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Figure 1 (Color online) (a) Schematics of the devices with Ti/Au contacts and with MoOs/Au contacts; (b) room temperature transfer curves of the
devices with Ti/Au electrodes, the red curve represents the device between electrode 1 and electrode 2, and the blue curve represents device between
electrode 2 and electrode 3, field-effect mobility extracted from the transfer curves of the two devices are both about 2 cm® V' s, the inset is the optical
image of the devices; (c) and (d) thickness of the MoS, channel measured by atomic force microscope (AFM). Thickness of the sample between electrode
1 and electrode 2 is 2 nm (~2-3 layers), and thickness of the sample between electrode 2 and electrode 3 is 5.5 nm (~8 layers).
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Figure 2 (Color online) (a) and (c) are the room temperature transfer curves of device S1 and device S2, respectively. The extracted on/off ratios are
both larger than 10°; the field effect mobility are (25.0£0.9) and (19.7£0.3) cm® V' s ™', respectively; (b) and (d) are thickness of the MoS, channel of
device S1 and device S2 measured by atomic force microscope (AFM), respectively. The thickness of S1 is 2 nm (2~3 layers), and the thickness of S2

is 8 nm (12 layers).
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Figure 3 (Color online) (a) and (b) are the transfer curves of device S1 and device S2 at different temperatures from 300 to 11 K, respectively; (c) and
(d) are the on-state voltages (V) of S1 and S2 plotted as a function of temperature, respectively.
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Figure 4 (Color online) (a) and (d) output curves of device S1 and device S2 at different temperatures, the temperature varies from 300 to 11 K; (b)
and (e) conductivity as a function of temperature at /;,=50 V of device S1 and device S2, respectively; (c) and (f) mobility as a function of temperature
of device S1 and device S2, respectively.
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Transport properties of MoO; contacted few-layer
MoS; N-type field-effect transistor

YAN ShiLi"", XIE ZhiJian', WANG Lei' & CHEN JianHao"*"

" International Center for Quantum Materials, School of Physics, Peking University, Beijing 100871, China;
% Collaborative Innovation Center of Quantum Matter, Beijing 100871, China

Molybdenum disulfide (MoS,), a member of the transition-metal dichalcogenides (TMDs) family, is a semiconducting
layered matierial consisting of two atomic layers of S atoms and Mo atoms. Comparing with semimetal graphene, its
relatively large band gap makes MoS, more suitable for applications in logic cricuit. Besides, strong spin orbit coupling
and special symmetric structure give MoS, many intriguing physical and chemical properties. However, contacts between
metals and MoS; remain a critical issue which hinders not only the investigation of the intrinsic properties of MoS; but
also its applications. Therefore, it is urgent to find the technique that can improve the contact condition between metal and
MoS,. In this work, using MoOs/Au as the electrode of MoS, based field effect transistors (FETs), we obtained N-type
MoS; FETs with improved contact conditions. The transport properties of these devices at different temperatures is also
investigated. We demonstrated that the Schottky contact of the MoS, FETs can be well improved by the interlayer MoOs
between MoS; and metal electrodes: for device with 2 nm thick channel MoS,, the room temperature mobility can be as
high as 25 cm? V! s, 16 times higher than device without MoO; contact; for device with 8 nm thick channel MoS,, the
highest value of the low temperature mobility is as high as 100 cm® V' s'. Therefore, we extracted the intrinsic low
temperature property of MoS, FETs: the transport property of few layer MoS, devices is dominated by the scattering of
charge carriers from defect or charge traps; such scattering is weakened as the carrier density increases and screening is
improved. The technique demonstrated in this work can also be applied to other TMDs field effect devices.

field effect devices, metal-nonmetal contacts, electronic transport in nanoscale materials and structures
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