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ABSTRACT
Measurements of the Hall mobility in thin films of as deposited amorphous phase change material are shown. By
employing a sinusoidal variation of both the externally applied sample voltage and magnetic field at different
frequencies the microvolt Hall signal can be very accurately detected with a lock-in method. The temperature
dependence of the Hall mobility as well as aging effects are studied. The implications on steady state transport in
amorphous phase-change materials are presented by including thermopower measurements.
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While phase change materials (PCM) have been successfully applied in rewriteable optical data storage, they are also
used for novel non-volatile electronic memory devices. The material has the ability to be switched within nanoseconds
between two phases, which show large contrast in electrical resistivity [1]. Although the electrically induced rapid
switch from the amorphous semiconducting to the crystalline metallic state is known to be an electronic effect [2], no
coherent picture of this transition has been experimentally verified.
In literature, threshold switching is related to such diverse mechanisms as generation and recombination [3], field
induced nucleation [4] and small polaron avalanches [5]. As the various models also differ in their description of the
steady state transport in amorphous PCM, measurements of conductivity, thermopower and Hall mobility can provide
insight into the applicability of the various models. In this work, experimental data for the Hall mobility and its
temperature dependence are presented for several PCMs including Ge2Sb2Te5.
In order to accurately measure the temperature dependence of the Hall mobility of PCM thin films (2 µm), a custom
built setup (temperature range 4-370 K) is employed. Sinusoidal modulation of both the magnetic field B (200 mT at
fB = 2Hz) and the sample voltage U (120 V at fU = 3 Hz) is used to spectrally separate the Hall signal UH(25 µV) from
unwanted contributions such as induction voltages (50 mV) and the offset voltage due to the misalignment of the two
Hall contacts (1 V). The Hall signal oscillates at the frequencies fU +- fB (as UH ∝U*B) and its amplitude and phase are
detected with a lock-in amplifier. The sign of the Hall voltage is extracted from the phase of the detected signal. By
calibrating the absolute phase against a sample of known charge carrier type (p-type crystalline Ge1Sb2Te4), the sign
of the Hall effect can be determined.
By employing this measurement technique the room temperature Hall mobility of amorphous Ge2Sb2Te5 (annealed at
120°C for 3h to prevent drift during the measurement) a room temperature Hall mobility of µH = (0.062+-0.002)
cm2/Vs is determined. The measured phase corresponds to an n-type Hall effect. Thermopower measurements indicate
that the amorphous samples are p-type, whereas the sign of the Hall effect is negative – an observation common for
amorphous materials and often referred to as the sign anomaly.
Figure 1 shows an exemplary temperature dependence (290 – 340 K) of the measured Hall mobility as well as the
conductivity of the aforementioned sample. While the Hall mobility increases only weakly (30%) the conductivity
increases by an order of magnitude which corresponds to activation energies of Eµ = 0.05 eV and Ea= 0.4 eV.

Previous studies [7] have indicated that resistance drift in amorphous phase change materials can be related to either a
drift in the activation energy Ea (Ge2Sb2Te5) or the prefactor R* (Ag4In3Sb67Te24). Therefore, a study of the change of
the temperature dependent Hall mobility upon annealing for different materials can provide more insight into the
conduction and relaxation mechanisms of amorphous phase change materials.

Figure 2: Hall mobility (left) and conductivity measurements (right) of an amorphous as-deposited Ge2Sb2Te5 sample
taken in a temperature range from 290 – 340 K. The Hall mobility increases weakly with temperature, whereas the
conductivity increases by an order of magnitude. These increases correspond to activation energies of Eµ = 0.05 eV
and Ea= 0.4 eV, respectively.
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