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Abstract

Electrical Transport Characteristics of ReSe2 FET

Transition Metal Dichalcogenides (TMDs) are layered materials that can
be exfoliated in order to produce single to few-atomic layers single
crystals. The semiconducting TMDs crystals such as MoS2, WSe2, ReS2,
ReSe2 have tunable bandgaps as a function of number of layers, which
ranges from 0.8 eV to 3 eV. These crystals are flexible and nearly
transparent in few-atomic layers. Thus, they can be used as thin,
transparent, and flexible field-effect transistors and logic elements when
fabricated on a flexible substrate. The goal of this project was to study the
electrical transport properties of few atomic layers ReSe2 field-effect
transistors for potential application in optoelectronics.
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Figure (3): E-beam evaporator for depositing
chromium and gold for the contacts.

Lithographically Fabricated FET
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Transistor Fabrication Procedure
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We cut ~6 cm diameter Si/SiO2 wafers into 0.5 cm2 wafers using a
diamond cutter.
Clean wafers using acetone, isopropanol, and water in ultrasonic
bath.
Mechanically exfoliate the bulk-ReSe2 crystal using scotch tape.
Transfer the exfoliated thin layers onto the SiO2 substrate.
Identify the thinnest layers under the optical microscope (Figure 4).
Take photographs of the samples and take note of their location
within the wafers.
Coat the wafers with PMMA using the spin coater for lithography.
Design the contacts in DesignCAD using the photographs taken in
the microscope as reference.
Expose the contact area by the electron beam using the scanning
electron microscope (SEM).
Develop the sample submerging it in MIBK:IPA (1:3) solution.
Deposit the metal contacts using the electron beam evaporator.
Lift off the PMMA to obtain the final clean devices.
Anneal the devices in high vacuum at 120 oC to improve the contacts.
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Figure (5): 2 atomic layer
ReSe2 crystal with a length and
width of 7 µm and 2 µm
respectively, exfoliated onto Si/
SiO2 substrate. The sample was
covered with PMMA for
lithography pattern. We used
Atomic Force Microscope to
measure the thickness of the
flake.

Figure (9) : Ids as a function of Vds, with
several different Vbg. The linear behavior of
Ids vs Vds plot indicates ohmic like contacts of
Cr/Au on ReSe2 crystal despite of having
Schottkey barrier between Cr and ReSe2
interface. This linear I-V response is due to
the thermionic emission of carriers at room
temperature.
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Figure (6): Pattern created with
the e-beam lithography using
the scanning electron
microscope.

Figure (7): Cr/Au contacts of
7/80 nm thickness deposited
using the e-beam evaporator
(Figure 3), and subsequently
lifted off the PMMA to obtain
the final device.

Schematic of the Device with
Electrical Connections

Hot plate

Figure (2): Cryogenic system
that we used for the
measurements with 9 T magnet
where we cooled down the
sample down to 2 K .
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Figure (11): Ids as a function of Vbg, with Vds =
50 mV and 100 mV, on a semi-logarithmic axis.
This shows an on/off current ratio of transistor
≈ 106 and a subthreshold voltage swing (SS) ≈
200 mV.

Conclusion
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Figure (4): Depicts the image of a few-micron
devices under optical microscope. We used this
microscope to find the thinnest flakes on the
substrate after mechanical exfoliation.

Crystal Structure
of TMDs
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Figure (1): From left to
right, the spin coater for
coating with PMMA, the
hot plate for annealing, and
the ultrasonic bath for
cleaning the wafers.

Figure (10): Ids as a function of Vbg, with Vds
= 50 mV and 100 mV in a linear scale. The
green line is the linear fit to one of the
curves. The field-effect mobility (µ) of the
transistor is calculated using MOSFET
transconductance formula, where Ci is the
capacitance per unit area, ε 0 is the
permittivity of free space, εr is the dielectric
constant of SiO2 = 3.9. d is the thickness of
the SiO2 = 270 nm. L and W are the length
and width of the channel, where L/W ≈ 2 for
our sample.
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Figure (12): Ids as a function of the Vbg, on a
semi-logarithmic axis of a second ReSe2 FET
device, showing the ambipolarity behavior.
Ambipolarity behavior has promising
applications on MOSFET technology, where it is
required to have both n- and p-type conduction
in the same device.

We fabricated few-atomic layers ReSe2 FETs on clean Si/SiO2 substrate using e-beam lithography
technique. We observed high electron and hole mobility of ~100 cm2/Vs at room temperature. The On/
Off current ratio is in the order of 106 and subthreshold voltage swing calculated from sharp transition of
FETs from Off state to On state is ~ 200 mV. The ambipolar characteristic of ReSe2 FET indicates
potential application in MOSFET technology.
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Figure (8): Artistic representation of a field-effect transistor (FET). Where Ids is the drain-to-source
current, Vds is the drain-to-source voltage, and Vbg is the back gate voltage. The electrical connection
depicted here was used to measure the electrical transport properties of FET using 2-terminal and 4terminal configurations.
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