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Fig. 1. Preparation processes of the bulk SnSe,.
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Fig. 2. (a) XRD patterns of SnSe,, the inset is the crystal structure of the SnSey; (b) and (c) FESEM images of the fresh fracture
surface of SnSe, after SPS synthesis; (d) EDS spectrum of SnSe,; (e) the Se elemental map and (f) the Sn elemental map.
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Fig. 3. Temperature dependence (10-300 K) of the resistivity (a) and carrier concentration and mobility (b).
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Fig. 4. (a) V-I characteristic curves of SnSe, with current sweep as —100 mA — 0 — 100 mA — 0 — —100 mA for 3 times at 300 K,

the inset shows the schematic of the device; (b) V-I characteristic curves of SnSe, with current sweep as ~100 mA — 0 — 100 mA

— 0 — =100 mA for 3 times at 10 K.
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Fig. 5. (a) V-I characteristic curves of SnSe, in current sweep as 0 mA — 100 mA — 0 mA at ambient temperature 285 K, the in-

set shows the ultrared detection diagram of the device directly exchanging heat with air; (b) temperature distribution maps of the

sample at temperature points A, B and C'in (a); (¢) the DSC curves of SnSes,.
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MR R o B el A, HERR T A BRI SR I T
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HREFEBE A X BAEAS, I SCLC RN H
BB AR A S R AR . M R A E]
ZIABFE TR Vipy, SERFEAHH R 09T A B+
W SR 2, R R 2URIE i xR R A
1 PR it i P 2 AR /N S I P e Bl 4 EL BELEXC
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Abstract

Memristor and magnetoresistance (MR) are widely used in the field of information storage. In recent years,
SnSe,, as an information storage material with both memristor and MR effects, has received a lot of attention of
the researchers. It is of great significance to further explore its electrical transport mechanism. In this paper, the
high-purity bulk SnSe, samples are prepared by melting method together with spark plasma sintering. The V-1
curves are measured under different temperatures and magnetic fields. The memristive and MR effect of SnSe,
are systematically investigated. After the memristive characteristics are excluded from interfacial junction
effect, phase transition and conductive wire channels, the memristive effect at different temperatures is
attributed to the space charge limiting current effect under defect control. Under low electric field conditions,
the internal carrier concentration of material is much higher than the injected carrier concentration and the V-I
curve obeys ohmic conduction. When the voltage increases to the switching voltage V,,, the internal defects of
the material are filled with the injected carriers as the transport time of the injected carrier is less than the
dielectric relaxation time, and the V-I curves deviate from ohmic conductivity. When the voltage reaches the
transition voltage Vrypr, the injected carrier increases exponentially, and the V-I curve presents negative
differential phenomenon. Finally, the space charge inside the material will limit the further injection of external
carriers, and the V-I curve follows the Child law. As the temperature decreases to 10 K, the memristive
phenomenon weakens because a large number of defects for accepting the injected carriers are reduced due to
the decrease of impurity ionization at low temperatures. At the same time, the sample exhibits a large negative
MR at 10 K and 100 K. When impurity scattering predominates, the electrons will be subjected to multiple
scattering by the impurities, resulting in localization of carriers. The negative MR effect is related to the
inhibition of the carrier localization by the magnetic field. In our work, a large negative MR of about —37% at
0.6 T and 10 K are obtained, which is likely to originate from the disordered distribution of Se vacancy in the
material. With the increase of temperature, the scattering mechanism gradually evolves from the impurity
scattering into the lattice scattering, and the negative MR effect gradually develops into the positive MR effect.

Keywords: memristive effect, space charge limiting current effect, magnetoresistance effect, carrier

localization
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