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Thermal lag of the heater — crucible — crystal system has been determined at a large
size Csl(Na) single crystal growing from constant melt volume on a seed. It has been
established that during radial growth the temperature stabilization time at the bottom
heater power variation is 1.3 times shorter than that at the side heater power variation.
During axial growth, the time difference decreases, drops to O at cylinder height about
50 mm, and, then, reverses its sign.

OrpefieieHO BpeMsi TEMIIEPATYPHON WHEPIIUU CHUCTEMbI ~HATPEBATENb — TUTeNlb — KPUCTAII
(2/1eMEHTOB TEIJIOBOTO y3Jia IedYr) MPU BBIPAIUBAHUYN KPYITHOTA0aAPUTHBIX MOHOKPUCTAJIJIOB
Csl(Na) uma saTpaBKke M3 pacimiaBa IIOCTOSHHOTO 00'beMa. YCTAHOBJIEHO, UTO HA CTALUU DPaIu-
aJIbHOTO POCTa CJAUTKA BPeMs CTAOWIM3AIlUN TEeMIEpPATyPhl MPU ee U3MEHEeHUUW Ha JOHHOM
HarpeBaresie B 1.3 pasa Kopoue, uem orT GOKOBOro HarpeBarejsd. IIpu aKcuajJbHOM poOCTe
KPHCTAJJIa PASHUIIA BO BPEMeHaX COKpall[aeTcs, 3aTeM CTAHOBUTCS PABHO! HYJIO IPU BBICO-
Te OUIUHAPUUYecKod uactu ~50 mwm. Ilpu ganpHelinieM yBeJWYEHUN BBICOTHI KPUCTAJIA
cUTyanus U3MeHseTCs Ha MPOTUBOIOJIOMKHYIO.
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Automated continuous method of alkali
halide crystals (AHC) growing realized in
the industrial "ROST" type equipment [1-3]
is being applied for several last decades for
needs of modern materials science [4, 5].
The crucible and crystal rotation provides
thermal field symmetry within the crystal
and the melt and promotes the natural con-
vection of the melt and the dopant. The
constant melt level in the crucible provided
by the raw material feeding sustains the
stability of thermal conditions at the phase
boundaries. The method provides stationary
conditions near the crystallization front in
order to obtain ingots with high structure
perfection and homogeneous activator dis-
tribution throughout the volume. Auto-
mated control system ensures growing of
large crystals with reproducible dimensions

Functional materials, 14, 4, 2007

and diameter maintenance precision within
at least 1.5 %.

The growth furnace in a "ROST" type
apparatus (Fig. 1) comprises the two basic
water cooled parts. The thermal camera
with crucible (1), periphery circular vessel
(PCV) (2), side heater (3), and bottom one
(4), melt (5) and heater thermal insulation
(6) are situated in the lower part. The large
size crystal (7) is situated in the upper part.
Thus, the furnace construction predefines
the thermal flux direction from heaters
through the crucible, melt, and crystal to
the upper case.

The crystal diameter automated control
at discrete pulling of the crystal and discrete
melt feeding is maintained indirectly — by
bottom heater (t,,,) temperature correction
based on comparison of melt level lowering
value with a predetermined one in every
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Fig. 1. Scheme of a ROST type apparatus and
measurement points at growing crystal (A,
A, and A,) and crucible elements (B, C, D).
1 — Crucible; 2 — PCV; 3 — side heater; 4 — bottom
heater; 5 — melt; 6 — thermal insulation of
heaters; 7 — crystal.

cycle [9]. The basic task of the side heater
(t5;40) is local heating of PCV bottom (Fig. 1,
pos. 2) and raw material melting to compen-
sate the melt level lowering after crystal
discrete pulling and, thus, to maintain the
constant melt level during the whole growth
process.

At such construction, the ¢,,, automated
correction curve at large crystal growth

Bottom heater Side heater
DerysHey, Registration, Registration,
mm T,min | Atpyrometer, T,min | Atpyrometer,
°C °C
Deryst =150 | 4,25 1,6 6 0,5
Deryst =280 | 4,35 1,4 6 0,7
Hey =10 4.6 1,1 6,6 1,1
Hey =20 | 5,65 1,1 6,8 0,95
Hey =120 14 0,9 10,5 0,5

[10] evidences substantial changes of heat
removal intensity from the ingot at the cyl-
inder growth. That is why it is necessary to
obtain information on thermal lag of both
heaters in dependence on crystal dimen-
sions. That information makes it possible to
study the heat transfer dynamics and to
optimize the algorithm of the automated diame-
ter control system (ACS). These studies became
possible due to adaptation of IR pyrometry to
the conditions of AHC growing [6—8].

The experiments on forced change of
heater temperatures by 2°C and registration
of response in different parts of the erystal
and crucible (Fig. 1) were carried out using
a Raytek Marathon MA2SC pyrometer out
during the crystal growing process. The ex-
perimental data being transferred to PC and
processed using a "Raytek Multidrop” soft-
ware. The temperature before the correction
was taken as zero.

It is known from the prior experiments
[6] that IR pyrometry of upper and side
crystal surfaces is possible only if the con-
densate thickness is at least 200 pm. The
visible boundary of the crystal surface re-
gion satisfying this condition is shown by
the arrows (Fig. 2). The crystal surface is
semitransparent between the boundary and
crystal edge, and measurements in this re-
gion contains a large experimental error.
The basic measurements at the crystal di-
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Fig. 2. Thermal lag and temperature change value in the point A at different growth stages (crystal
diameter = 150, 280 mm, H., = 10, 20, and 120 mm) at temperature change of bottom and side

cyl —

heaters by 2°C. Photo: growing crystal view at different growth stages. The results of measurements are

shown in the Table.
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Bottom heater Side heater
H..,. mm Measurement Registration, Registration,
o pOint T'min Atpvrometer, ‘t,min Atpvrometer,
OC o
A 14 09 10,5 0,5
Heyi =120 Ay 16,5 09 9 0,65
A, 13,5 1.1 8,8 06
(6]
S, 1.2 Crystal upper butt
2 1.0} Bottom heater 30mm above the melt
1.
§0.8
<06

100mm above the melt

-0.2 100mm above the melt
| Side heater

= =~ 30mm above the melt

Crystal upper butt

-02 1 Il Il L L L 1 1 1
14 7, min

Fig. 3. Temperature stabilization time and tem-
perature change values in the points A, A,
and A, at H, eyl = 120 mm at bottom and side
heater temperature variation by 2°C. The meas-
urement data are presented in the Table.

ameter of 150 and 280 mm and cylinder
height (Hey) 10, 20, and 120 mm (Fig. 1,
point A) were conducted at upper crystal
surface at the distance 15-20 mm from the
crystal edge at different growth stages. The
side crystal surface at H,,; = 120 mm was
studied also in the points A; and A, at 30
and 100 mm distances from the melt sur-
face, respectively. Moreover, measurements
were carried out in points at crucible bot-
tom, PCV bottom, PCV wall (Fig. 1, points
B, C, and D, respectively). Results of these
measurements will be presented below.

Let us subdivide the obtained data con-
cerning thermal lag time and temperature
difference value into several parts.

The first one is presented in Fig. 2 for
measurements in point A (at crystal upper
surface) at crystal diameter 150, 280 mm
and Hcyl =10, 20 and 120 mm. It can be
seen that thermal lag of both heaters (1)
increases proportionally to crystal dimen-
sions, in contrast to temperature change
value (Atpyr) measured by pyrometer. It
should be noted that shorter t values are
obtained for the basic (bottom) heater at all
the stages except for the last one (H,; =
120 mm) where the side heater acts faster.
Also, 1(At,,,) curves for the bottom heater
at H,; =10 and 20 mm differ in character
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Bottom heater Side heater
Hey, MM Measurement Registration, Registration,
point T,min| Atpyometer,  |Tymin| Atoyrometer,
°C °C
B 4 1,9 75 0,8
Hey =120 c 8 0,6 25 1,6
D 10 0,9 4 1,2
%) fg Crucible bottom
g 16
L140
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10} Wall of the PCV
08¢}
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Wall of the PCV
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Fig. 4. Stabilization time and temperature
change values measured in points C, B, and D
at crucible surface at variation of heater tem-
peratures by 2°C. The measured data are pre-
sented in the Table.

from those for crystal diameter 150 and
280 mm and H.,,; =120 mm for the side
heater. This evidences heat transfer intensi-
fication in the furnace at appearance of the
side crystal surface not covered with con-
densate above the melt.

Considering the trend of r(Atpyr) curves for
bottom and side heaters in the next group of
data (Fig. 8) in the points A, A; and A, at
various crystal surfaces (at H.,; = 120 mm),
we can make the conclusion that the heat
transfer mechanism from different heaters
to these points is different. Herein, the bot-
tom heater heats mainly the melt, thereby
compensating the heat removal from the
crystal. The melt / crystal phase interface
is transparent for radiant heat flux and
Atpyr value is 1.1°C, however, t value in-
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Fig. 5. Thermal lag of upper crystal surface vs.
growing crystal dimensions at variation of the
bottom (curve 1) and side heater (curve 2) tem-
peratures.

creases as compared to the prior stages of
crystal growing (see Fig. 2).

The side heater, besides of raw material
melting in PCV, heats the furnace atmos-
phere and growing crystal. In this case, the
shorter © and larger Af, . values are ob-
served at PCV wall at heat transfer to
closer points. Perhaps this is the cause of
shorter 1 in all the points (A, A; and A,) at
side heater temperature variations.

The results of t and A¢,, . measurements
at crucible are shown in Fig. 4. Those con-
firm that at short distance between the
measurement point and heater, i.e., between
the bottom heater and crucible bottom
(point B), as well as between the side heater
and PCV Dbottom (point C), temperature
changes occur after 4 and 2.5 min, respec-
tively, at maximal At . values. If the tem-
perature change is recorded in the point B
from side heater and in point C from bot-
tom heater, 1 in this case is two times
larger, while at the same time, Atpyr values
proportionally decrease. The largest tem-
perature change appeared to be for point D
at bottom heater temperature variation
(t = 10 min). This result is obvious, since
the larger is the distance between points,
the longer t and smaller At . are, but it
confirms the correctness and good sensitiv-
ity of our measurements at small tempera-
ture variations.

Thus, as the crystal dimensions increase,
thermal lag times 71, and 14, in the point
A increase with crystal height according to
different laws and tw(H,,;) curves are
crossed at the ingot height about 50 mm
(Fig. 5). This result can be ascribed to
changing spatial arrangement of the meas-
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urement point with respect to the heaters
(see schemes in Fig. 5).

At initial growth stages, the crystal
upper butt is situated at the same height
with the side heater, and major part of heat
flux therefrom is reflected and scattered to
surrounding space of the growth furnace. Then
the crystal dimensions increase, and its upper
part moves apart from the bottom heater, pro-
moting the proportional t,;, decrease and 1,
increase. Herein, at initial stages, the differ-
ence between 1, and 14, is 30 %, then it

decreases, changes its sign at H, ;50 mm and
reaches —25 % at H.,; = 120 mm.

Thus, 74, increase with H,., evidences
worsening of response rate of the auto-
mated crystal diameter control system. The
delay of thermal correction pulse may be
the cause of volume defects in crystal lat-
tice sometimes appearing in growing crys-
tals [10]. One of possible ways to improve-
ment of the diameter control system is utili-
zation of short-term ¢, correction starting
from Hcylz50 mm. This becomes important
when the crystal gets out the crucible and
heat removal from the crystal increases.

Thus, thermal lag times of growing crys-
tal and the heat assembly elements in de-
pendence on crystal dimensions has been de-
termined experimentally for the first time
for CslI(Na) large size crystal grown from
constant volume melt on a seed. Thermal
lag time at the bottom heater variation is
1.8 times longer than that at the side
heater variation. The difference in thermal
lag times decreases to zero when crystal
gets out the crucible. Then, at further crys-
tal height increase, the 1,,;,—1 difference
changes its sign.

side
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InepuiliHicTh TENMJOBOTO By3Jia POCTOBOI MeYi mpu
BupomyBanHi moHokpucrajiB Csl(Na) ma 3amaui
i3 po3mixaBy MOCTiHHOTO 00’emy

B.I.I'opineyvrxuii, B.B.Bacunaves, O.I].Cioneyvruil,
M.M.Tumowenko, B.I.Cymin

Busnaueno uac temmeparypHol iHepmil cucTemMu “HarpiBau — Tureab — Kpucraja' (eie-
MEHTiB TeIlJIOBOro By3Ja Iedi) mpu BUPOIyBaHHI KpynHorabaputraHux moHokpuctaytis Csl(Na)
Ha 3amaji i3 posmiaBy moctiiiHoro 06’emy. BcraHOBIeHO, 1o Ha cTafii pagialbHOTO POCTY
3JIMBKa uyac crabinisamii Temneparypm mpm ii smiHi Ha momHOMYy HarpiBaui B 1.3 pasu
KopoTiile HiK Bix OiunHoro uHarpiBaua. Ilpm axciaspHOMY pocTi Kpucrajna pisHuUIA y uaci
CKOPOUYETHCA, IOTIM [JOPiBHIOE HYJIO IPU BUCOTI nuiiHgpmuHoi uwactuHu ~50 mm. Ilpum
HOJAJIbIIIOMY 30iJbIIeHHI BHCOTH KPMCTAJA CUTYyAIlisl 3MIHIOETHCA HA MPOTHUJIEIKHY.
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