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Fresh Blood of Two-Dimensional Materials: Group I1V-VI Semiconductors
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Abstract Two-dimensional (2D) layered materials possess unique electron structures and quantum size effects, and
have received extensive attention in the fields like optoelectronics devices. Among them, the 2D group 1V-VI
semiconductors have become one of the research focuses recently due to the advantages as low-cost, earth-abundant,
and environment-friendly characteristics. The unique crystal structures of the 2D group IV-VI semiconductors are
introduced, and the research progress on their preparation methods including mechanical exfoliation, liquid phase
method and vapor deposition is reviewed. The research status of 2D group IV-VI semiconductors in the fields of
effect transistors and optoelectronic devices is discussed. The suggestions are presented aiming at the current issues
in the preparation and device applications and the future research directions.
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Fig. 1 Crystal structures of (a) SnS, (b) SnS, and (c) GeSe,
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Fig. 2 (a) Schematic diagram of preparing SnS; single crystal by CVT deposition technique; (b) optical image
of SnS;, single crystal; (¢) AFM image of monolayered (ML) and bilayered (BL) SnS, nanosheets after exfoliation;

(d) Raman spectra of SnS, under different excitation wavelengths (532 nm, 633 nm) "
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Fig. 3 New method for synthesizing SnE (E=S, Se) with different morphologies
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Fig. 4 (a) Schematic diagram of collecting SnSe nanosheets on mica substrates with PVD method; (b) optical image of SnSe

nanosheets?™ ; (¢) schematic diagram of preparing ultrathin SnS nanosheet vertical arrays with PVD method;

(d) uniformly distributed ultrathin SnS nanosheet vertical arrays; (e) XRD patterns of as-synthesized SnS nanosheets!®"
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Fig. 5 (a) Schematic diagram of setup for synthesizing SnS, and SnS crystals with gas phase method™ ;

(b) schematic diagram of synthesis setup™” ; (¢) schematic diagram of synthesizing SnS, nanosheet arrays with

seed crystal arrays®; (d) schematic diagram of preparing SnSe, /S, nanosheets with CVD method, optical

and SEM images of as-synthesized SnSe, /S, nanosheets!® ; (e) Raman spectra of

SnS, crystals with different thicknesses, inset: E, mode of SnS, "
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RN DA B i - IO B 38 ) R S L LR S e 2 R R RO AR AR R L SR BR T A L E B B A
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Fig. 6 (a) Drain-source current Ips as a function of gate voltage Vi, inset: AFM image of device®™ ;

(b) optical image of top-gated FET, scale bar is 5 um" 7 ; (c¢) transfer characteristic curves of top-gated FET;

(d) schematic diagram of SnSe, FET with organic electrolyte as top gate!®™ ; (e) schematic diagram of SnS, FET with

H, O solution as top gate; (f) transfer characteristic curves of SnS, FET" ; (g) FET transfer characteristic

curves of Pb,_, Sn, Se nanosheets hetero-epitaxially grown on BN substrate!'® ; (h) optical image of

typical device based on heterostructure; (i) energy bands of black phosphorous and SnSe, %"
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Fig. 7 (a) Schematic diagram of photodetector based on SnS,"** ; (b) transfer characteristic curves under dark state and
light illumination, inset: schematic diagram of phototransistor; (¢) photoresponsivity as a function of gate voltage V1% ;
schematic diagrams of photodetectors based on GeSe nanosheets with (d) top contact and (e) bottom-top contact,
respectively™ ; (f) output characteristics regulated by gate voltage, inset: schematic diagram of SnS,/SnS heterostructure;
(g) IV curves of dark and bright currents ; schematic diagram of (h) PbS/MoS, heterostructure and (i) its device;
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is 2 V at room temperature; (k) schematic diagram of patterned PbS/MoS, device array™"
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