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Macroscopic and microscopic polarization of CulnP,Sg crystals
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2 HUN-REN Wigner Research Centre for Physics, Budapest, 1121 Hungary
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With the rapid beginning of graphene research, interest in layered van der
Waals materials has grown significantly. Among them, the Phosphorous
Trichalcogenides group, which possess unique physical properties, stands out.
In the list of these crystals, we can meet ferroelectrics, antiferroelectrics,
ferromagnetics, ionic conductors, semiconductors, dielectrics, and others. Of
particular interest are CulnP,Sg crystals, which below the Curie temperature T
< T¢ = 315K are ferrielectrics with spontaneous polarization Ps = 3 uC/cmZ
directed perpendicularly to the structural layers. The coercivity field of these
crystals is 77 kV/cm. Moreover, unlike most ferroelectrics, the ferrielectric
properties of CulnP,Sg crystals are preserved even at thicknesses of units of
nanometers (for example, Sn,P,Sq crystals cease to exhibit ferroelectric
properties at a size of less than 50 microns), which makes it very promising
for use in modern electronics. It has already been used to create major
electronic components such as diodes, transistors, ferroelectric transistors
with negative capacitance, memory cells, and others.
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Fig. 1. Temperature evolution of dielectric hysteresis loops of CulnP,Sg crystal.

The last two applications are closely related to the phenomenon of switching
spontaneous polarization under the action of an external electric field, so
studying this phenomenon is an urgent task. In the available works, switching
phenomena were mainly studied on a microscopic scale, using force
microscopy technology. The data on macroscopic parameters of CulnP,Sg
crystals (spontaneous polarization, its temperature behavior, the presence of
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shifting electric fields, and the magnitude of the coercive field) are very few,
so we carried out studies of the switching processes of spontaneous
polarization on samples of relatively large size.

A CulnP,Sg crystal obtained from the gas phase, 20 pm thick, 5x5 mm? with
gold electrodes sputtered in a vacuum with an area of 2x2 mm?, was chosen
for our studies. The remaining part of the crystal surface served as an
additional protection against surface breakdown. Based on the crystal
thickness and the coercive field value of 7.7-10° V/m?10° m = 154 V, we
used a high-voltage amplifier with an output voltage of £160 V (Operational
Amplifier Burr-Brown 3584). To investigate the switching processes, we used
a standard Sawyer—Tower scheme. The frequency of the measurement field
was 100 Hz (copper ions did not have time to migrate through the sample
thickness). The waveform was triangular and bipolar. The crystal was first
annealed at 400K for three hours without applying an electric field to clean
the sample from moisture and intercalating impurities before measurements.
CulnP,S¢ was then cooled to room temperature, and further dielectric
hysteresis loop measurements were performed in the heating regime from
290K to 370 K. The resulting dielectric hysteresis loops are shown in Figure
1.

Ambient single frequency PFM and band excitation imaging/polarization
switching were performed on a Bruker Dimension Icon AFM provided by
Bruker Nano Inc. Pt—Ir coated SCM-PIT cantilevers have been used for all
imaging modes. The resulting switching loops are shown in Fig. 2.

LIS ' Fig. 2. Microscopic PFM polarization
v 0 é ” switching loops of the CulnP2S6
S ?" crystals obtained by the Bridgeman
#J method — a, and from the gas phase —
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As we can observe in Fig. 1 and 2 the polarization switching loops are
significantly different for macroscopic and microscopic measurement modes.
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