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Abstract The two-dimensional layered MoS2 has high mobility and excellent optical properties, and there has been

much research on the methods for using this for next generation electronics. MoS2 is similar to graphene in that there

is comparatively weak bonding through Van der Waals covalent bonding in the substrate-MoS2 and MoS2-MoS2

heteromaterial as well in the layer-by-layer structure. So, on the monatomic level, MoS2 can easily be exfoliated

physically or chemically. During the MoS2 field-effect transistor fabrication process of photolithography, when using

water, the water infiltrates into the substrate-MoS2 gap, and leads to the problem of a rapid decline in the material’s

yield. To solve this problem, an epoxy-based, as opposed to a water-based photoresist, was used in the photolithography

process. In this research, a hydrophobic MoS2 field effect transistor (FET) was fabricated on a hydrophilic SiO2

substrate via chemical vapor deposition CVD. To solve the problem of MoS2 exfoliation that occurs in water-based

photolithography, a PPMA sacrificial layer and SU-8 2002 were used, and a MoS2 film FET was successfully created.

To minimize Ohmic contact resistance, rapid thermal annealing was used, and then electronic properties were

measured.
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I. Introduction

MoS2 is one of the transition metal dichalocogenide

compounds (TMDC), which like graphene has a two-

dimensional layered structure. Within the two-dimensional

layer, the Mo and S atoms are strongly bonded through

covalent bonds, but between the layers, the bonding is

weak due to Van der Waal’s bonding. In the case of MoS2,

with its varying characteristics based on whether it’s in a

bulk situation or in a monolayer, various exfoliation

methods and chemical vapor deposition methods such as

mechanical exfoliation by the scotch type method, optical

exfoliation by a laser beam, and chemical exfoliation using

solutions were used to adjust the layers and check its

properties. The MoS2 monolayer has a 1.8 eV direct band

gap, and there are high expectations for its applications in

next generation devices due to its excellent electronic and

optical properties. There is a lot of research into its

applications in fields such as photodetectors, gas sensors,

optomechanical sensors, and MOSFET devices [1]. Most of

the photoresist (PR) used in the general photolithography

process requires the use of water. But, when water is used,

water infiltrates into the MoS2-substrate gap because the

MoS2-substrate is weakly bonded by Van der Waals

covalent bonds, and the MoS2 is exfoliated and peels off.

(Figure1) In order to solve this problem, a PR that did not

use water in the photolithography process was chosen.

II. Experiments

Exposure, which is one of the processes in photolithography,

requires an appropriate time and power intensity. To apply the

right light exposure, it is necessary to optimize the power
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Figure 1. Picture of MoS2 in water showing its separation from
the substrate.
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intensity and exposure time applied by the photo aligner.

The top part of Figure 2 shows the results at the same

power intensity, but at gradually longer exposure times. It

shows that the pattern gradually becomes clearer. The bottom

part of figure 2 shows the difference in photolithography

results according to different amounts of total light energy

per unit area (94 and 75.6 mJ/cm2 ).

Generally, at a higher light energy exposure, the pattern’s

resolution is enhanced. But a weak power intensity

exposure and a long exposure time period, the resolution is

weakened. Reflections caused by a contaminated particle

or irregular PR coating can lead parts that you do not want

to get exposed to light to get exposed, and problems could

also be caused by overexposure due to the continual

reflection of light in the substrate-PR layer. Applying high

power intensity and short exposure time helps decrease the

errors in pattern formation due to reflections. 

III. Results and Discussion

Figure 3 is a diagram that shows the photolithography

process. In order to prevent exfoliation from water, we

used the PR Su-8 2002, which does not require water. First,

we made the desired MoS2 channel through patterning.

Next, through the electrode process, we made a metal-

oxide-semiconductor field effect transistor (MOSFET)

device [1]. One problem in using SU-8 was that when

lifting off the SU-8 2002 in the pattern part, as shown in

figure 3, part of the MoS2 channel peeled off. The reason

for this situation was that when using the epoxy-based SU-

8 Photoresist, after exposing it to a post exposure bake

(PEK), bonding between epoxy groups led to a stronger

cross-linking situation [3-4].

1. Ti/Au 

Ti/Au was the cause of the exfoliation problem of the

MoS2 channel as well as the cross-linking. Problems were

caused due to the movement of electrons in the MOSFET

Figure 2. Images from the photo aligner showing patterns based on power intensity and exposure time.

Figure 3. Diagram showing the photolithography process that uses only Su-8 Photoresist.

Figure 4. Results showing the exfoliation of the MoS2 Channel
when using only the Su-8 Photoresist.
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channels, and the measured data cost (m = 0.022 cm2/V × s)

was comparatively low.

The photolithography process used minimized the

problems due to using water in the photolithography

process, the exfoliation of the MoS2 due to the SU-8 cross-

linking, and the reflections due to the exposure time and

power intensity. Figure 5 shows images of each step using

the microscope as well as a schematic showing side views.

Use of PMMA as a sacrificial layer prevented the

exfoliation of the MoS2 channel when using the SU-8

based PR. Removing the PMMA also removed the SU-8

layer, and prevented the exfoliation of the MoS2 layer. With

the MoS2 channel fabricated, the overall yield of the wafer

increased. The device’s average ON/OFF ratio and mobility

were obtained.

 A device was made and measured when using PMMA

as a sacrificial layer, with the existing MoS2 channel peeled

off. The ON/OFF ratio was 824.62 and Mobility was μFE =

0.022621 cm2/Vs. When using PMMA as a sacrificial layer

and fabricating a FET with clear MoS2 channels, the ON/

OFF ratio (5.1 06562.5) and Mobility(μFE = 0.33203 cm2/

Vs) were higher.(Figure 6). The mobility was calculated

using μFE = μlin = L/W·Ci·VDS]·[dID/dVGS] and the field

effect mobility was measured in the linear part of the

graph. (Here μFE = Field Effect Mobility, L = Channel

Length, W = Channel Width, Ci = Capacitance between the

channel and the back gate per unit area (ε0εr/d; εr = 3.9,

permittivity; d = 300 nm, oxide thickness), VDS=Drain

Voltage, ID = Drain Current, VGS = Gate Voltage) [5-7].

When forming a two-dimensional MoS2 contact metal,

there is high contact resistance between the metal and

MoS2, so electronic characteristics are not favorable. After

photolithography and gold deposition, when measuring the

FET’s source-drain current and voltage, the general reason

was discovered to be Schottky contact [8]. To solve the

problem of the MoS2 and gold contact, FET was made

and heat treated by RTA. Figure 5 shows RTA heat

treatment, with FET’s electron mobility increased by 581%.

The heat treatment via RTA successfully changed the

Schottky contact into an Ohmic contact, and it is predicted

that this change improved the device’s characteristics and

performance [9].

Figure 5. Diagram showing images when using PMMA A6 as a sacrificial layer.

Figure 6. PMMA A6 was used as a sacrificial layer, and SU-8
Photoresist was used. This shows the MoS2 Channel did not
peel off.

Figure 7. RTA results showing the FET Device’s ON/OFF ratio, Mobility, and I-V Curve.
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IV. Summary

When MoS2 and the substrate are immersed in water,

water infiltrates into the substrate-MoS2 gap and the MoS2

peels off. To solve this problem, Su-8 Photoresist, which

does not use water was used in this photolithography. By

using epoxy-based SU-8 in the fabrication process, cross-

linking within the epoxy groups and reflections are

produced during the post exposure bake (PEB). To solve

these problems, PMMA A6 was used as a sacrificial layer,

and the intensity and exposure time during fabrication were

modified. By using RTA, the Schottky contact was changed

into an Ohmic contact. This research has shown the

creation of a Back gate FET device through the use of a

two-dimensional layered MoS2 film. Also, the back-gate

FET fabrication technique invented here will be useful

when creating high k insulators that use top gate FET

devices, and it’s expected that the back-gate FET fabrication

technique invented here has applications in fields that use

photodetectors, gas sensors, and optomechanical sensors.

Also, it’s expected that this research can be applied to the

current research on the fabrication techniques of two-

dimensional materials, and more research is expected on

the electronic properties of these new 2 dimensional

material back-gate devices.
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