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Abstract: MoS: has attracted significant attention as a next-generation semiconductor material to overcome the physical scaling
limits of silicon-based devices due to its atomic thinness and excellent electrical properties. However, high contact resistance
and the formation of Schottky barriers resulting from interface defects during the metal deposition process remain major
bottlenecks that degrade overall device performance and reliability. In this study, we fabricated MoS2 FETs by employing Sb2Tes,
van der Waals (vdW) contacts. Minimized interface inhomogeneity was achieved through a hemispherical stamp-based dry
transfer of h-BN for device encapsulation. h-BN encapsulation decreased the hysteresis window in the 25 V gate voltage range
from 17 V to 11.5 V compared to un-capped devices, confirming that charge trapping phenomena induced by external
environmental factors were suppressed. Consequently, the dry transfer technique of h-BN using a hemispherical stamp
demonstrated in this study provides a potential solution for securing the long-term reliability of MoS:2 devices with vdW contact

by minimizing interface contamination.
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Fig. 1. Optical microscopy images of the MoS. FET fabrication
process (a) transferred multilayer MoS: flake on the substrate, (b)
photoresist pattern defined by photolithography using a mask aligner,
(c) source and drain electrodes formed by e-beam evaporation
followed by lift-off, and (d) h-BN flake transferred onto MoS2
channel for capping.
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Fig. 2. AFM analysis of MoS: channel thicknesses: (a—d) AFM
topography images of the MoS: flakes used in the FET devices. The
height profiles indicate the thickness of each channel as
approximately (a) 20 nm, (b) 32 nm, (c¢) 34 nm, and (d) 30 nm.
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Fig. 3. Two types of fabricated stamps for dry transfer: (a) schematic
of (top) flat- and (bottom) hemispherical-type stamps, (b-d) images of
flat-type (b: top view), and hemispherical-type (c: top view, d:
sideview) stamp.
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Fig. 4. Optical images illustrating the h-BN transfer process onto the MoS: FET: (a) micromanipulator system used for the dry transfer process,
(b) h-BN flake selected for transfer, (c) h-BN flake brought into contact with the stamp, (d) h-BN flake picked up and attached to the stamp, (e)
MoS: FET prior to h-BN transfer, (f) stamp brought into contact with the MoS. FET, and (g) final device after completing the h-BN transfer
onto the MoS, FET.
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Fig. 5. Transfer characteristics of the MoS» FET with and without h-
BN capping: (a-d) Ips-Vas transfer curves for four devices. The black
curves and red curves correspond to the devices without and with h-
BN encapsulation. Transfer curves measured with a gate voltage
sweep range of £25 V. All measurements were performed at Vps =
0.1 V. Arrows indicate the forward and backward gate voltage sweep
directions.
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