News of Technology

Functional Materials 11, No.4 (2004)

Changes in crystallization conditions when
growing large single crystals at melt feeding
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It has been shown that the dopant concentration fluctuates by volume of different
single crystals with the same diameter due to the changes in crystallization front volume.
It has been established that the cause of this effect is radiative heat transport from the
crystal to the crucible upper part and, then, local changes in thermal conditions near
crystallization front. It has been shown that minimal side heater temperature needed for
melting of the raw material depends on the ingot length at the moment. An algorithm of
the process control is developed providing temperature stabilization in the peripherical
circular vessel at the axial growth stage and allowing one to obtain single crystals with
uniform dopant distribution with good reproducibility.

ITokazaHo, YTO OCHOBHOM IPUUYMHON KOJIe0AHHA KOHIEHTPAIlMM aKTHBATOpa B Oo0BbeMe
PasHBIX MOHOKPMCTAJIJIOB ONWHAKOBOTO [IHaMeTpa ABJIAeTCA M3MeHeHue ob0bema (poHTA
KPUCTANIU3AIUKU. ¥ CTAHOBJIEHO, UTO MPUUYNHON, MPUBOAAINEH K JaHHOMY 3(hdeKTy, ABIAeT-
cs JIYYMCTBIM TPAHCIOPT TeIlJia OT KPHCTAaJLIa K JJIeMEeHTAM BepXHell YacTu THUIJIS U IOCJe-
Iyollee JOKAJbHOE M3MEHEeHHe TEILJIOBBIX YCJOBHUM BOJM3M (PPOHTA KPUCTAIINU3AIUN. BbIsAB-
JIEHO, UTO MUHMMAJLHO HeoOXOoAuMasa TeMIeparypa O0OKOBOrO HarpeBaTe s, 00eclIeunBaoIasd
IJIaBJIeHHE ChIPbs, Pa3JHYHA I[IPH PasHOU [InHe cAUTKa. PaspaboTaH aJropuTM yIpaBiie-
HHS IPOIECCOM BBIPAIMBAHUA, IPEIyCMATPUBAIOINI CTAOMIN3AIMI0 TeMIePATYPLl B IIEPH-
(hepruecKoOil KOJbIIEBOM €MKOCTH HA JTalle POCTa CANUTKA B AJINHY, HO3BOJAIOIINNA BOCIIPOM3-
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BOAMMO IIOJIyYaTh MOHOKDMCTAJJIBI C PABHOMEDPHBIM pacIpejejieHreM aKTHBaTopa.

Studies of the grown large-size CsI(Tl)
and Nal(Tl) scintillation single crystals with
the same diameter show the different
dopant content (10-15 %) in the ingots
from experiment to experiment. In order to
find out the causes of the effect observed,
the crystallization front (CF) transforma-
tions were studied in dependence on the
crystal diameter at different growth stages.
Under the CF we mean the crystal part im-
mersed into the melt.

The experiments were carried out at the
first and second generation of "ROST" type
vacuum-compression units [1]. Csl(Tl) and
Csl(Na) single crystals of 270-320 mm di-
ameter in the crucible of 375 mm diameter,
and CsI(Tl) and Nal(Tl) crystals of 480-

806

540 mm diameter in the crucible of 600 mm
diameter were obtained under automated
control of the growth process. Melt feeding
was carried out by the raw material alter-
nately from the accessory hopes, thus, sus-
taining the constant melt level in the cruci-
ble. The growth process control was exe-
cuted using a feedback circuit of the bottom
heater temperature T}, based on the cur-
rent information about the melt level in the
crucible [2].

Bottom heater (1) in "ROST" type units
(Fig. 1) is the main one providing controlled
crystallization of melt on a seed. Its contri-
bution into melt temperature is decisive,
hence, measured changes in T, mainly
mirrors the changes in heat removal from
the crystal. The main task of the bottom
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Fig. 1. Scheme of the large alkali halide sin-
gle crystals growth using "ROST" type unit,
with and without bottom heater temperature
correction: 1 — side heater, 2 — bottom
heater, 3 — crucible peripherical circular
vessel, 4, 5 — crucible vertical wall, 6 —
crystallization front when the side heater
temperature correction is applied, 7 — crys-
tallization front without the side heater tem-
perature correction, 8 — melt. The region of
the side heater influence is shown by arrows
and circles.

heater 2 is melting of the raw material on
the bottom of the peripherical circular ves-
sel 3 of the rotated crucible 4, which is
separated from the crystal by the vertical
wall 5. Herewith, crucible construction it-
self decreases the T,, influence to mini-
mum. More precisely, the crucible construc-
tion itself reduces to minimum the influ-
ence of temperature field near the side
heater on total temperature field of the cru-
cible, and even of the furnace (the confined
overheated region of the crucible, crystal
and melt are denoted by the arrows, Fig. 1).

Conscious limitation of T, influence
(only for raw material melting in the
peripherical circular vessel) was found to be
successful as well for salvation of the main
task of crystallization process — formation
of the sufficient temperature gradient in
melt and, consequently, formation of the
convex CF.

The temperature field character in melt
determines convective fluxes in it, which,
in turn, take part in CF formation, is deter-
mined by the ratio of the crystal diameter d
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Fig. 2. Scheme of transformations in CF vol-
umes (shown by dashed lines and shaded)
when growing single crystals with the side
heater temperature correction (on the left in
the right figure) and without the correction
(on the right in the left figure).

to the crucible diameter D. The formed con-
vex front at d/D = 0.8 becomes almost
plane at d/D = 0.5, and occupies significant
volume at d/D = 0.9 as were noted in [3].
Accounting for these conditions and consid-
erations of the best promising reliability of
the growth process, the optimal d/D value
not exceeds 0.8 for these setups. In this
case the observed non-significant increase
in the CF volume (the left crystal in Fig. 2)
is compensated by the programmed decrease
of the dopant concentration in the feeding
salt at the crystal elongation. For second
generation units this correlation can be in-
creased up to d/D = 0.85.

When trying to grow single crystals of
bigger diameter at d/D > 0.83 the suffi-
cient changes in CF volume at crystal elon-
gation are observed. The gap between the
crystal and crucible walls influences the
evaporation rate of the wvolatile dopant
(such as thallium iodine). Such process is
accompanied by the changes in CF shape
(Fig. 1, position 6: Fig. 2, the right crystal;
Fig. 3, curve 1). In the issue, this can re-
sult in bigger CF diameter in compare to
the crystal diameter above the melt surface.
Due to the melt volume decrease during the
process this should affect the corresponding
dopant concentration increase in the crystal
in the end of the growth process (Fig. 3).

Manifestation of such effect in the same
time promotes the emergence of the sequen-
tial chain of negative factors, such as a
disturbance of laminarity of convective
fluxes in melt due to decrease of the real
melt column height in the crucible with the
corresponding loss of CF smoothness (Fig.
4). Bigger CF decreases the ratio of real
melt column height to diameter.
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Fig. 3. Dopant content in crystal vs. crystal
length when the melt volume decreases in the
end of growth by 20 % (curve I) and by
50 % (curve 2).

On the other hand, such process is ac-
companied (as the ingot length rises) by the
decrease of axial temperature gradient in a
crystal part near the CF and by an increase
of evaporation rate of the volatile dopant in
the circular vessel. The both effects are
connected with increase in circular vessel
temperature.

Probably, the fact is that the ingot itself
is an isotropic semitransparent medium per-
forming a radiative heat transport from the
heaters and melt in the radial direction to
the water cooling internal walls of the
growth furnace. The external body of the
furnace consists of double shell with water
between. When the crystal cylindrical sur-
face becomes closer to the crucible walls at
d/D = 0.83, this effect is more noticeable.
The internal vertical wall (Fig. 1, position
5) of the peripherical circular vessel is sub-
jected to thermal radiation of the crystal.
Receiving a thermal flux increasing with
the height of the cylindrical part of the
crystal (Lcyl) the vertical wall, in turn, in-
creases temperature of the entire circular
vessel and of a melt surface layer. Evidently,
these changes in conditions influence the CF
shape of the growing crystal (Fig. 2, the
right crystal, and Fig. 3, curve 2). When
growing doped crystals, this, in turn, leads to
changes in dopant concentration in the crys-
tal and, correspondingly, in the melt.

Scheme of such changes in CF shape is
well observed in the end of growing (Fig. 1)
in compare to another crystal that was
growing at T, being held permanently at
minimal value. It should be noted that tem-
perature deviation on the bottom of the
peripherical circular vessel can be identified
visually (within the accuracy *2°C) compar-
ing the bottom colour with that of the melt
near the meniscus between the crystal and
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Fig. 4. Real shapes of crystallization fronts
(shown by arrows) in Nal(Tl) ingots of
520 mm dia. observed when growing single
crystals of limiting diameter with the tem-
perature correction (on the left) and without
one (on the right).
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Fig. 5. Side heater temperature vs. length of
Csl(Na) ingots of 270 mm dia. (curves 1, 2),
and Csl(Na) and Csl(Tl) ones of 320 mm dia.
(curves 3, 4).

melt. Temperature near the crystal and,
consequently, a melt colour remain almost
invariable during the growth.

The ideology of growth of limiting di-
ameter crystals is the following. The initial
Ty,s value is being set at 20-30°C higher
than the temperature required for salt melt-
ing in the circular vessel at feeding. At the
radial growth stage T}, is being decreased
smoothly as the crystal radius increases in
order to Ty, would be approximately as
minimal as necessary at the initial moment
of the growth. The optimal T,, value and
the rate of its decrease were determined ex-
perimentally. Further, when the crystal
elongates and the thermal flux from the
melt to the circular vessel increases, T},; is
being continued to decrease (see Fig. 5) pro-
portionally to the crystal length. In other
words, as can be seen from the experiment
(Fig. 5), the minimal necessary temperature
Ty,: Providing the raw material melting in
the circular vessel on the axial growth stage
were found to be different at the different
lengths of the ingot, as well as for the crys-
tals with the different diameters (the
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curves 1, 2 correspond to the diameter
270 mm, the curves 3, 4 were obtained for
the crystals of 320 mm diameter). As one
can see, in the first case the value of the
circular vessel overheat compensation is
39°C, the one in the second case is 71°C.
This fact itself is very notable and contains
additional information about kinetics of the
heat removal. Similar dependences were ob-
tained for the crystals of 520 mm diameter.

Thus, the following conclusions can be
made:

— according to expectations, the main
cause of the dopant fluctuations by volume
of the crystals of different diameter is the
changes in CF volume at the different cur-
rent T, , values;

— the educed effect exhibits under local
changes in thermal conditions near the CF
as a result of heat exchange between the
cylindrical part of the crystal (rising during
the growing) and the upper crucible part, in
particular, the peripherical circular vessel;

— the improved algorithm of the growth
process control has been developed allowing
one to account in total thermal balance for
increasing additional overheat of the
peripherical circular vessel by the growing
crystal. This overheat, in turn, leads to
non-significant changes of the CF shape of
limiting diameter ingots and, correspond-
ingly, to the reproducible dopant distribu-
tion along their lengths.
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3MiHa yMOB KpHcTaJjdi3alii npum BHPOILYyBaHHI
BEJIMKOTa0apUTHUX MOHOKPHCTAJIB 3 MiAKMUBJIEHHAM
po3miaaBy

B.I.'opuneyvruii, 5.B.I'punvoé, B.I.Cymin, M.M.Timowenkxo

TloxkaszaHo, IO OCHOBHOIO IPUYMHOI0 KOJIMBAHHS KOHIEHTpAaIil akTuBaTopa B 006'eMi
Pi3HMX MOHOKPHCTAJIB OJHAKOBOTO JiamMeTpa, € 3MiHa 00'emy GpoOHTY Kpucraiisamii. Bera-
HOBJIEHO, IO IPUUYMHOIO, sIKA NPU3BOAUTH IO HAHOTO e(EeKTy, € IPOMEHUCTUIH TPAHCIOPT
TeIlJla Bify Kpucraja OO €JIeMEeHTiB BEePXHBOI UaCTMHM THUIJVIA i HACTyIHa JIOKaJbHA 3MiHa
TEILIOBUX YMOB IOOau3y (GpoHTY Kpucrainizamnii. Buasmeno, mo mMiHiMaabHO HeoOximHA TeM-
meparypa OiuHOTO HarpiBaua, 1[0 3a0esmneuye IIJIaBJeHHSA CHUPOBUHU IIPU PisHIN DOBKUHIL
3JINTKA, BUABJAETHCA DisdHOI0. P03po0seHO ajropmTM KepyBaHHA IPOIECOM BUPOIIYBaHHA,
mo mepexnbadvae crabimisamiio Temmepatypu y IepupepuuHiil KinbleBii emHOcTi Ha erami
3POCTAaHHA 3JUTKA B HOBXKUHY, IO AO3BOJIAE BiITBOPIOBAHO ONEP:KYBATH MOHOKDUCTAJNU 3

PiBHOMipHUM pO3HIOJiJIOM aKTUBAaTOpA.
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