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Investigations of the Process of Crystal Growth
from a Liquid Zone by Seebeck Measurements

An arrangement for measuring the thermoelectric voltage (Seebeck signal) during the
crystal growth from a liquid zone is described. Using the example of growing PbTe single
crystals by THM it is shown that different equilibrium temperatures at both phase
boundaries provide a differential Seebeck voltage depending on the erystal growth rate.
Relaxation times which are needed to reach steady-state conditions with respect to the
concentration difference between the growing and solving interface in the case of a start
or sudden stop of the heater motion can be obtained.

IlpencraBaed cnocof wu3MepeHHA TepPMOIJIEeKTPUUYECKOr0 HanpfA:KeHHsA (cursHaaa
3eelera) BO BpeMs Ipollecca KPUCTAIIM3aUUA 30HHOH miIaBru. Ha npumepe Bhipauim-
Bannsa PbTe MeTomoM JABMWKylLIerocA HarpesaTedsl I110Ka3aHO, YTO BCJeACTBUe Heo-
JMHAKOBEIX TeMIlepaTyp paBHoBecHA Ha 060X (a30BBIX I'PAHUIAX BO3HUKAET TUPPepei-
IHAJILHBIA cUrHad 3eeGera, BeIMUMHA KOTODPOTO 3aBUCUT OT CHROPOCTH KPUCTAIIN3aANNY,
BoamomxkHO uccnenoBaTh BpeMA peslaKkcalldM I10CJA€ CTapTa U TOPMOKeHUA IBUMKEHUS
30HHOTO HarpesarTe/ad, He0OX0QUMOe JJIsI CO3NAHNA N BEIPaBHUBAHNA KOHUEHTPAIMOHHO
pasHUIBl Memxay 000MMH $Ha30BBIMU IDaHUIIAMHU.

1. Introduction

Crystal growth from solution has proved particularly interesting with regard to
materials being subject to dissociation and showing a low critical shear stress at
temperatures near the melting point and a strongly retrograde course of the solidus
line. PbTe which is a basic material for infrared devices is considered such a substance.
Among different solution growth techniques, THM from a Te-rich solution zone at
temperatures higher than 405 °C (eutectic temperature) is the most promising method
for growing PbTe single crystals. (TRIBOULET et al.; GILLE, RunoLrH).

The THM principle is to be seen from Figure 1. There is only little difference in
comparison with the conventional zone melting procedure. Nevertheless, because of
the mainly diffusion-defined transport within the solution zone, usual THM growth
rates are lower than those with zone melting by one or two orders of magnitude.
Reviews have been given by WoOLFF, MLAVSKY; BENz, BAUusER. Several materials
could be grown by this method.

2, Transport problem in THM

The main difference between THM and zone melting with respect to the crystal
growth process is to be seen from Figure 2. The travelling heater moves to the solution
zone relatively, creating different liquidus temperatures T, and 7 at the solving (2)
and the growing interface (1), respectively. As a consequence the remarkable difference
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Fig. 1. Schematic representation of the THM principle (Tg, Ty — temperatures at the growing
and solving interfaces, respectively)

conventional zone melting

Fig. 2. Comparison between THM and zone melting (1 — growing interface, 2 — solving
interface, vy — heater velocity, U,, — Seebeck voltage, 7' — temperature, ¢ - solute concen-
tration in the solid (S) and in the liquid (L), 7y — temperature of the erystal melt equilibrivm,
Tyin — kinetic interface temperature, 2 — distance)

in temperature AT between the two phase boundaries leads to a concentration
difference Ac between the corresponding values ¢y, and ¢y, according to the liquidus
line of the phase diagram. With diffusion as the only transport Mechanism to be
considered this difference in temperature depends, among other things, on the heater
velocity and is to be approximated by:

AT = mpvgl,(cg — c11)/D (1)
(mq, slope of the liquidus line; vy rate of heater travel; I, zone length; c¢g and ¢y, con-
centrations of solute at the growing interface in the solid and in the liquid, respectively).
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Unknown diffusion coefficients D of PbTe in a liquid PbTe-Te mixture at tempera-
tures between 450 °C and 550 °C complicate an estimation with regard to relation (1).

Contrary to THM, both phase boundaries in the conventional zone melting pro-
cedure are of the same temperature if interface kinetics are not regarded, as we do
in this study. The knowledge of differences in temperature AT between the two
interfaces in THM is one of the most important problems with respect to the theory
of transport and to technical questions. This difference, itself depending on the
heater velocity, offers the greatest possible growth rate. An exact caleulation of this
value requires the knowledge of diffusion coefficients (KARKLINA, KOVALXIK). A direct
determination by measurements with thermocouples is impossible because of their
influence on the system.

3. Principle of measurements

Completely new ways of ascertaining differences in temperature in THM arise from
Seebeck measurements over the total length of the crystalline ingot during the THM
growth run (RuporeH et al.), as schematically shown at the left-hand side of Figure 2.
This is also true of zone melting, if kinetics should cause an essential potential.

We have constructed an arrangement to measure Seebeck signals during growing
PbTe crystals from a Te-rich solution zone, which is to be seen from Figure 3. The
ingot involving the solution zone is held by a spring contact within an evacuated
silica ampoule. The total voltage as well as compensated values can be obtained with
an accuracy of 120 uV.

The measured Seebeck signal of the described arrangement is composed of the
volume part of the crystalline materials and of the differences of both Seebeck contact
voltages between the boundaries of the liquid zone. The volume part of the total
Seebeck signal amounts to:

T, Tg
Uy =T{:ocs(T) ar +TfocF(T) ar . (2a)

(& Seebeck coefficient of the seed and regrown crystal (S) and of the feed material (F);
T, and T, temperatures at the growing and solving interface, respectively; Tk tem-
Pperatures at the contacts with the electric circuit, which for the purpose of this
discussion are taken to be identical) The resulting Seebeck contact voltage runs to:
T, + AT/2
AU gy = / lag(T) —oar(T)] AT . (2b)
Ty ~AT)2
ag(T) and ag(7T) are the Seebeck coefficients of the solid (S) and liquid phase (L),
respectively, at the phase boundaries having temperatures of 7, = T, — Ar/2 and
T, = T, + AT/2, i.e., the interfaces act as differential in-situ thermocouples.
Temperature-dependent Seebeck coefficients of most of the semiconducting materials
are well known (GLAzoV et al.). For PbTe it is pictured in Figure 4 and for comparison
also for Ge and InSbh. It is obvious that Seebeck coefficients of the liquid phase are
usually negligible in comparison with those of the solid phase. For this reason:
Ty+AT/2
AUKIZ = f OCS(T) ar (20)
T, =47)2
is a good approximation of the Seebeck contact voltage. The temperature-dependent
course of the PbTe Seebeck coefficient ag(7") between the growth temperatures of
405 °C and 550 °C may be expressed by
uVv

ag(T) = —0.6332Y. 7 1 301 -

" 3)
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Fig. 3. Principle of measuring Seebeck voltages during THM growth (HV — high vacuum,
Uy, — Secbeck voltage)

1
N
S

I
~
S

Seebeck coefficient a/uv-K~’
1
~
S

-50
1 7,
1 ll M/L ° 1 1 _—
g 200 400 600 800 7000
temperature T/°C
PHTE
=400 - 760 ' I
R .
§~ =200 7@4 E:'Bo
N )
0
400 800
rrod mar/acaoo
Ge InSb

Fig. 4. Temperature dependence of Seebeck coefficients of some semiconducting materials

(GLazov et al.) (I'M — melting peint, T, — average solution zone temperature, dashed lines
mark the temperature range used in THM)
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In this way a direct relation of the difference of Seebeck contact voltages between
the two phase boundaries and the actual difference in temperature can be obtained.
However, for the aim of separating the contact voltage the course of the volume part
of the total Seebeck signal during a THM growth run must be known. For this reason
we measured Seebeck voltages of a PbTe ingot under the usual THM growth conditions
and with a moving heater but without a solution zone. Figure 5 shows the principle
used. In the lower part the course of the voltage U, measured over a 58 mm long PbTe
rod with 12 mm in diameter in the temperature field of the THM experiments with
continuously varying location of the heater relative to the ingot is pictured. In the
central section there is an about 20 mm long linear course with a slope of 28.5 mV
per cm of the heater’s travel, which allows the comparison with the experiments
with zone.
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Fig. 5. Dependence of the volume part of the Seebeck voltage (Up,) on the heater’s location (2)

4. First results

From Figure 6 the time behaviour of the separated Seebeck contact voltage AU, =
= AUk with different heater velocities, i.e., with different rates of PbTe crystal
growth from a 1 em long Te-rich solution zone, can be seen.

After setting in motion the already hot heater (black arrow) the difference in tem-
perature AT, between the phase boundaries increases until reaching steady-state
conditions with the corresponding Seebeck voltage AU, according to the rate of
heater travel. Comparable times are required to level the corresponding differences in
temperature, concentration and Seebeck voltage between the interfaces in the case of
a sudden stop of the heater motion without changing the heater’s temperature (open
arrow). This exponential relaxation behaviour gives evidence of diffusion processes
within the liguid solution zone and may provide some information on material trans-



1078 P. RuDOLPH et al.

0 60
L VH off

[ 035mm-h7 @ ]

n 80
Von t/n

Fig. 6. Time ({) behaviour of the differential Seebeck contact voltage (4U,,) during THM
growth of PbTe from a 1 cm long solution zone (v — heater velocity)

port, if the travelling heater method is employed. Maxima of the functions represent
Seebeck signals of steady-state conditions and can be transformed for the PbTe system
into differences in temperature between both interfaces by putting equation (3) in
(Z2ec):
AU mV
mn{/ : mV’ @)
—0.633 - 1073 —_. T - 0.301 ——
0.633 - 10 i + 0.301 i
The measurement of Seebeck signals over the ingot during growing a crystal from
a liquid zone has proved a suitable method of investigating the process of crystal
growth. Further activities should be directed at revealing growth kinetics like rhythms
of crystallization and using Seebeck voltages with the aim of an in-situ control in
THM as well as in conventional zone melting.

AT ~
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