Hexagonal BoronNitride as the Dielectric in Transition Metal Dichalcogenide –Based
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Abstract

 Optical microscopy is used to identify a sample on the SiO2 wafer

Fieldeffect transistors (FETs) based on exfoliated transitionmetal
dichalcogenides14 TMX2 (where TM stands for Mo, W, Hf, Re, etc, and

suitable to the purpose of the research; typically, flakes of few layers,
reasonable size, and good geometry (rectangular) are the most
desirable.

FET Operation on Electron Side

 The pattern is developed by dipping the SiO2 wafer into acetone,
isopropyl alcohol (IPA) and then deionized water.

X for S, Se or Te) were shown to be promising as lowpower switching
devices and therefore as potential components for highresolution
liquid crystal and organic lightemitting diode displays, particularly in
their multilayered form5. Our previous studies on FETs based on
TMX2 crystals exfoliated onto SiO2 through the mechanical exfoliation
technique, indicated an anomalous large amount of spurious charges
in the conducting channel, probably due to dangling bonds from the
SiO2 layer, and from chemical residues remaining from the FET

fabrication process. This spurious disorder is found to increase the
mobility edge and to lead to carrier localization, i.e. twodimensional
variable range hoping conductivity at low gate voltages, hence limiting
carrier mobility at gate voltages surpassing the threshold value which
defines the mobility edge79. Here in order to improve FET
performance, particularly at low temperatures, we explore alternative
FET architectures. In particular, heterostructures composed of
graphite (i.e. used as the back electrical gate and intended to screen
the spurious charges on the SiO2 layer), hBN (which is a flat dielectric
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Figure (4) Fewlayered MoSe2 flake.

 With the aid of an optical microscope and micromanipulator, flakes of
various materials are transferred on top of one another.

 Using the grid as a reference, electrical contacts are designed on the
flake in DesignCad, and written onto the surface of the SiO2 wafer

Figure (C) displays a logarithmic plot of drain source current as a
function of positive back gate voltage with several excitation voltages.
Figure (D) displays a linear plot of the drain source current as a
function of back gate voltage, with an excitation voltage of 60mV. Field
effect mobility is calculated by taking the slope of the linear region.
See equation (1).

using the SEM.
 The SiO2 wafer is placed into an electron beam evaporator. First

approximately 40nm of titanium, and then 90nm of gold is evaporated
onto the surface.
 Excess gold is removed by placing the SiO2 wafer in an acetone
bath. This dissolves the PMMA layer underneath, removing unwanted
gold.

free of dangling bonds) and MoSe2, which was previously shown by us
to display ambipolar behavior and relatively high hallmobilities at
room temperature7. In this work we characterize their overall electronic
properties, i.e. threshold gate voltages, subthreshold swings, on to off
ratios, ideality factors and carrier mobilities to compare their properties
with those of MoSe2 based FETs on SiO2, previously reported by us7.

Figure (9) Layered MoSe2 coated with PMMA and markers designed with electron beam lithography.
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Where µ is the fieldeffect mobility, L and W are the length and width
of the sample, respectively, m is the slope of the linear region, C is the
capacitance per unit area, and Vds is the drainsource voltage.

Figure (5) MoSe2 layered on top of hBN and graphite

 Atomic Force Microscopy (AFM) is performed on the sample to
accurately determine thickness of the flake, and the smoothness of its
surface.
(E)
Figure (10) Layered MoSe2 with gold contacts.

Methods
Crystals are synthesized using vapor transport technique.
 A small sample is manually removed from the bulk crystal.

Figure (11) Diagram of MoSe 2 device.

 Gold wires are used to attach the gold contacts to a physical
properties measurement system (PPMS) puck, creating a device that
can be characterized.

Figure (E) displays both the hole and electron side as a linear plot of
the source drain current as a function of the back gate voltage,
ranging from room temperature to 5K.
Figure (F) displays the extracted FieldEffect Mobility for both the hole
and electron side as a function of temperature. Electron mobility
increases, while hole mobility diminishes as temperature decreases.

Results

Conclusions

Figure (6) Surface rendering of the MoSe 2 flake from AFM.

FET Operation on Hole Side
(A)

Figure (1) Bulk MoSe2 crystal.

 The sample is manually exfoliated into thin layers, and transferred
onto a wafer of SiO2 using the scotch tape micromechanical cleavage
technique.

Figure (2) Exfoliated MoSe2 crystal.

(B)

Figure (8) Graph of height profile.
Figure (7) Height profile of MoSe2 flake from AFM.

Figure (3) MoSe2 exfoliated on top of SiO2 wafer.

(PMMA).
 A Scanning Electronic Microscope (SEM) exposes the PMMA to an
electron beam, a process known as electron beam lithography, to
create a grid pattern which later serves as a frame of reference.
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 Measurements were made on a FET based on few layer MoSe2 on a
SiO2 substrate, which demonstrated ambipolar behavior.

 At room temperature, hole mobility was observed to be 83cm2/Vs,
while electron mobility was 120cm2/Vs.
 Electron mobility was observed to increase from 120cm2/Vs to
600cm2/Vs when decreasing from room temperature to 5K, while the
hole mobility was observed to decrease from 83cm2/Vs to 0cm2/Vs.
 The decrease of hole mobility may be due to charge localization in
the interface between MoSe2 and SiO2. The rough surface of the SiO2
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 The SiO2 wafer is spincoated with PolyMethyl MethAcrylate
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Figure (A) displays a logarithmic plot of drain source current as a
function of negative back gate voltage with several excitation voltages.
Figure (B) displays a linear plot of the drain source current as a
function of back gate voltage, with an excitation voltage of 60mV. Field
effect mobility is calculated by taking the slope of the linear region.
See equation (1).

has many dangling bonds, which trap charge carriers in the interface.
 A MoSe2 FET device was successfully fabricated using hBN as the
substrate. Due to the hexagonal structure of hBN the substrate is
ultraflat, and free from dangling bonds. This may lead to improved
device quality and carrier mobility.
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