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For single crystal growing in aggressive media, classical heating methods do not
provide reliable results. In this study, we conceived and realized a system for radiant
heating, by which the growth media is separated by the radiant and radiation focusing
elements. The system is composed from an assembly of plane-elliptical mirrors with
rod-shaped halogen lamps in the first focal centers and crucible as the second focal center.
The growth medium being isolated, we could employ highly oxidant atmospheres and use
crucibles made of dielectric oxide materials. The results obtained show a possibility to use
the system to synthesize materials in aggressive media, as well as to configure the specific
temperature gradients required by these processes.

Knaccuueckue meronbpl HarpeBa He o0eclieUYMBAIOT HANEKHBIX PE3YyJbTAaTOB IIPU BhIPAIIIHU-
BaHUM MOHOKPUCTAJIJIOB B arpecCHUBHBLIX cpelaxXx. B aTom mcciegoBaHmm HaMu paspaboTaHa u
peanus3oBaHa CHUCTeMa AJA PAaAUaIMOHHOTO HarpeBa, C MOMOIIBIO KOTOPOM MOCTUTAETCSA OTHAE-
JleHHe POCTOBOM CpeAbl OT MBJIYYAIoIIUX U (POKYCHPYIOUIMX UBJIydeHUHe daeMeHTOB. Cucrema
COCTOUT W3 IJIOCKO-3JIMINTUYECKUX B3€PKaJ C TaJOreHOBLIMU JiaMIaMU CTEePKHEBUIHOMN
¢dopMEI B mepBbIX (OKAJBHBIX IIEHTPAxX U TUTJIEM BO BTOPOM (POKAJILHOM IleHTpe. IIoCKOIBKY
pocToBas cpefa U30JUPOBaHA, BOSMOXKHO IIPUMeHEHUEe CUJIBHO OKMCIUTEJNbHBLIX Cpel U UC-
MOJIL30BAHUE TUTJIEH U3 AUIJIEKTPUUYECKUX OKCHUIHBIX MaTepuasioB. [losyuyeHHbIEe Pe3yJIbTATHI
UJLJIIOCTPUPYIOT BO3MOXKHOCTH NPUMEHEHUS CHUCTEeMBI IJd CHUHTe3a MaTepuajoB B arpeccus-
HBIX cpeflax, a TaKiKe AJd KOH(MUTI'YPUPOBAHUA CIeIUalbHBIX CHUCTEM I'PaJMEeHTOB TeMIepa-
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Typbl, HEOOXOAUMBIX OJIA TaKUX IIPOIIECCOB.

The preparation of materials in aggres-
sive and controlled media at elevated tem-
peratures is usually difficult to realize, es-
pecially due to the requirements to the pre-
cursor material heating system. The
classical methods are based on the employ-
ing of heating resistances and/or heating by
induced currents. However, it is known that
above a certain temperature and in the pres-
ence of oxygen atmosphere, the resistors
are dramatically affected by different reac-
tions that take place in this environment.
Besides, the heating by induced currents re-
quires the use of crucible made of conduc-
tive materials, but almost all metals prone
to react at elevated temperatures and in the
presence of oxygen. When working at tem-
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peratures above 1600°C as we are, the only
option is to use platinum, iridium or irid-
ium-platinum alloy crucibles which, how-
ever, increases the process cost. Therefore,
one of the most advantageous method is the
indirect heating by focusing of the heat ra-
diation. Heating systems based on the ra-
diation focusing of the light arising from
halogen lamps using elliptical mirrors have
been developed and used for materials proc-
essing [1, 2]. Recently, studies upon the use
of Xenon discharge lamps have been re-
ported [3] and heating processes as well as
temperature distribution were evaluated for
different furnace types [4-6]. Nowadays,
efforts are given to the development and
implementation of installation for material
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Fig. 1. Radiant heating system.
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growing with separation of media [7, 8] as
well as for various investigations in space [9].

We present here the installation for
crystals growing from melt in a controlled
medium, assisted by the presence of oxygen
as the growing atmosphere. By employing
Czochralski method for material growing in
dielectric oxide-based crucible, an uniform
temperature distribution and additionally
the appropriate gradient required by the
growth processes should be realized. Our
approach aims to implement an heating sys-
tem based on focusing of the radiation
emerging from halogen lamps using plane-
elliptical mirrors. Although this method ex-
hibits a lower efficiency than that obtained
with elliptic mirrors, it enables to achieve a
high longitudinal temperature uniformity
over the external crucible surface. The tem-
perature gradients necessary in the growing
processes were obtained by the use of de-
flectors at defined positions in the system.

The chamber for growth process is made
of a quartz tube into which the crucible
containing the precursor material, the ro-
tating support and the seed with its corre-
sponding device are placed (Fig. 1). The ro-
tation system of the crucible together with
the devices providing rotating and axial
movement of the seed are placed outside the
chamber. All movements and alignments
can be controlled and independently ad-
justed. The movement transmission systems
are tightened. The growth chamber is con-
nected to a vacuum pump and then to a
system for quantifying and mixing the
gases. The heating system with radiant and
focusing elements is placed outside the
growth chamber. The heating system is com-
posed of heating elements each consisting of
a plan-elliptical mirror and halogen lamp of
rod shape placed in the first focal center.

The mirrors are made from 1 mm thick
brass plate coated with a reflecting layer,
followed by coating with a protective thin
chrome layer. For the reflecting layer, only
materials with an increased reflection in ra-
diation spectrum of the halogen lamp are
used. In this regard, the most suitable ma-
terials (Fig. 2) are aluminum, gold, and sil-
ver. Silver has been chosen in our study due
to its increased reflection of about 95 to
98 % (Table 1) over the entire visible spec-
trum, but also because of its low cost. The
focusing on the crucible has been performed
in axial plane.

We studied the temperature variation as
a function of time (Fig. 3) in the second
focal center of the plan-elliptical mirror.
Nominal voltage has been delivered for all
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Fig. 2. Reflectance in UV/VIS/NIR for aluminum (1), gold (2) and silver (3).
Table 1.
Metals Average Refl % | Regions of high Comments
Vis / IR absorption
Aluminum 92/98 700-950 nm Sensitive deposition parameters necessary to
prevent "Blueing” (scatter in visible). Thin layer
of Al,O5 is formed on surface
Gold 94/98 300-550 nm Adhesion problems with glass. Very soft
surface. Use chrome as interlayer
Silver 95/98 uv Tarnishing problems. Very soft surface.
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Fig. 4. Temperature-voltage diagram the sys-
tem formed from one (I) and two (2) respec-
tively mirror-bulb assemblies.

Fig. 3. Time-temperature diagram in the sec-
ond focal center of the plan-elliptical mirror.

systems. The material placed in the second
focal center has the absorption index of T.°C
52 % in visible spectrum, mass of 2 g and 700
the enthalpy of 27.3 J/Klhol.

The temperature in the second focal cen-
ter as a function of the applied voltage to
the system formed from one and two respec-
tively mirror-bulb assemblies is shown in 300
Fig. 4. The plane-elliptical mirrors have the
height of 80 mm, F1 at 20, F2 at 70 mm,

500

and the angle seen by the lamp in the el 100 '
lipse plane is 220°. The temperature in- 1000

creases approximately linearly in both

cases, only the slope is different. $

The temperature distribution along an goor

axis parallel with the lamp, which inter-
sects the second focal plan, for the configu- 600 F
rations with 1 and 2 radiant systems is i

shown in Fig. 5. In comparison with distri- 400 . . . . . .
butions achieved with elliptic reflectors 0 o5 50 75 100 125 D.mm
[10], the temperature is constant on a
higher level (plateau), thus advantageous
for the crystal processing in dielectric

Fig. 5. Axial temperature profile at different
location for 1 (a) and 2 (b) systemes.

Table 2.
Parm Value Std Error t-value 99 % Confidence Limits
a 382.4484583 11.54094602 33.13839763 350.0504151 414.8465015
b 26.19311012 1.669425425 15.68989529 21.50665574 30.87956451
c -1.31955167 0.109364279 -12.0656551 -1.62656191 -1.01254143
d 0.189923683 0.015783010 12.03342586 0.145617207 0.234230159
e —-0.00808603 0.000638559 -12.6629352 —0.00987861 -0.00629345
Respective
Parm Value Std Error t-value 99 % Confidence Limits
a 494.5650218 11.71873239 42.20294530 461.5343202 527.5957234
b 34.03791277 1.763672665 19.29945020 29.06678248 39.00904306
c -1.55413098 0.120150618 -12.9348563 -1.89279041 -1.21547155
d 0.215307557 0.017675718 12.18097932 0.165486352 0.265128762
e —0.00896772 0.000728888 -12.3032990 -0.01102218 —-0.00691326
812 Functional materials, 11, 4, 2004
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Fig. 6. Schematical design of the optical furnace with four mirrors and distribution curve of the

temperature.

oxide-based crucible even if the efficiency is
lower.

For the two above described cases the
equation constants presented in Table 2.

The defocusing occurs due to the mirror
shape deviation, implicitly of focusing de-
termined by dilatation. This has been mini-
mized by the use of a forced cooling system
with air currents and additionally by using
filament lamps of maximum available di-
ameter. At four radiant systems, the tem-
perature distribution in the focal center is
more uniform, especially the radial one
(Fig. 6). The use of a greater number of
systems gives rise to unjustifiable mechani-
cal and designing problems.

To conclude, the optical furnace with
plane-elliptic mirrors is recommended for
melting growth materials in aggressive at-
mosphere. As radiant elements, rod-shaped
halogen lamps could be employed. As com-
pared to furnaces with elliptic mirrors, the
axial distribution of the temperature is
much more uniform. A deviation from the
plane-elliptical mirror shape affects drasti-
cally the temperature obtained in the second
focal center. The lower efficiency affects
somewhat the working temperatures, how-
ever, this has been overcame by increasing
the power. The cooling of the assemble mir-
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ror-lamp can be effected using cold air cur-
rents. The temperature gradients are easily
realizable by defined alignment and posi-
tioning of the radiation deflectors.
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Iliu 3 MIOCKO-eJINTHYHUMHU A3epKaJiaMu
IJIS BUPOILYBAHHA MOHOKPHCTAJIB

C.Hoesaxoni, An.Bonmogsi, P.Baiic, M.Bapman, I.I'po3ecky

Knacuunmi cmocobu HarpiBamusa He 3a0e3meuyioTh HAAiMHWX pe3yJabTaTiB IPU BHUPOIIY-
BaHHI MOHOKPMCTAJIiB B arpeCcMBHHUX cCepemoBHINaX. ¥ IILOMY OOCJHiI:KeHHiI po3pobiieHO Ta
peaizoBaHO cucTeMy IJA pafialliliHOro HarpiBy, 3a JOIOMOTOIO0 AKOI JOCATAEThCA BimmijieH-
HSA POCTOBOTO CepeJoBUINA BiJi BUIPOMiHIOBAILHUX Ta (POKyCyBadbHHUX esieMeHTiB. Cucrema
CKJIAZIAETHCA 3 IJIOCKO-eIINTUUHNX A3€PKAJ 3 TaJIOTeHOBUMHU JIaMIIaMU CTPUKHEBOI opmu y
mepmux (QOKAIbHUX IEHTPaxXx Ta 3 TUTJIEM y APYyromMy (oransbHOMY IeHTPi. OCKiJIbKU pocTo-
Be CepeNoBHUIle i30bOBaHE, MOMKJIUBUM € 3aCTOCYBAHHS CUJIbHO OKMCHIOBAJILHUX CEPEIOBUIIT
Ta BUKOPUCTAHHS THUIIIB 3 JieIeKTPUUHUX OKCHUAHUX MarepiaxiB. OrpumaHi pesyiabTaTu
MOCBiTUYIOTH MOXKJIMBICTH 3aCTOCYBaHHSA CHCTEMH [Jid CHHTE3y MAaTepiajiB B arpeCUBHUX
cepeoBHUINaX, a TaKOoMK MOJd (POPMYyBaHHSA CIEeliaJlbHUX CHCTEM TPaIieHTiB TeMIepaTypH,
HeOoOXimTHUX /A TaKuX IIPOIeciB.
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