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The influence of crystallization conditions on CdTe, Cd; Mn,Te, Cd;Zn,Te single crystal structures is
investigated. An optimal form of the ampoule for various size crystal growth is determined. It is shown that using
crystallization heat of the material, placed between the walls of special form ampoule, one can change the shape of
solid-melt interface.
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The unique properties of CdTe make it an ideal
material for numerous applications [1]. It can exhibit % — 2
both n and p types of conductivity, which makes diode
technology and field effect transistors possible, and it can _’E
exhibit a semi-insulating state as well. CdTe based \Q/ / / / / 5
semimagnetic semiconductor — CdMnTe, displays % ===
extremely exiting properties. CdTe is a component of the %
CdHgTe ternary alloy, one of the major industrial L {3}
materials for infrared detection. CdZnTe is used as a
substrate for the epitaxial deposition of HgCdTe layers. e
Despite considerable progress in CdTe, CdZnTe, 2] aitire
CdMnTe crystal growth, a problem of reproducible ] N\

obtaining of specific size single crystals is solved onl ﬂ
51 rovh g IR

partially [2-5]. Reproducible growth of single crystals is
caused by crystallization conditions and peculiarities of
nucleation center formation. The influence of these

processes on CdTe, CdZnTe, CdMnTe crystal structures [ [s]
is investigated in the present paper.

Single crystals CdTe, Cd;Mn,Te (0.02 <x <0.55), Fig.1. Design of the device for Cd and Te purification:
Cd,Zn,Te (0.02 < x < 0.2) were obtained from stock a) purification position; b) position at discharge of the
prepared from stoichiometric charges of source ingot end. 1 — zone heater, 2 — tube, 3 — ampoule, 4 —
components. Elementary substances (N6 pure cadmium, container, 5 — purified material, 6 — melt, 7 — holder,

N6 pure tellurium and N6 pure manganese) were 8 — support.

additionally purified by vacuum distillation method and

finally cadmium and tellurium were purified by zone interaction of the mixture with graphitized coating and a
melting method. The ends of purified ingot after multiple material of the container sometimes takes place.

zone melting passes are enriched in with impurities, thus Therefore long-term synthesis, in particular for large
their rediffusion into purified ingot take place. manganese concentration, is very difficult. The main
Contaminated ends of the ingot should be removed. For cause of interaction of the mixture with a material of the
this purpose we have developed a device which design is container is residual oxides, which are present on the
presented in the Fig.1. The device provides melting- surface of initial components. Synthesis of the alloys in

down of the material and discharge of the ingots ends hydrogen atmosphere is not a solution of the problem,
enriched in with impurities. Such device have been used because hydrogen does not reduce manganese oxides.
for purification of Cd, Te and CdTe. Furthermore, hydrogen itself dissolves in the alloy,
At growing of Cd; Mn,Te solid solutions the changing materials properties. Therefore, growing of
Cd,xMn,Te single crystals was carried in glass-
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graphitized containers, which did not interact with Mn
and its oxides. In order to charge the components into the
container we have developed an ampoule of special form
(Fig. 2a), comprising a fused tube that enters the glass-
graphitized cup. After long-term synthesis of the mixture
the single crystals were grown by Bridgman method
(temperature gradient a0t solid-melt interface — 10 + 15
K/cm, growth rate — 2 mm/hour).
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Fig.2. Ampoules for single crystal growth: a)
CdMnTe, b) CdTe, CdZnTe. 1 — fused quartz tube, 2 —
quartz ampoule, 3 — glass-graphitized cup, 4 -
ampoule charge, 5 — external ampoule, 6 — fused
internal ampoule, 7 — light conductor.

For growing of large single crystal by Bridgman
method a form of the bottom of an ampoule, where
crystals growth starts, is very important. The crystals
were grown in quartz ampoules with various form of the
bottom: a cone, a hemisphere, a flat bottom with light or
heat conductor in the center, and also in an ampoule with
the system of neckings. The diameter of the ampoules
lies within 14+60 mm.

We have found that for perfect single crystals
growing the choice of optimum form of the ampoule
depends on its diameter. For crystals less than 20 mm in
diameter the best single crystals reproducibility is
obtained if ampoules with the system of neckings is used,
for crystals of 20+30 mm in diameter — at the use of
ampoules with a cone bottom. For crystal growing of
30+60 mm in diameter the best results gives the use of a
flat bottom with long light or heat conductor. It is worth
to note that the use of ampoules with the system of
neckings resulted in obtaining the crystals with strained
lattice. In ampoules of 20+30 mm in diameter with two
types of bottoms (cone and flat bottom with heat
conductor) we have got the crystals with less defects.
Yield of single crystal material in ampoules with flat
bottom with heat conductor was the highest. At the use of
such ampoules the reproducible growing of large single
crystals is possible only under precise temperature
control of the bottom of the ampoule in order to prevent
overheating of the melt at the growth beginning. At the
initial stage of the growth the bottom of the ampoule
must be at a temperature that not exceeds the melting

temperature more than on 5-8°C. The appearance of
nucleation centers on ampoule walls is eliminated in this
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case, and the seed is formed in the center of the bottom,
where temperature is lowered due to the presence of heat
conductor.

We have studied the distribution of dislocations on
the section of single crystal in dependence on ampoule
diameter. For ampoules of 25 mm in diameter the
distribution was uniform, for single crystals grown
without twinnigs in ampoules more than 26 mm in
diameter the dislocation density was greater on the edges
of the ingot. For single crystals more than 40 mm in
diameter a dislocation pile-up and stacking fault were
usually observed in the center of the ingot. When twins
and blocks are present the structural defects more often
forms aggregate of defects near their boundaries, and the
distribution of dislocation in the volume of the single
crystal is more uniform and dislocation density is less.

Distribution of temperature on the solid-melt
interface has a complicated form, however, in most
cases, except for the initial crystallization stage, the
interface is concave toward the crystal. This is because
the walls of the ampoule are cooling down faster and
heat removal, both convection and light, takes place from
the walls of the ampoule largely.

We suggest to level the solid-melt interface by
warming up the ampoule walls with the heat of
crystallization of the material placed outside the ampoule
where growth takes place. We have carried out
experiments on growing of single crystals in containers
with double walls (Fig. 2b). Quartz glass was inserted in
a quartz ampoule. In lower part of the ampoule a tube of
greater diameter was welded to the wall of less diameter.
The synthesized material was loaded in amount sufficient
for filling the volume of the lesser ampoule and space
between walls. For filling this space the cuts were done
in upper part of lesser ampoule, through which the melt
was introduced into the space between ampoules. Heat of
crystallization of the material between walls heated the
wall of internal ampoule and increased the temperature in
external part of the ampoule that resulted in smoothing of
solid-melt interface.

To determine an optimum relation between ampoules
diameters let us consider a simple model of single crystal
growth from the melt [6]. An ampoule of radius r is
inserted into an ampoule of greater radius R (Fig.3). The
material is crystallizes in the ampoule of lesser radius as
well as in the gap between ampoules. Maximum
crystallization rate is achieved in the case when latent
crystallization heat is fully conducted into the solid
phase. Then crystallization rate is determined by
temperature gradient on melt-solid interface and depends
on material density p, thermal crystal conductivity K and
latent crystallization heat L:

dx K (dT
[a)—z(&) M

If we assume that crystallization heat is fully
conducted into the ingot and dissipated from the surface
of the ampoule of radius R, than maximum
crystallization rate in the ampoule of radius r in the case
when temperature gradient in the melt is absent is given

by [6]:
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Fig. 3. To the calculation of crystallization process in
the ampoule with double walls.

Fig.4. Typical X-ray topogram of the ends of the
samples grown in the ampoule with double walls.
Reflection of CuK-radiation, (111) surface, x10
magnification.

dx 1 [20KT.R
[—j = @)
dt ). pL 3r
where o — Stephan-Boltzmann's constant, T, -
temperature of the melt. Same suggestions for

crystallization process in the gap between ampoules
gives the expression for the maximum crystallization rate
of the material between walls:

dx) _ 1 |[20KT;R
IR T

During growing the rates (2) and (3) should be equal,
so one can obtain rough estimate of the relation between

ampoule radiuses: R = J2r. The gap between walls
ish=R-r= (\/E —l)r , thus for internal ampoules of

14+-60 mm in diameter the value of the gap between
ampoules lies within 3 +12 mm.

Using the ampoules with double walls the large
CdTe, CdZnTe, CdMnTe single crystals with good
electrohysical parameters were obtained. Mobility of
charge carriers in grown crystals at liquid nitrogen
temperatures was more than order greater than mobility
at room temperatures, it means that concentration of
residual impurities was low. X-ray studies showed that
the structure of the single crystals was perfect (Fig. 4).

3axapyk 3.1. — crapmmii HAyKOBHH CIIIBPOOITHHK;
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B poboti po3risiHyTO BILIMB YMOB Kpucrtamizauii Ha ctpykrypy kpucraiie CdTe, Cd, Mn,Te, Cd, Zn,Te.
IMToka3aHo, 10 BHKOPHCTOBYIOUM TEIUIOTY KpHCTali3alii marepiaiy, SKHH KPUCTA3y€ThCSl MK MOIBIHHHMHU
CTIHKaMH aMITyJIM, MOXKHA 3MIiHIOBAaTH (popMy TpaHHUII MiX piAKOIO 1 TBepAo ¢a3amu. BusHauena onrtumanbHa
dhopma amynu I oJep>KaHHS MOHOKPHCTAIIIB Pi3HOT BEINYAHH.



