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Abstract

In this study, electron transport properties and density of states of ZnO nanosheet have
been investigated by two-probe and tunneling junction measurements, respectively. ZnO
nanosheets with an average thickness 17 nm were taken as a two-dimentional material from
the viewpoint of electron microscopes and their Fermi wavelength. Prior to the device
fabrication, ZnO nanosheets were subjected to thermal annealing at 550 °‘C for 24 hours in a
high vacuum to raise their carrier concentrations so as to reduce their resistivities by two
orders of magnitude. Then, by using electron-beam lithography and thermal evaporation
techniques, we made two types of nanodevices. Devices having Ti/Au electrodes making a
direct Ohmic contact on ZnO nanosheets were categorized as Type I. Type | devices reveal a
variation in room-temperature (RT) resistivity from 10° to 10° Q and expose intrinsic electron
transport in ZnO nanosheets. For Type Il devices, we deposit Al,O3 film between ZnO
nanosheet and one Ti/Au electrode to make a tunneling junction structure for probing density
of states in ZnO nanosheets. Data of Type | devices can be well-described by two-dimensional
Mott’s variable range hopping at temperatures ranging from 300 K to 30 K. These devices
have hopping energy and hopping distance of 100 meV and 40 nm at RT, and have a high
average density of states 7.50x10% eV cm™. On the other hand, Type Il devices show data
of dI/dV spectrum to examine the density of states. Surprisingly, the semiconductor bandgap
structure of the ZnO nanosheets was not obtained, whereas a metallic feature of stair-like
density of states was observed. The stair-like density of state could come from electron

quantization in the vertical direction of ZnO nanosheets.
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