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A method is proposed to obtain large area crystal plates using direct crystallization in
garnissage that makes it possible to omit the deformation stage of cylindrical crystal
obtained by other techniques, thus shortening considerably the process duration. The
technology provides the growing of crystal plates with any perimeter shape and of other
substances.

Ilpemnoxxen Merona MOJNYyYEHHS KPUCTANINYECKHX ILIACTUH OOJIBIIMX ILJIOIIAAEell HeIlo-
CPeICBEeHHO KPHCTAJIM3AINeil B rapHucake, 4TO IIO3BOJISIET MCKJIOUYUTH CTALUIO medopma-
UM OQUIAHIPUYECKUX KPUCTAJIJIOB, IOJYUYEHHBIX NPYIMMUA METOJAMH U 3HAUMTEJIBbHO COKpa-
IIaeT BPeMs TEeXHOJIOIMUYEeCKOro mporiecca. IIo AaHHOM TEXHOJOIMH MOMKHO IIOJYUYUTb KPUC-
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TaJJndYecKre IJIACTUHBI JI000i (POPMBI IO II€PUMETPY.

Recently, there is an increased need for
large area crystal plates, e.g., plate scintil-
lators shaped as large size screens
(500x600x10 mm3) for gamma cameras. In
general, the prior art technology of such
scintillators includes growing of cylindrical
single crystals using, for example, the tech-
nique described in [1] followed by deforma-
tion thereof [2] to obtain a large area plate.
The deforming process requires complicated
equipment and the crystal growing process
needs the use of precious metals, thus in-
creasing the production costs of the scintil-
lators. The multistage process results in a
high rejection rate both at the single crystal
growing and deforming. It is to note also
that the crystal deforming requires as much
time as its growth.

To obtain the large area crystal plates
immediately by directional crystallization,
the axial heat removal from the crystal-
lization front should predominate during
the crystal growth. In such conditions, it is
possible to provide a flat crystallization
front necessary to grow a high-quality crys-
tal and to attain a homogeneous distribu-
tion of dopant over the cross-section of the
crystal in growth. The crown crystal should
also be easily removable out of container.
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The existing techniques of crystal scintilla-
tor production using containers do not pro-
vide the desired result, since all the con-
struction materials, including graphite
being used to make container, are wettable
with alkali halide melts, thus causing the
adherence of the grown crystal to the con-
tainer walls. During the cooling of a erystal
(especially a large-area one), thermal
stresses arise resulting often in the crystal
failure. To remove the crystal out of con-
tainer, it is necessary either to flash the
crystal using a special technology (that is
very difficult at large area crystals) or to
break the container that is uneconomical.

An attempt was done to obtain the scin-
tillator crystal plates by molding [3] where
a liner was used to prevent the crystal ad-
herence to the container walls. The process
includes the selection of the mould, lining
it, the melt pouring into the mould, cooling
the plate and its removal out of the mould
together with the liner adhered thereto. The
method drawback consists in thet the melt
crystallization rate cannot be controlled
during the whole process.

In this work, the manufacturing technol-
ogy of large area crystal plates in a garnis-
sage (a "cold” crucible) is studied taking
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Fig. 1. Schematic view of the unit for plate
growing.

the plate-shaped thallium doped sodium io-
dide crystal scintillators as an example. The
garnissage methods are in use already for a
long time both in metallurgy [4] and in
crystal growth [6—7] to obtain various high-
purity materials reacting with the crucible
walls in melted state. In particular, the gar-
nissage technique is used widely in single
crystal growth by the Czochralsky tech-
nique. We have proposed a method to grow
alkali halide crystals that makes it possible
to organize the heat removal from a flat
crystallization front of practically any area
and to remove the crystal plate out of the
container. The garnissage layer is water-sol-
uble and is removable easily from the plate.
The crystallization is carried out in a vac-
uum chamber where the container is placed
with a heater positioned above it. The
heater area should be smaller than the con-
tainer one and provide a 5 to 10 mm thick
garnissage layer near the container walls
and bottom.

To grow a plate, the substance is placed
into container having a perimeter of any
shape and melted in a manner providing
some unfused dispersed substance remain-
ing near the container walls. The dopant is
introduced together with the substance to
be crystallized. The container can be made
of a metal or other material and its walls
are cooled down to a temperature lower
than the construction material melting
point. In our case, the container is made of
aluminum having the melting point equal to
that of sodium iodide. An example of the
Nal: Tl plate manufacturing is presented in
Fig. 1.
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Fig. 2. Container loading with crystal debris.

The raw material (thallium doped sodium
iodide powder) to be melted is loaded into
an aluminum container 2. The container
with the raw material is placed in the vac-
uum chamber 1 with cooled walls and bot-
tom. The chamber is evacuated down to
forevacuum. The salt drying and organic
impurities burning-out is carried out using
the known procedure. The resistance heater
3 is positioned at a distance about 10 mm
above the raw material surface and its tem-
perature is raised gradually up to the raw
melting point. Since the heater 3 has a
smaller surface area than the container 2, a
garnissage layer 5 of about 5 mm thickness
is formed at the container walls, thus hin-
dering the melt 6 contact therewith. It is
possible to provide the fusion of a thicker
raw material layer by vertical displacing the
heater 38 fixed to the rod 4 at a constant
heater power.

After the melt 6 is formed within the
garnissage 5, the heater temperature is low-
ered gradually at a rate providing the opti-
mum crystallization speed for the specific
substance (2-5 mm/h in our case), thus
causing the crystallization of the melt 6
starting from the cooled bottom of the vac-
uum chamber 1. The whole crystallization
process occurs in a forevacuum, thus favor-
ing the melt de-gassing and lowering the
bubble formation probability in the crystal.
As the whole melt 6 is crystallized, the ob-
tained plate 7 is annealed by lowering the
heater 3 temperature at a specified rate (5—
10 deg/h in our case). After the plate 7 is
cooled down to room temperature, the con-
tainer 2 is removed from the vacuum cham-
ber 1. The plate 7 together with the garnis-
sage 5 is withdrawn out of the container 2
and the garnissage layer is removed.

When a crystal debris is used as the raw
material, the powdered raw 4 (see Fig. 2)
with grain size of maximum 0.5-1.0 mm is
first placed onto the container 2 bottom
forming a layer of at least 20 mm thick-
ness. A cowling 3 is then placed onto that
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Fig. 3. Plate with garnissage.

layer and loaded with the crystal fragments
1; the gap between the cowling 3 and con-
tainer 2 is filled with powdered raw mate-
rial 4 providing the layer thickness at least
20 mm. After the loading, the cowling 3 is
removed and the raw material is melted as
above. In Fig. 3, a plate in garnissage is
shown and in Fig. 4, its cross-section (1,
the crystal; 2, the garnissage).

Using a pilot plant including a 380 mm
diameter wvacuum chamber, scintillator
plates of 180x270x40 mm?3 have been ob-
tained. To determine the scintillation char-
acteristics of the plate, detectors of
25x30 mm?2 were manufactured from its
various parts. It is seen from Table that the
energy resolution of those detectors is at
the level of the best samples grown by pull-
ing from melt [1] and the light yield is
considerably higher. The resolution over the
180x270 mm?2 area is homogeneous to
within 0.1 % and light yield, to within 0.3
conditional units (CLYU). The thallium dis-
tribution over the 40 mm plate thickness is
homogeneous to within 0.001 %.

Thus, the manufacturing of large area
scintillator plates by direct crystallization
makes it possible to omit the deformation of
cylindrical crystals, thus reducing consider-
ably the process duration and its cost, in-
cluding the rejects rate. The method pro-
posed provides a maximum simplification of
the growth unit design and minimizes the
control and measuring apparatus, thus sim-
plifying the process control. Reduced is the
number of parts made from precious materi-
als such as platinum. The technology makes
it possible to manufacture the scintillators
of any perimeter shape as well as plate crys-
tals of other substances. The process pro-
vides the de-gassing of a gas-enriched melt
as well the overheating of the melt in the
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Fig. 4. Plate cross-section.

Table . Scintillation characteristics of a
plate

Sample| Resolution, | Light yield, | Cone. Tl, %
No. % CLYU
1 6.3 4.4 0.056
2 6.3 4.1 0.057
3 6.2 4.1 0.056
4 6.2 4.3 0.056

Scintillation characteristics of crystals
manufactured according to [1]

1 6.5 2.5 —
2 6.3 2.6 —
3 6.2 2.7 —
4 6.1 2.9 —

same unit that is impossible when the scin-
tillator is produced by pulling from melt.
At the scintillator manufacturing, a consid-
erable amount of wastes is formed, but
about 90 % thereof can be used in the sub-
sequent growth operations without any com-
plex pretreatment.
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BupomyBanua kpucragdiuaux miaactua Nal:Ti
y rapsicaxi

I.I1.Kicine, B.I.Tapanmwk, C.B.AIpocnaékin

3aImpoIIOHOBAHO METOJ OTPUMAHHS KPUCTANIUHUX TJACTUH BEJUKUX ILJIOIIWH, OGesmoce-
PeIHBO KPHUCTAJiBAlli€l0 Y rapHicaKi, I[o J03BOJISE BUKJIIOYUTHU CTafiio gedpopmaril muIiHg-
POBUX KPUCTAJNIB, OTPUMAHUX IHIIMMHN METOJAMU Ta 3HAYHO CKOPOUYE YaC TEeXHOJIOTiUHOTO

mporecy. 3a JaHOI0 TeXHOJIOTI€I0 MOKHA OTPUMATU KPUCTANIYHI IacTuHU Oyab-aKoi dopMu 3a
TIepIMETPOM.
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