Low-voltage 2D materials-based printed field-effect transistors on paper
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Two-dimensional materials are considered excellent building blocks for future every-day
electronic applications thanks to their tuneable fransport properties and compatibility with
flexible substrates, which enable the design of a large variety of devices, ranging from
wearable electronics to smart packaging [1]. Here we report high-performance field effect
transistors fabricated with a “channel array” VLSI approach. Initially, a pattern of CVD-grown
MoS2 to be used as channels is deposited on paper substrates (Figure 1a). Inkjet printing is
then used to complete fransistors and circuits fabrication, through the deposition of hBN
dielectric layers and silver contacts and connections (Figure 1b). The fabricated devices
possess high current modulations (lon/lore up to > 10%) and good mobilities (up to 15 cm2/Vs)
[2], comparable with those typical of MoS2 transistors on rigid substrates (Figure 1c)
[3].Bending tests have shown that the device electrical properties are robust under applied
strain. An inverter with high gain, a NAND gate, and a current mirror based on MoS:2 transistors
are reported (Figure 2 q, b, ¢, respectively), showing a path for the development of both
analogic and digital circuits for cost-efficient applications.
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Figure 1. Optical micrograph showing the transferred MoS: stripes on paper (a). Inkjet-printed
fransistors on paper (b). The scale bars in a-b correspond to 500 um. Typical transfer characteristic
curve (c). Logarithmic scale: black dots, drain current; golden dofs, gafe current. Linear scale: blue
dots, drain current.
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Figure 2: Input-Output characteristic (left axis) and voltage gain (right axis) of an inverter gate as a
function of the input voltage (a). Output voltage of the NAND gate as a function of the input states
(b). Output current of the current mirror as a function of the output voltage for two different values of
the reference current (c).
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