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ARTICLE INFO ABSTRACT

Keywords: We report a simple fabrication method for metal-semiconductor-metal (MSM) photodetectors using solution-
MSM photodetector synthesized MoS; films as the semiconductor channel and pure indium for the metal contacts. Resonance
MoS,

Raman spectroscopy has been used to confirm the growth of ultra-thin MoS, films. Due to the low work function
of indium, the back-to-back indium-MoS; Schottky junctions formed relatively low Schottky barrier height (0.43
eV), which has been calculated using the thermionic field emission model. Moreover, the MSM device shows
good responsivity (22 mA/W) under white light illumination. The MoS»-MSM device possesses higher photo-
electrical response in the visible and near IR region compared to UV due to the indirect bandgap of ultra-thin
MoS; film which has been estimated to be 1.38 eV. These findings reveal the significance of using low work
function metals like indium as contacts for layered transition metal dichalcogenides (TMDC) films (produced by
low cost solution-based techniques), particularly MoS,, in order to design semiconductor devices with efficient
opto-electronic performance.

Schottky contacts

1. Introduction

Two-dimensional materials have stirred rapidly growing interest
after the discovery of graphene due to their diverse properties that can
be exploited in wide range of applications [1]. An interesting subcate-
gory from this broad materials group are the two-dimensional transition
metal dichalcogenides (2D-TMDC), which are layered semiconducting
materials that predominantly exhibit 1-2 eV electronic bandgap [2].
Moreover, their bandgap can be modified by composition, which en-
ables tailoring the spectral responsivity of TMD based photodetectors.
For example, in MoS, by just substituting sulphur with tellurium, to
obtain MoTey, the operational range shifts from the visible to the
infrared region [2].

MoS; is a widely researched 2D-TMDC due to its natural abundance
[3], thickness-dependent bandgap [4,5] and excellent electrical
[6]/photoelectrical [7] behaviour, therefore, there has been significant
progress in the realisation of next-generation MoS; electronics [8], op-
toelectronics [3] and photonics [9] devices.

One of the significant challenges related to these materials that needs
to be addressed is determining a suitable production strategy to be
adopted by industry [2]. Several methods have been proposed for MoS,
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synthesis, for example: chemical vapour deposition (CVD) [10], pulsed
laser deposition (PLD) [11] and sputtering [2]. For industrial purposes,
thermolysis of single source precursor films like ammonium tetrathio-
molybdate (NH4)2MoS, constitutes a very promising approach, where
meter-scale continuous roll to roll MoS, films with excellent thickness
and composition homogeneity can be produced [12].

Another crucial challenge facing 2D materials and in particular
MoS,, that needs special consideration is the metal contact engineering,
as it is an essential step to design and fabricate electronic and opto-
electronic devices with high performance, low power consumption and
fast response [13]. Platinum, gold, tungsten, nickel, aluminium, tita-
nium and scandium have all been investigated for metallisation of single
crystalline MoS, flakes (exfoliated from natural bulk crystals) where
they show diverse electrical junction properties and output currents
ranging from Schottky to Ohmic, depending on their work functions [14,
15].

Indium is a soft metal with low work-function and is mature in terms
of integration with semiconductor technology. Very recently, indium
was deposited using electron-beam and thermal evaporation processes
on MoS; resulting a successful formation of Ohmic-like Van der Waals
junctions with low contact resistance [16,17]. However, it has been
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Fig. 1. Optical microscope image of spin coated 31 mg (NH4)2MoS, solution
dissolved in 5 mL (24 mM) solvent mixture with ratio (2: DMF, 2: n-butylamine
and 1:2-aminoethanol) over oxygen plasma treated silica substrate. The sub-
strate was pre-annealed at 90 °C for 5 min to evaporate the solvents.

reported by Liu et al., that the chemical alteration resulting from metal
evaporation and metal left-off processes is one of the aggravation factors
for fermi level pining in metal-semiconductor interfaces, resulting in a
high deviation from the Schottky-Mott model which describes ideally
the behaviour of charge carrier in metal-semiconductor junctions [18].

In this paper, the electronic and optoelectronic properties of back-to-
back indium-ultra thin MoS; films Schottky junctions have been inves-
tigated in a metal-semiconductor-metal (MSM) photodetector device.
The solution-synthesized MoS; films were grown by two-step thermol-
ysis of spin-coated ammonium tetrathiomolybdate films at high tem-
peratures. We fabricated the contacts by simply stacking scalpel-cut
Indium slivers directly on the MoS; films to exclude any metal evapo-
ration or lithographic steps. The I-V characteristics of the MoSy;-MSM
device under dark conditions have been investigated and the main pa-
rameters such as ideality factor, reverse saturation current and Schottky
barrier height have been extracted. Moreover, the MoS,-MSM device
shows excellent responsivity under white light illumination due to the
broad spectral photoelectrical response of the device ranging from NIR
to UV regions. The work presented here investigates the electronic and
optoelectronic behaviour of low Schottky barrier height junctions
formed between semiconducting ultra-thin MoS; films and the two In-
dium contacts.

2. Experimental methods

2.1. Preparation of (NH4)2MoS4 solutions and substrates for growth of
MoS; films

The initial step to produce MoS; films by thermolysis of ammonium
tetrathiomolybdate (NH4)2MoSy is to coat the targeted substrates with
the precursor solution. The chemistry of the precursor solution and
hydrophilicity of substrate surface are vital to deposit highly uniform
and defect-free precursor layers, especially when spin-coating technique
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is applied, as these will be thermally decomposed via annealing to
produce highly uniform MoS; films.

To prepare the precursor solution, 31 mg of (NH4)2MoS4 has been
dissolved in 5 mL solvent system to create 24 mM precursor solution
(where the solvent system contains 2 mL: dimethylformamide (DMF), 2
mL: n-butylamine and 1 mL:2-aminoethanol). The solutions were soni-
cated for 15-20 min to improve the solubility and homogeneity. This
solvents recipe has been adopted from Yang et al., with modifications on
the solvents ratios to preserve the uniformity of the precursor layer [19].

In addition to the solvent recipe, substrate conditioning plays an
important role to avoid clusters and pinholes formation on the coated
substrate, thus allowing the homogeneous formation of films. It has been
shown by Yang et al., that a few seconds of oxygen plasma etching im-
proves the wettability of the (NH4)2MoS4 solution on the substrates
[19]. However, we found it was more suitable and reproducible if all the
substrates were exposed to oxygen plasma etching with the following
details: 1000 W power, 10 min exposure time, oxygen flow rate1000
mL/min and 0.1 mbar pressure. It is worth noting that prior to plasma
treatments, the substrates were all cleaned sequentially by acetone,
isopropanol, methanol and deionized water then dried using nitrogen
flow.

Finally, the (NH4)2MoS4 solutions were spin-cast for 1 min as the
following: Step 1- ramp 5 s, dwell time 5 s, rpm 500; Step 2- ramp 5 s,
dwell time 45 s, 3000 rpm. Prior to annealing, the samples were pre-
baked in ambient conditions directly after spin-coating for 1-5 min at
90 °C to solidify the precursor layer. Fig. 1 is an optical microscopic
image that shows spin-coated (NH4)2MoS4 film on silica substrate
deposited by the aforementioned procedure.

2.2. Thermal decomposition and device fabrication

The samples consisted of spin-coated (NH4)2MoS; films (formed by
24 mM solution concentration) on 1.5 cm? SiO4/Si substrates with 300
nm oxide layer were placed inside a tube furnace for the thermal
decomposition step. During the 20-min ramping time of furnace, the
samples were kept in the cold zone under 1 mbar pressure and 100 sccm
purge flow of (6% Hs/Ar). Once the furnace temperature reached 500
°C, the samples were repositioned to the hot zone for 30 min annealing
at this temperature. After the first annealing step, the samples were left
to cool down naturally while maintaining the flow of gas. Normally, the
MoS; films grown by thermal decomposition at 500 °C suffer from short-
range crystalline order, hence, they exhibit poor electrical and optical
properties [20]. Crystallinity enhancement for MoS; films was therefore
implemented by a second annealing step at 1000 °C in Ar environment
with 100 sccm flow under atmospheric pressure for 15 min. The samples
were exposed to the targeted temperature after the furnace levelled-off
and once the annealing step finished (15 min), the samples were moved
out of the hot zone to cool down naturally to room temperature. To
preserve the composition of MoS; films at the high temperature, we
performed the processing using a face to face arrangement of identical

2. 1000°C in Ar
at ATM for 15 min

Two substrates with the spin coated
(NH,),MoS, sides facing each other

Fig. 2. Schematic diagram for the furnace system that was used for the synthesis of MoS, via two-step thermal decomposition/annealing of (NH4)>MoS,.
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Fig. 3. Schematic diagram of MoS,-MSM device.
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Fig. 4. Raman spectra of MoS, films grown by thermolysis of spin-coated
ammonium tetrathiomolybdate with 24 mM concentration.

sample pairs as shown in Fig. 2.

In order to investigate the rectifying and photodetection properties
of the MoS,, films with indium contacts, a metal-semiconductor-metal
device was fabricated. The metallisation process is as follows: two in-
dium metal slivers were cut and pressed gently on the MoS; film; the
contacts conformed well to the surface of the sample as indium is a soft
metal. The spacing between the two contacts was about 3 mm long and
3 mm wide. Prior to the metallisation step, the indium contacts were
etched using 10% hydrochloric acid solution diluted in di-ionized water
to remove the native oxide from the surface, which can degrade the
performance of the contacts. Fig. 3 shows a schematic diagram for MoS,
metal-semiconductor-metal (MSM) photodetector device.

3. Results and discussion
3.1. Raman spectroscopy of MoSz

In order to confirm the growth of semiconductor MoS; films, Raman
spectroscopy has been conducted with excitation wavelength of 633 nm
and 20 mW power using 50X objective. Fig. 4 shows the Raman spectra
of MoS; films grown by thermolysis of spin-coated ammonium tetra-
thiomolybdate films using 24 mM concentration. It is worth mentioning
that Lorentzian fitting was used to obtain the peaks’ positions and all
peaks are labelled according to Refs. [21,22]. The Raman characteristic
peaks for MoS, are Epg and A;g which are centred at 379.4 cm ™' and
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Fig. 5. Linear graph of I-V characteristics of MoS; MSM photodetector where
the black line represents the dark current (without illumination), the red line
represents the current under white light illumination and the blue line is the net
photocurrent.

405.4 cm ™! respectively, with a wavenumber difference (A;g- Eog) of 26
em L.
Additional Raman peaks, as compared to spectra corresponding to
shorter wavelength excitation lasers [21], appear through the whole
scanning range of energies as shown in Fig. 4. The existence of these
second-order Raman peaks is due to the resonance of excitation wave-
length (633 nm) with the direct band gap of MoS; [21,22]. In addition to
the application of Raman spectroscopy for MoS; growth verification, it is
also used to estimate the number of MoS; layers [21,22].

It should be noted that the positions and the separation of Raman
characteristic peaks (A;g- Eag = 26 cm_l) [22], the prominence of LA
(M) peak at 227.1 cm’l, which does not appear in bulk MoS, [22] and
the broadening of MoS, peaks at wavenumbers between 530 cm™! to
650 cm ™, that leads to split additional peaks (Q,P and S), which are not
found bulk MoS, [22] are sufficient evidence that the MoS, films are
ultra-thin in nature.

3.2. Extraction of dark and photocurrent parameters of multi-layered
MoS3 MSM photodiode

It is well known that the electrical behaviour of metal-semiconductor
junctions has either Ohmic or Schottky nature, and the Schottky barrier,
which represents the difference between the work function of the metal
contact and the electron affinity of the semiconductor can be estimated
according to Schottky-Mott rule [18]:-

Dsp = Dunerat — ) equation 1

where ®gp is the Schottky barrier for electrons and ®petq) is the work
function of the metal and jx represents the electron affinity of the
semiconductor. Indium has a low work function (4.12 eV) [23-26] while
the electron affinity of multi-layered MoS; is about 4 eV [14,15,27,28].
This means indium contact with MoSs has a Schottky barrier of just 0.12
eV. However, this Schottky barrier is theoretical and it could be signif-
icantly different when a real device is fabricated.

Fig. 5 depicts the current-voltage characteristics of In-MoSx-In
(metal-semiconductor-metal) device under dark conditions (black line)
and white light illumination (red line). The device shows a rectifying
behaviour when the voltage is swept forward from —40 V to 40 V (the
graph is limited to 30 V), the large area of the semiconductor channel
(MoS5) enables the device to work on relatively high voltages without
voltage breakdown in reverse bias. This indicates that the MoS; film
synthesized by our method is semiconducting whereas the Schottky
barrier is higher than what was predicted in the equation above as the
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Fig. 6. Log-Linear graph of I-V characteristics of MoS; MSM photodetector
where the black line represents the dark current (without illumination), the red
line represents the current under white light illumination and the blue line is
the photocurrent induced by light.

rectifying behaviour is unidirectional.

One of the main diode parameters is the rectifying ratio, which is
defined as the ratio of the forward current to the reverse saturation
current when the same magnitude of voltage is applied for both di-
rections (forward and reverse bias) in dark condition [29]. The recti-
fying ratio has been calculated to be 4.09 x 10 at —40 and 40 V for the
(In-MoS>-In) device. Moreover, the turn-on voltage for the diode has
been extrapolated from the tangent of the exponential part for the dark
current (black line in Fig. 5) when intersects the x-axis and it is found to
be 24 V.

Generally, the current through the Schottky diode (for bulk semi-
conductors like silicon or gallium arsenide) in both forward and reverse
bias can be expressed by thermionic emission mechanism where the
carriers (electrons or holes) overcome the Schottky barrier when they
have sufficient thermal energy. This mechanism can be expressed using
the expression [30]:-

o)

where I is the current flowing through the diode, e is the electron charge
1.6 x 1071° Coulombs, K is Boltzmann constant 1.38 x 102 m? kg s 2
KL, Tis the temperature in Kelvin (298 K for room temperature) and Io
is the reverse saturation current which can be expressed as below [30]:-

equation 2

equation 3

D,
1,=AA Tzexp( _¢ SB)

KT

where A is the area of the diode in cm?, A* is Richardson constant for the
semiconductor material, T is the temperature in Kelvin, e is the electron
charge, K is Boltzmann constant and ®gp is the Schottky barrier in eV.

However, the thermionic emission model is only valid when the
reverse saturation current is totally levelled off in reverse bias (i.e. in-
dependent of the reverse voltage bias) and the ideality factor (which is a
number that measures how close the actual device behaves to an ideal
diode) is equal to 1 [30,31].

The semi-log graph for I-V characteristics in Fig. 6 shows that the
reverse saturation current of our device is reverse bias dependent. In
other words, the reverse saturation current increases as applied reverse
voltage increases. Furthermore, the device configuration consisted of
two back-to-back Schottky diodes meaning that the ideality factor is
much higher than one.

This means thermionic emission is not the main mechanism that can
be attributed to the rectifying behaviour of our device. Tunnelling,
diffusion or both are the dominant carrier transport mechanisms in the
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Ln function.

metal-semiconductor interface [31,32]. In this case, the thermionic-field
emission model could be more appropriate to analyse the rectifying
behaviour of our device. The equation below describes the
thermionic-field emission model [30]:-

1_
oV (n 1)eV
I1=1,< exp KT —exp | ——F———

equation 4
KT 4

where all the parameters are mentioned previously and n is the ideality
factor, knowing that when n is equal to 1, Equation (4) is simplified to be
Equation (2) again. Now, in order to extract the parameters such as the
reverse saturation current and the ideality factor, Equation (4) could be
rearranged to be [33]:-

equation 5

Iexp (,%) oV
————=1,exp <—>
1

oV nKT
exp| & | —

If the natural logarithm is taken for the both sides, Equation (5) will

be:
I exp (%) oV

— 7 |=Inl, +—
o not kT
exp| &5 ) — 1

where the left-hand side of Equation (6) can be plotted as a function of
the forward voltage (see Fig. 7) which I, V, e, K and T are known. To find
reverse saturation current Io, the linear extrapolation has been imple-
mented for the actual data from 0.5 to 1 volt in forward bias where the y-
intersect represents In Jo. It is worth noting that data at 0.25 V has been
excluded from the extrapolation as it is the nonlinear part of the Ln
function. The reason behind taking a small forward voltage range is to
avoid the series resistance effect of the diode [34]. The reverse satura-
tion current is 3.11 x 10710 A,

Moreover, to extract the ideality factor as function of the forward
voltage. Equation (6) should be derived and rearranged to be [33]:-

In equation 6

dv .
n(V) :iT - equation 7
1 exp (eV/KT)
dIn pr (peV/KT)—]:|
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Fig. 8. Semi-log plot of ideality factor as function of the forward voltage. As it
is clear the ideality factor was close to 2 only at very small voltage and
increased significantly as the voltage increased due to the series resistance of
the device.

The plot of the ideality factor as a function of the voltage is shown in
Fig. 8. The ideality factor at 0.25 V is 2, which is close to organic and
GaAs devices [31]. However, the ideality factor increases rapidly with
voltage due to the effect of the series resistance of the device, large
active area as well as the double Schottky contacts configuration [35].

Another important parameter for the diode is the Schottky barrier,
which can be calculated from equation (3) as the saturation current has
been obtained previously. Knowing that the Richardson constant for
MoSy is 0.70 x 107® A em™2 K2 [36], the Schottky barrier for
indium-MoS;-indium interfaces is 0.43 eV. This value is almost identical
with computational prediction of the Schottky barrier height of an
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4=
—

0 voltage
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indium-MoS, interface [37].

To study the photoresponse of indium-MoSz-indium MSM photo-
diode, the device was illuminated by an incandescent white light source
with intensity 1 mW/cm? while the source drain voltage was being
swept from —40 V to 30 V. As shown in Fig. 5, the reverse saturation
current under illumination (red line) has been improved dramatically as
compared to the dark current one, which indicates a photocurrent was
generated due to the photoconductive nature of the MoS; film (blue
line). The photocurrent has been calculated and plotted by subtraction
of the dark current from the current under illumination (I photocurrent = I
under illumination — I dark) [38], as shown in Figs. 5 and 6 respectively. The
contrast ratio, which is photo-to-dark current ratio (I photocurrent/I dark)
[39,40] has been calculated to be 96.1 at —40 V. An important opto-
electronic figure of merit is the responsivity where it is defined as the
ratio of the photocurrent to the optical power of this incident light as
expressed below [38]:-

Photocurrent (I,;,)

= equation 8
Input optical Power(P;,) 4

where the input optical power calculated by multiplying the illumi-
nating intensity (1 mW/cm™2) with the channel area (0.09 cm™~2) while
the photocurrent is 2.018 x 107% A at —40 V. The responsivity of the
device is 0.022 AW at —40 V, which is comparable to what was re-
ported earlier for few-layer MoSy-MSM device [41].

3.3. Dark and photocurrent generation mechanism in MoSz -MSM
photodetector

The rectifying and photodetection parameters were extracted from
the data. These parameters aid the understanding of the rise of the dark
current and photocurrent in our MSM multi-layered MoS, device.
However, in order to have clear idea about the mechanism of current
generation, the energy band diagrams were used to visualize the whole

\ Light

Reverse
(Ohmic)

Forward
(Rectifying)

<4
—

Fig. 9. Schematics illustrates the conduction mechanism of MoS, MSM photodiode under dark and white light illumination.
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Fig. 10. Schematic diagram of spectral response measurement experimental set up used for MoS; MSM device.

process as shown in Fig. 9. According to this model, the current gener-
ation process is divided into three parts based on the biasing regimes:
zero voltage (equilibrium), low voltage and high voltage.

In principle, metal-semiconductor-metal photodiode are two
Schottky diodes, which are connected back to back via the semi-
conductor channel [42]. At equilibrium, when there is no external
voltage applied at dark conditions, no current will pass through or be
generated by the MoS,-MSM device in any direction as the net built-in
electric field for both Schottky junctions is equal to zero [43]. Under
illumination, the light excites (generates) electrons-hole pairs while the
Schottky barriers are still high and there is no biasing voltage to over-
come the barrier potentials. Consequently, the majority carriers (elec-
trons for solution based MoS, as suggested by the literature [20]) in the
conduction band are trapped between the two Schottky barriers as they
tend to repel from the metal-semiconductor potential barriers due to the
built-in electric field [43-45]. On the contrary, the minority carriers
(holes) generated by traps and defects are attracted to the
metal-semiconductor interfaces driven by the same built-in electric
fields [43-45]. Although, carrier concentration increases dramatically
due to photoexcitation, the net photocurrent at zero voltage is also zero
as the carriers are trapped between the two electrodes and there is no
possible path to extract them [45]. It is worth mentioning that a
photocurrent can be generated if the contacts of the photodiode are
asymmetrical, for example when one of the contact is Schottky and the
other one is Ohmic [46], or even if the area of the two Schottky contacts
is not identical [45]. Under these conditions, the MSM photodetector
could work in the photovoltaic regime and photocurrent can flow
without the need for external bias.

At low biasing voltage, the Schottky barriers will be lowered. How-
ever, at low voltages the current flow through the two junctions is
mainly attributed to thermionic emission in both dark and illuminated
conditions. Therefore, the electron injection from one Schottky junction
can pass smoothly through one junction but it will be repressed due to
reverse bias in the second Schottky junction, (which increases the height
of the barrier). As a result, the output current for both contacts will be
limited by the saturation current of the back-to-back diode connections
[47], which is voltage and light power independent in this case. In our
device the low voltage range is from -8 V to 4 V, as shown previously in
Fig. 6, where there is no significant difference between the current in
dark and illuminated conditions as well as very low conductivity for
both scenarios as the main conduction mechanism is attributed to
reverse thermionic current.

At higher voltages, the tunnelling starts to dominate the current flow
and the high external applied voltage reduces the Schottky barriers for
both junctions. However, the minority carriers (holes) generated by
traps or defects in the valence band that are trapped at the interface of
the metal-semiconductor start to accumulate and begin crowding in the
negative potential junction (reverse bias) rather than the positive one
(forward bias). This flattens the Schottky barrier in reverse bias to
become more Ohmic-like, leading to semi linear (Ohmic) behaviour on
the negative side.

Under reverse bias, the dark current becomes voltage dependent and
increases with the bias voltage (see Fig. 6). When the device is

—+— Spectral response of MoS, MSM PD
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Fig. 11. Spectral response of MoS; MSM photodiode from near IR to near
UV spectrum.

illuminated, the majority carrier density increases significantly due to
photoexcitation while the minority carriers (holes) from traps or defects
tend to modify the Schottky barrier to become more Ohmic. Finally, the
photocurrent will increase and the device will behave as a
photoconductor.

However, at high forward bias, lowering of Schottky barrier is only
due to the external voltage, while there is no contribution from the
minority carriers (holes) from traps or defects to modify the barrier,
which leads to a small Schottky barrier formation under high forward
bias. The current passing through the Schottky junction under high
forward bias has an exponential dependence on the voltage as illustrated
in Fig. 6. When the device is illuminated, electron injection is improved,
leading to a reduction of the “turn on” voltage and the dynamic resis-
tance of the device as shown in Fig. 6.

To sum up, the In-MoSy-In device behaves as two back-to-back
Schottky junctions at equilibrium (0 volt) and low bias with no output
current at zero volts and only reverse saturation current being observed
for low voltage. Once high voltage is applied, the device behaves as a
single In-MoS; Schottky junction with bias-dependent saturation cur-
rent, thus, we analyse it as a single device with thermionic-field emission
model (see equation (4)). Under illumination, asymmetrical I-V char-
acteristics are more obvious (see Figs. 6 and 7).

3.4. Spectral response of MoSz MSM device

Spectral response measurement (photocurrent or responsivity as a
function of the wavelength) is a technique used to study the sensitivity of
the detector for each specific photon energy (wavelength) to estimate
the operational bandwidth of the device. Fig. 10 shows a diagram for the
experimental set up of spectral response measurement (photocurrent
spectroscopy).

The spectral response of the photocurrent, which was measured
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Fig. 12. Plot of (Iphiw) 2 vs photon energy (eV), the dotted black line repre-
sents the actual data while the solid red line is the tangent of the curve where its
intersection with photon energy axis is the bandgap of the MoS, device [48].

within the range of 300 nm-1200 nm (1-4.1 eV) is depicted in Fig. 11.
The device shows higher responsivity in visible and near infrared region
as compared to the near UV. There are two noticeable peaks in the
spectrum where the current induced by photons increases rapidly which
are located at 1.77 eV and 1.98 eV. According to the literature, the
enhanced photocurrent at these photon energies can be associated with
the A and B exciton absorption peaks respectively [4,5]. Another
advantage of spectral measurement is that the electronic band gap of
transition metal dichalcogenides could be estimated using spectral
response of the photocurrent using Tauc extrapolation technique [48,
49]. Assuming the optical and electronic band gaps are identical in
inorganic TMD materials means that the photocurrent is proportional to
the absorption coefficient near the absorption edge of the bandgap [48,
49]. To further confirm the band structure of MoS, film, a Tauc curve
has been plotted with respect to photon energy and (Ipnhv) 2 based on the
relationship below [48]:-

(Ip,,hu)zm (hu - E;’P’) equation 9
where the absorption coefficient is substituted by the photocurrent as
they both have a proportional relation [48,49]. Fig. 12 represents the
relation above and the linear extrapolation and intercept of this curve
with the photon energy axis gives an estimated (indirect) band gap of
1.382 eV. As was mentioned earlier the band gap is thickness dependent
in MoS,. This value of the bandgap is with good agreement for few-layer
MOSZ [5]

4. Conclusions

A facile method for the fabrication of a few-layer MoS; MSM device,
based on solution-based single source precursor has been demonstrated.
Electrical characterisation of the In-MoS,;-In MSM shows the formation
of a low Schottky barrier height (0.43 eV) due to the low work function
of Indium which boosts the electrical performance of the device.
Benefiting from low Schottky barrier, the photoelectrical responsivity
under white light illumination of the MoS,-MSM was measured to be
relatively high (22 mA/W). Our results highlight the advantages of using
Indium as a metal contact for MoS; films for future electronic and op-
toelectronic MoS,-based devices.
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