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A possibility is shown of tomography applications of scintillation 2D matrices based on
aluminum-doped zinc selenide (ZnSe(Al)). Procedures for preparation of multi-element
matrices are described, as well as results on inter-element interference. For the first time,
chalcogenide scintillators based on zinc selenide were tested on biological objects (blood
vessels) at "Filips"”, Israel, for detection of cholesterol plaques.
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TloxasaHa BOSMOMKHOCTb IPUMEHEHUS CUUHTWIIAIMOHHBIX 2D MaTpul, Ha OCHOBE CeJeHU-
Ia UuHKa, jJerupoBanuoro amiomuuauem (ZnSe(Al)) mms rtomorpados. IIpuBeseHbl METOAUKU
MBTOTOBJEHUS MHOTOJJIEMEHTHEIX MATPUIL W Pe3yJbTATHLI KOHTPOJS B3aMMOBIUAHUS MEKTY
ayleMeHTaMU. BIlepBhle MOKAa3aHbl Pe3yJLTATHLI WCTBITAHUA XAJTBKOTEHUIHBIX CIAHTUAIIATO-
POB celeHMAa IUHKA HA OUOJOTUUECKUX OO0BLEKTaX (KPOBAHBIX COCYAaX) IO BLIABICHUIO
XOJUCTUPUHOBLIX OnaAtier ua ¢pupme  Filips” Wspauin.

Cunarunaniitai 2D-matpuni aiaa mudposoi Tomorpadii. €.@.Bopoukin, BJ].Puxcukxos,
10.B.Manioxin, B.B.I'pinvos, €.1. Illesuenxo.

IToxasano moxuciusicmv 6UKOPUCMAHHA CUUHMULAYLLHUX MAMPUYL HA OCHO8L celeHidy
YuHKY, nezosanozo aniominiem (ZnSe(Al)) mus romorpadii. IlpuBeseHO METOAUKH BUIOTOB-
JeHHA 0araToeJieMeHTHUX MATPHUIL TA Pe3yJbTaTH KOHTPOJIO B3aEMOBILIMBY MiXK dJieMeHTa-
mMu. Bmepire nokasaHo pesyJabTaTH BUIIPOOYBaHHSA XaJbKOTeHIIHUX CIUHTUIATOPIB
cesleHiny numHKY Ha Olosoriummx spaskax (KpPOB’AHHX CYIUHAX) 34 BUSHAUEHHS XOJECTHUPU-
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HoBux Oadamok Ha ¢ipmi "Filips” (Ispains).

1. Introduction

Digital images, as compared with those
on analog film carriers, can be much more
easily studied, processed and stored. Digital
tomographs operate on the real time scale,
and the images can be obtained instantly.
Multiple images can be archived, which al-
lows analyzing the progress of disease or
sanation at any desired moment. Digital im-
ages can be sent via e-mail without loss of
quality (256 shades of grey color) to consult
specialists of leading medical centers [1].

The present development is based on
scintillation technologies and can be used in
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production of multi-element assemblies (2D-
matrices) for visualization of radiation in
systems of radiation monitoring, non-de-
structive testing and medical tomography.
The main principle for determination of
resolution of a scintillation matrix is con-
sidering the radiation detection process as a
sum total of the constituent processes. The
process of gamma-radiation detection in the
scintillation matrix can be described as:
1) absorption of gamma-quanta and genera-
tion of light in the crystal; 2) collection of
light and its path to the photodiode;
3) shapsing of the electric pulse by the pho-
todiode; 4) amplification and detection of
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Fig. 1. Scintillation workpiece glued to the substrate. Fig. 1a, b, ¢ — scintillation work-

piece cut into 16 channels.

the electric signal coming from the photo-
diode.

The intrinsic resolution of a scintillator
crystal is related to many effects, such as
non-uniformity of its scintillation effi-
ciency, non-uniformity of reflecting ability
of the reflector, as well as non-proportional-
ity of the scintillator response with respect
to the energy of gamma-quanta.

Gamma-quanta, when absorbed by the
scintillator, generate electrons and holes as
a result of photoeffect. In the scintillator,
these electrons pass their energy to a light
pulse or heat (in the case of non-radiative
recombination). To lower the light losses,
the scintillation material should be of high
optical quality, and its side surfaces should
have high reflective ability to decrease the
probability of signal flow to neighboring
pixels.

Application of metal (silver) reflective
coating (as compared with traditional pow-
der reflectors) minimizes inter-channel in-
terference in the scintillation matrix due to
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suppression of movement of the photoelec-
trons formed from one pixel to another.

2. Results

Our task was to develop a more simple
and cost-saving method for preparation of
multi-element assemblies, which should
have high spatial resolution in the low-en-
ergy range of X-ray radiation.

This is achieved by cutting a plate of the
scintillation material of the required size
into required number of elements in two
mutually perpendicular directions; between
them, metal (silver) reflectors are placed.
As a scintillation material, we use alumi-
num-doped zinc selenide (ZnSe(Al))[2]. Be-
fore cutting, a plate of this material is
fixed on a light reflecting substrate.

This method of preparation is simple and
not expensive, because there is no need to
fabricate individual elements separately —
they are obtained from one plate that is
inflexibly fixed on a substrate. The plate is
cut into elements in two mutually perpen-
dicular directions. No additional accessories
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Fig. 2. Photograph of 198-pixel scintillation
matrix of ZnSe(Al).

are needed. After cutting, no polishing of
the sides of each element is needed, which
minimizes fissuring and cracking. Equal
geometrical dimensions of all the elements
are ensured, as well as equal thickness of
reflector between the elements. This proce-
dure allows preparation of multi-element ar-
rays and matrices with 1x1 mm? minimum
size of each element. Scintillation matrices
obtained by this method ensure sharp im-
ages, i.e., high spatial resolution of the as-
sembly (array, matrix) [3].

The ZnSe(Al) scintillator used in our
work shows good optical matching with the
photodiode. It is characterized by high sen-
sitivity, wide dynamic range (10%) and fast
response in the low-energy range (30—
50 keV) of X-ray radiation.

a)

The use of a reflective substrate and
metal light reflector between pixels ensures
high light output and prevents interference
between channels, which also favors high

sensitivity and spatial resolution.
Suitable materials for the substrate are

light-reflecting ceramics or fluoroplastics.
Metal coatings of silver, indium or alumi-

num can be used as reflectors.
Fig. 1 presents step-by-step drawings of

the matrix preparation technology.
Fig. 2 shows a photo of the 198-pixel

scintillation matrix of ZnSe(Al).
Fig. 3 shows tomographic images (of a

human patient) obtained using CdWO, crys-

tals (a) and ZnSe(Al) matrices (b).
As it can be seen, in the latter case the

blood artery with a neoplasm (cholesterol
plaque) can be discerned much more clearly.
The image obtained without the low-energy
component shows the blood vessel only
vaguely, and the neoplasm cannot be no-

ticed at all.
Fig. 4 shows three-dimensional hysto-

grams of inter-channel interference in
ZnSe(Al) scintillation matrices with differ-

ent light-reflecting coatings.
When a metal layer is deposited onto the

side surfaces of each pixel of the scintilla-
tion matrix, the interference is reduced by
two times, improving the image sharpness.
Also, the use of metal reflector increases
the relative light output of the matrix,
which positively affects the quality of the
tomographic examination.

Fig. 8. Tomographic images obtained with single crystal CdWO, (a) and using 2D-matrix based on

ZnSe(Al) (b).
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Fig. 4. Three-dimensional histogram showing pixel interference in ZnSe(Al) scintillation matrix
with powder light reflector (a) and metal reflector (b).

3. Experimental

It is required to fabricate a ZnSe(Al) ma-
trix containing 3136 pixels, The pixel size
is 1x1x0.6 mm, the light-reflecting channel
width is 0.3 mm. The ready ZnSe(Al) plate
workpiece of an arbitrary size and thickness
0.6 mm is glued onto ceramic light-reflect-
ing substrate. The workpiece is fixed on a
machine tool with diamond saw with outside
cutting rim. The first basic cutting is made
in such a way that the saw cuts the work-
piece and the light-reflecting substrate
through. Then 55 cuts are made with step
1.3 mm. The workpiece plate is cut to
0.6 mm depth to reach the light-reflecting
ceramic substrate. The last cut, like the
basic one, is made with 1.8 mm step. The
workpiece that was cut in this way is ro-
tated by 90° and further cut into 56 chan-
nels in a similar manner. The workpiece
that was cut in two mutually perpendicular
directions is taken out from the machine
tool and rinsed in an ultrasonic bath to re-
move cutting chips from the side surfaces.
Then light-reflecting metal (silver) layer is
applied onto side surfaces of the channels.
The matrix channels are filled with adhe-
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sive to ensure rigidity. After polymeriza-
tion of the adhesive, the scintillation ma-
trix is ready.

4. Conclusions

The proposed technology allows prepara-
tion of 2D-matrices with high spatial reso-
lution of shadow X-ray images. This method
can be realized without specially designed
complex accessories, it is simple, not expen-
sive, and readily reproducible for full-scale
production.

The produced 198-pixel scintillation ma-
trices on the basis of aluminum-doped zinec
selenide (ZnSe(Al)) crystals have been tested
on a two-energy tomograph in Israel. It was
possible to detect formation of cholesterol
plaques inside human blood vessels.

Procedure for testing of multi-element
scintillation matrices for check-up of chan-
nel interference has been developed, and ad-
vantages of using metal light reflectors
have been shown.
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