO,(Ce). Curve 7 corres-
ponds to region of silicon photodiode photosensitivity (Ha-
mamatsu S3590); k, is photosensitivity coefficient of pho-
todiode; curve 2 is radio luminescence spectrum of indust-
rial intensifying screen RENEKS EFG-G-2V based on
Gd,0,5(Tb)

The present-fay photodetectors have maximum
of spectral sensitivity in the red region (curve 2
Fig. 6). By this parameter they mainly correlate
with the sensitivity spectrum of silicon photo re-
ceiver of ZnSe based panel (curves 3 and 4 Fig, 6).
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Fig. 7. Flowchart of installation for determining spatial resolution of scintilla-
tion panels

However, this scintillator is used basically in low-
frequency paths of X-ray introscopes. For medium
energies, due to higher effective atomic number, it
is better to use ZnWO, and CdWO, (curves 6 and
7 Fig. 6). For the high-energy path, it is advisable
to use scintillators with the highest effective atom-
ic number, LuGdSiO,(Ce) and Gd,SiO (Ce) (curv-
es 5 and 8 Fig. 6). The scintillation elements based
on Gd,SiO,(Ce) unlike those on LuGdSiO (Ce)
have a low factor of relative light yield, therefore
their application is not expedient. Serially manu-
factured scintillation element RENEKS EFG-G-2V
based on Gd,0,S(Tb) (curve 2 Fig. 6) also has a
high effectiveness of absorption of medium- and high
energy X-ray radiation, but much worse kinetic cha-
racteristics than ZnWO,, CAWO,, LuGdSiO(Ce),
and Gd,SiO (Ce) [13].

OPTIMIZATION OF ENERGY BAND
OF SENSITIVITY AND SPATIAL RESOLUTION
OF SCINTILLATION PANELS OF VARIOUS
CONFIGURATIONS

For successful use in radiation instrumentation
the scintillation panel shall have a certain contrast
sensitivity and spatial resolution within a wide dy-
namic range. Depending on type of X-ray system,
the spatial resolution can vary within the range:
up to 20 line pairs/mm for the conventional film
X-ray diffraction, about 10 line pairs/mm for the
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intensifying screen — film system and from 0.7 to
4—5 line pairs/mm for digital X-ray diffraction.

Dependences of spatial resolution on particle
size of powder of scintillation panels of the three
size distribution ranges 40—60 pum, 80—100 pm,
and 140—160 pm were measured for the scintil-
lator samples based on ZnSe, ZnWO,, CAWO,,
LuGdSiO,(Ce), and Gd,SiO,(Ce).

Spatial resolution of scintillation panels was
determined using a customized stand for record-
ing shadow image of radio luminescence (Fig. 7).
ISOVOLT Titan E X-ray Generator 160 was used
as X-ray source, the spatial resolution was measu-
red with the help of standard test object EN 462-5
Duplex IQI.

The measurement method was as follows: the
sample was placed on the position table at a dis-
tance of 1 m from the emitter. Test object EN 462-5
Duplex IQI that enables determining the panel

Spatial Resolution
of Scintillation Panels Based on ZnSe, ZnWO,,
CdWO,, LGSO(Ce), and GSO(Ce)

Thickness
of sample, mm

Spatial resolution,
line pairs/mm

Scintillator powder
particle size, um

40—60 0.1-0.3 -
80—100 0.3—0.5 -
140—160 0.5—1.5 -
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spatial resolution by number of distinguished line
pairs per 1 mm was put on the sample. Under the
action of X-rays the scintillation signal was re-
corded in digital form by a photo camera.

The highest spatial resolution, about 6—7 line
pairs/mm was reported for the panel based on
powder of the first range of size distribution. This
spatial resolution was reached due to a little thick-
ness of samples (0.1—0.3 mm) and relatively small
size of scintillator particles (40—60 um) that form
a dense scintillation layer. Light absorption in
dispersive environment hampers light spread along
the sample. The ZnSe-based panels with a parti-
cle size of 80—100 um have lower spatial resolu-
tion, 4—>5 line pairs/mm, while those with a par-
ticle size of 140—160 pm have 2—3 line pairs/mm
(see Table).

Worsening spatial resolution of scintillation pa-
nels when the powder particle size grows is expla-
ined by an increase in panel transparency caused by
reducing number of scattering centers and light
absorbing surface in the scintillator powder — im-
mersive environment system. As panel transparency
increases the scattering cone of scintillation flash-
es widens. The obtained values of resolution corres-
pond to optimized parameters of X-ray radiation.

The possibility of studying inner structure of
engineering and biological objects has been test-
ed (Fig. 8). The best resolution was obtained us-
ing a scintillation powder panel with a particle
size of 25—40 pm.

The logical conclusion from the above said is
existing contradiction in parameters of spatial
resolution and candlepower of scintillation pa-
nels. The larger the scintillator particle size, the
higher is candlepower and the lower is spatial
resolution and vice versa.

MANUFACTURE OF PILOT BATCH
OF FLEXIBLE SCINTILLATION PANELS
FOR FOREIGN CUSTOMER

Using the developed technique scintillation pan-
els have been manufactured for Beijing DT Electron-
ic Technology Co., Ltd (Beijing, China). Fig. 9 shows
pictures of a batch of scintillation panels. The scin-
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Fig. 8. Shadow X-ray images of electronic

chip — a; metallic mesh — b; frozen chicken

wings — c. Size of ZnSe scintillator particles
ranges within 25—40 um

Fig. 9. Trial batch of
scintillation panels
prepared for supply

to the customer
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tillators have passed comprehensive tests and put
into application in serial X-ray scanners.

Currently, technical specifications for these pro-
ducts and conditions for further supplies of scin-
tillators to the customer are discussed.

CONCLUSIONS

Within the framework of R&D project Devel-
opment of Highly Effective Scintillators for De-
tecting the lonizing Radiation the following works
have been done:

1. Parameters of flexible scintillation panel ha-
ve been optimized, which enables obtaining pa-
nels with a high spatial resolution (up to 7 line
pairs/mm). Due to this fact these panels can be
used as intensifying screens in medical and indus-
trial X-ray analysis.

2. A technique for obtaining flexible scintilla-
tion panels and elements for X-ray radiation re-
cord having a high homogeneity of scintillation
parameters (the mean deviation does not exceed
2%) and low cost of production (as compared with
single crystals) has been elaborated.

3. Conditions for obtaining and manufacturing
pilot samples of flexible scintillation panels based
on fine crystalline chalcogenide and oxide lumi-
nescent materials have been optimized.

4. Pilot samples of flexible scintillation panels
have been tested for X-ray sensitivity, energy ran-
ge, and spatial resolution.
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5. Process control documents and laboratory
procedure for manufacturing the scintillation pa-
nels based on X-ray chalcogenide and oxide scin-
tillators have been elaborated.
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PO3POBJIEHHSA THYYKUX CHUHTUIAIINHNX
IMTAHEJIE1 HA OCHOBI XAJIbKOTEHIJTHUX
TA OKCUIHUX JIIOMIHO®OPIB
JJIA CYUACHIUX PEHTTEHIBCbKIX
CKAHEPIB TA TOMOI'PA®IB

[lns1 peecTpariii peHTTeHiBChKOTO BUITPOMIHIOBAHHS PO3-
POGJIEHO TEXHOJIOTIIO OEP/KAHHS THYUKKX JUCIIEPCHUX CIIUH-
TUJISIIHAX TIaHeJel Ta eJIeMEHTIB 3 BUCOKOIO PiBHOMIipHIC-
TIO CIMHTWIALINHNAX ITapaMeTpiB (CepeaHe BiAXUIEHHS M0-
Ka3HUKIB He Oisibiue 2 %) i HU3bKoI0 cobiBapTicTio. OnTumi-
30BaHO ITapaMeTPH THYYKHUX CIUHTWIANINHNX TaHesel, 1o
JTa7I0 MOXKJIMBICTh OTPUMYBATH IX 3 BICOKHM IIPOCTOPOBHUM
pospisnenHsaM. [laHi manesi MOXKHA 3aCTOCOBYBATH K IIiji-
CHJTIOIOY] €KPaH! B MeJIMYHIN Ta TPOMHUCIIOBOI pEHTTeHOTpa-
(ii. 3anpornoHoBaHO BapiaHTH peasizallii 2-eHepreTHYHUX
JIETEKTOPiB PEHTTEHIBCHKOTO BUIIPOMIHIOBaHHS, SKi edek-
TUBHO TIPAITIOIOTh B [lialla30HaX €HEePTiil PeHTTeHiBChKOTO
BurnpomintoBanns (Biz 20 1o 100 keB). MosxuBe ix 3acto-
CyBaHHSI — B MYJIBTHEHEPTeTHYHNX CKaHePax i B MeNIHUX
KOMIT'IOTEPHHIX ToMOrpadax.

Kn10406i ¢106a: KOMIIO3UT, CHUHTUJISIIIHA [TaHEeJb, APi0-
HOKPUCTATIYHUN CIUHTUIATOP, IETEKTOP, pajiorpadiynuii
CKaHep, 10Hi3yl04e BUITPOMiHEHHS.
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PASPABOTKA TUBKUX CHUHTUJIJIATIMOHHBIX
IIAHEJIEV HA OCHOBE XAJIbKOTEHU/THBIX
N OKCUAHDBIX TIOMUHO®OPOB
JJId COBPEMEHHDBIX PEHTTEHOBCKHUX
CKAHEPOB 11 TOMOTPA®OB

JIJIs perreTpaly PeHTTeHOBCKOTO M3/yYeHusI pa3paboTa-
HA TEXHOJIOTHSI TIOJTyYeHMsT THOKMX JUCIEPCHBIX CIIUHTUILIS-
IIOHHBIX NIAHEJIEIl U 2JIEMEHTOB C BBICOKOW PABHOMEPHOCTBIO
CIMHTHUISIIIOHHBIX [TAPAMETPOB (CPejiHee OTKIIOHEHE TTOKa-
3areJieii He Gobliie 2 %) U HU3KOIT cebecTonmMocTbio. ONTHMI-
3UPOBAHBI [TAPAMETPbI TMOKUX CHMHTHJUISIIIMOHHBIX [TAaHeJel,
YTO ZIAJI0 BO3MOKHOCTbH TIOJIYYaTh MX C BBICOKMM IPOCTPAHC-
TBEHHBIM paspenieHreM. J[aHHble TTaHen MOKHO IIPUMEHSITh B
KauecTBe YCUJIMBAIONINX 9KPAHOB B MEJIMITIHCKO U TIPOMBIIII-
JieHHol pentrenorpabun. IIpenoskeHbl BapuaHThl peasn3a-
MU JIByX9HEPTeTUUECKUX JIETEKTOPOB PEHTIEHOBCKOTO M3JIy-
venust, 3 beKTUBHO PAOOTAIOIINX B IHATIA30HAX SHEPTHIA PEH-
treHoBckoro uaaydenust (ot 20 mo 100 kaB). BoamoxkHble Ha-
IIpaBJIeHHsT UX TPUMEHEHUS] — B MYJIBTUOHEPreTHYECKHX CKa-
Hepax U B MEJIMITIHCKUX KOMITBIOTEPHBIX TOMOTpadax.

Kawouesvie ci106a: KOMIO3UT, CHUHTUJUISIIMOHHAS Ha-
HeJlb, METKOKPHCTAIMYECKHI CIIMHTUILIATOP, AETEKTOP, pa-
auorpadguIecKuii ckanep, HOHU3UPYIOIIee U3/ TydeHHe.
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