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Two-dimensional (2D) van der Waals (vdW) materials inherently possess an interlayer
resistance between adjacent layers, which significantly influences their carrier distribution
across the thickness of the material, particularly in relation to the positioning of the metal
electrodes. Herein, by considering the Thomas-Fermi charge screening theory and a
resistive network model, we systematically explore the thickness-dependent effective
carrier density profile for the bottom contact, top contact, and vertical double-sided
contact (VDC), where the top and boftom contact electrodes are connected. VDC
provides the least resistive conducting paths for carriers within 2D vdW multilayers by
suppressing interlayer resistance effects, resulting in a spatial redistribution of carrier density
along the thickness under varying electrostatic vertical and lateral bias conditions, and
consequently establishing separate bottom and top channels. The highest effective
mobility, particularly for VDC, was observed at approximately 10 nm, highlighting the
pivotal role of the bottom channel in the high electron accumulation regime as the
thickness increases. To validate our computational results, several back-gated n-type WSe2
transistors with thicknesses ranging from 4 to 244 nm were fabricated. Superior electrical
properties, including carrier mobility, conductivity, and a high on/off current ratio, were
observed at thicknesses of 8-10 nm, in excellent agreement with our numerical
calculations. Our findings provide valuable insights for the advancement of next-
generation electronic fransistors based on 2D vdW multilayers.
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Figure 1: Numerically simulated thickness-dependent In(Vss)/Io_max(Vec) of 10 nm-thick WSe2 under

VDC, using a Vec range of - 40 to 40 V in 1V steps, with Rint = 50 kQ um. And ure for top- and bottom-

channels at Vo =0.1V, 0.5V, and 1 V as a function of twse2. The error bars for ure represent the

standard deviation from the mean ure.
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