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Dynamics of heat removal from the growth furnace to the inner surface of the water
cooled walls has been experimentally detected for the first time by an example of a
"ROST" type setup when growing Csl(Na) single crystals of 320 mm in dia. Evolution of
temperature field on different growth stages, as well as role of the precipitated melt
condensate in heat transfer has been discussed. Possible origins of structure defects in
crystals caused by anomalous intensification of heat transfer between the growing crystal
and environment (growth furnace walls) have been founded.

Buepebie 9KcIepuMEHTANBHO BBIABJIEHA IUHAMUKA OTBOJLA TEILJd OT PACTYIEro KPUCTai-
Ja K BHYTPEHHEH IIOBEPXHOCTU BOJOOXJAMKIAEMOII CTEHKN POCTOBOM IIeur HA IpUMeEpPe BaKY-
ymuOM yeranoBku cepuu  POCT" mpu BnipamuBaunu momokpuctaanos Csl(Na) auamerpom
320 mm. OGcy:xmaeTcss 9BOJIONUS TEMIEPATYPHOTO TOJA HA Pa3JIUUYHBIX CTAAUAX POCTa
KpUCTANIa, a TAKIKe DOJb OCAIKAAION(erocs KOHAeHCAaTa paclljiaBa Ha CTeHKaX PpPOCTOBOM
meuyr. YCTAHOBJIEHBI BO3MOKHBIE MCTOUHUKU U TeOMETPUYECKOe MOJIOKeHNe CTPYKTYPHBIX
neeKTOB B KpucTajdgax, O0yCJOBJEHHBIX AKTUBU3ANUeidl Temaoo0MeHa MeKAY DPACTYIUM
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KPUCTAJIJIOM U OKpYy:Karolieil cpepoii, a, TouHee, CTEHKAMU POCTOBOIT TeYmn.

Structure defects formation during the
large-size alkali halide single crystals
growth leads to the substantial decrease of
the single crystalline material applicable for
the further machining. Obviously, in many
cases this fact is connected with possible
presence of uncontrolled temperature field
changes inside the furnace [1].

A procedure of non-contact temperature
measurements on the growing crystal sur-
face, as well as on crucible elements and
growth furnace inner walls using a Raytek
Marathon MA2SC infrared thermometer was
developed in [2]. Temperature distribution
on the crucible and ecrystal surface was
studied in [2, 3]. It was shown that tem-
perature profiles on the side and upper sur-
faces of the single crystal abruptly change
in the moment when crystal starts to leave
the crucible limits.

The great majority of radiant heat trans-
fer energy during the crystal formation is
directed from the bottom and side heaters,
through the melt and crystal, to the water
cooled furnace walls [1]. Two mechanisms
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act here: wall heating due to direct radia-
tion from the heated crucible through the
"free"” melt surface, and radiant heating
from the growing crystal surface.

Thus, temperature of the furnace walls
covered with non-uniform condensate layer
from within (Fig. 1) is an important origin
of information allowing one to describe the
heat transfer peculiarities on the different
stages of crystal growth process leading to
changes in the crystallization front shape.
The experiment was carried out at growth
of Csl(Na) crystals of 320 mm in dia. The
reference point at scanning by the height
corresponds to the upper crucible edge
level.

One can see (Fig. 2) that all the curves,
at the first glance, have the similar charac-
ter. Let us consider in more detail the seed-
ing stage (curve 1), radial growth till the
preset diameter value (curve 2), and stage
when the crystal upper butt leaves the cru-
cible limits. The curve 1 has the highest
temperature level despite of the fact that
crystal itself does not exist yet. We suggest
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Fig. 1. Scheme of the experiment: 1 — crys-
tal, 2 — melt, 3 — crucible, 4 — removable
quartz window.

that this effect is the evidence of heat
transfer to the water cooled furnace walls
from the crucible surface and relatively
large "free" melt surface. The small tem-
perature gradient on the 0—-200 mm height
has the same reasons. Then, furnace walls
temperature decreases and temperature gra-
dient increases due to overlap of the melt
surface square by the growing crystal
(curves 2, 3). It was shown in [2] that the
upper crystal butt is covered by a thick
heat-insulating condensate layer blocking a
part of radiant heat flux from the inside of
the crystal.

During the crystal body growth the free
melt surface square is significantly smaller
than one at radial (cone) growth, and side
crystal surface is less covered with melt
condensate and is capable to transmit more
radiant energy. Just the same effect is ob-
served on curves 4—6. The sharp tempera-
ture increase on the curve 4 in compare to
the curve 3 is an evidence of heat transfer
increase from the side crystal surface in the
moment when the crystal leaves the crucible
limits; herein, relative temperature in-
creases at 50-100°C.

We suggest that sharp changes in heat
removal from the crystal requires the ade-
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Fig. 2. Plots of relative temperature change
on the inner surface of the growth furnace
upper case vs. case height at different
growth stages: I — seeding, 2 — start of the
cylindrical part growth, 3 — cylindrical part
height 50 mm (the crystal leaves the crucible
limits), 4 — 205 mm, 5 — 370 mm, 6 —
540 mm. Below — photos of the correspond-
ing growth stages.

quate action from the automated growth
control system, i.e., active compensation of
heat removal using the bottom heater which
is responsible for this process. It was shown
in [4] that structure defects caused by melt
overcooling are located just at this height
of the crystal cylindrical part. Moreover,
the results obtained are very important ma-
terial for numerical simulations of global
heat transfer inside the furnace at continuous
feed growth of alkali halide single crystals.
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JIuHaMiKa TemJoBiABeAeHHS NMPH BUPOIIYBaHHI
BEJIMKOTa0ApPUTHUX JYKHOTAJOIMHUX KPHUCTAJIB

B.I.'opuneyvrui, O.I].Cidneyvruii, B.B.Bacunves

Bnepiie ekcrepuMeHTAaIbHO BHABJIEHO AUHAMIKY BigBomy Tema Bix xpucrasa, 10 BHUPO-
LIyeThCH, /[0 BHYTPIIIHLOI IIOBEPXHI BOJOOXOJOIKYBAHOI CTIHKM POCTOBOI I1evi HA IPUKJIALL
BakyyMHOi yetanoBku cepii "POCT" mpwm Buporysauni momoxpuctanis Csl(Na) giamerpom
320 mm. OGroBOPIOETLCA €BOMIOIIA TEMIEPATYPHOTO TIOJNA HA PIBHUX CTAAIAX BUPOIIYBAHHSA,
a TAKOMK POJb KOHJIEHCATY POS3IJIABY, IO OCATIKYEThHCS HA CTIHKax pocToBoi medi. BeTanos-
JIeHO MOJKJWBI AsKepesa Ta TeoOMeTpUYHEe PO3TAITYBaHHA CTPYKTYPHUX AedeKTiB y KpucTa-
Jax, 10 oOyMOBJIeHI aKTMUBisallielo TeImIooOMiHy MisK KPUCTAJIOM, IO BUPOIIYETHLCS, Ta
HABKOJIMIITHIM CepeJOBUIIEM, a caMe CTIHKaMU POCTOBOI Teui.
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