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Introduction to research of atomically thin MoS, and
its electrical properties

Takhee Lee, Tae-Young Kim, Kyungjune Cho, Jinsu Pak

Molybdenum disulfide (MoS,), which has 0.65 nm-thick atomic
layer, can be easily separated layer by layer due to weak van der
Waals interactions in out-of-plane direction. MoS, has a good
potential in nanoelectronics, because it has high electrical mobility
and On/Off ratio. Its band gap energy changes from indirect
to direct band gap energy as it goes from bulk to monolayer.
Therefore, atomically thin MoS; is widely studied in academic and
engineering fields. Here, we introduce the research of atomically
thin MoS; and discuss the research directions.
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[Fig. 2] (a) PL spectra for mono- and bilayer MoS; samples. (b)
Normalized PL spectra by the intensity of peak A of thin
layers of MoS; for N = 1-6. (c) Band-gap energy of thin
layers of MoS,, inferred from the energy of the PL. From
Ref. [2].
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[Fig.4] /os-Vescurves measured before the gate bias stress and 100

consecutive curves right after (a) +35 V gate bias stress,
and (b) -35 V gate bias stress. /ps-Ves curves measured in
ambient conditions after (C) +35 V and (d) -35 V gate bias
stress was applied for different stress duration times. From
Ref. [5].
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[Fig.5] Schematics of the energy band diagram at Ves = 0 V in
the ambient environment when (a) no gate bias stress, (b)
positive gate bias stress, and (c) negative gate bias stress is
applied. From Ref. [5].

MoS22| &t (photoresponse)
Alo|E Hgte) o3tk A714 /2 F4F(photocurrent)
ol G wRlch (19 7). MoSgell Akl (UV)} 22
e Hoj3w, MR35 Aol o8l St Akl
ofsl FHAFTIF AAA HA AF7F ST dE A
H AAE A E(exciton)?] LFHrelaxation)=HA]
718t BAF7E B (decay)Hek. AbAwFo] w5 W=
Holl F2AF=] = Akao] O3t EFY Afo|EE mj7f = S}od
ofUb= Aafi7F WobA Al ZHa7E we He v, 2ol
A =oA AE AL O A== A E3E 9 Al
E AYE dol&E = MoSestHol Sz Ao} =5
of oaf EfE A7t WE(detrap) =HA AF7T 571
a1, oFo] AlolE He AolE " RiE At E
A HA A77E dashal fas= Q=7 ERicr (8],
pn HolA Y] FgE T2 FAlolth nd HHe
AQl MoSg3tHef| p& FH=EAQl CuPcg SFAI7|H &
Hhg-o] FefA| A Het, CuPcd] FAE HH7FH CuPe/
MoSe20]l 520 nm 7g2] #lo]A] W KA Fit

e FL:I ol

\\m\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\

=




\

\

[£]

\

\

- - N \ h \ \
\ \ \ \ \
\ \ \ \ \ \ \ \ \
\ \ \ \ \ \ \
\ \ \ \ \ \ \ \
\ \ \ \ \ \ \ \
\ \ \ \ \

\

\ \ \ \
\ \ \ \
\ \ \ \
\ \ \ \
\ \ \ \
\ \ \ \

\

\ \
\ \ \
\ \ \
\ \ \
\ \ \
\ \ \

THA]

\

\
\
\
\ \
\ \
\ \

Tz 0

\
\
\

2(photoresponse) A=
£ 23S t= CuPcrt fls LAY Pg=r) 5
713i=dl, CuPe FAE
Aoyt N7t S7eheE o=
CuPc/MoSy 204 Ax}-AF 4ol BAE
9] lowest unoccupied molecular orbital (LUMO) &%
o = AAZE MoSe= dol A HF7E S7Fsk7] wf
Zolt}, ¥hHof Cubcl] FA7F FAKA ™ CuPeoll =
A5 W7t oAl Hrt, o] Eopkl H¥o] W

vacancy)©l| 2l8l Ax7} E Ast=A] 2FEsiris
O] O]E} [10] OIE 32]'OIOHE_J__X]— /,I\]-o _9_7 ( SH )E
= Aol (alkenthiol)® MoSe 3

(B
After imadiabon i = 1012 cm)

TS 1)

Before iradiation

PR EE

¥ WY # v -ny

ov.s WY R B "

o= o ol V= v ¥
¥ =400 4 e 1 o
¥ = 9/: -V =NV x

— WV

Y /.“

R VR T T TRO RN
Ve )

Afterirraciation (@ = 104 o)
i R 1 | o-Before mdiation

e T ~+-hfier imadiation
e 6| BN @Y, -05Y

= oY b
- 1
Tulg,
2 |5

=V - uY
U TR I T T

-V =Y

V=AY
Ve 1 v M

[Fig. 6] Representative electrical characteristics of MoS, FET

devices. (a) Before and (b) after proton irradiation with a
beam fluence of 10" cm™. (c) Before and (d) after proton
irradiation with a fluence of 10" cm™. (a, ¢) Output
characteristics measured for different gate voltages. (b,
d) Transfer characteristics measured at a fixed Vos = 0.5 V.
From Ref. [7].
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[Fig. 7] Photocurrent (/os) versus time characteristics measured
at Vos = 0.1 V with and without UV illumination when (a)
a negative gate-bias stress (Ves = -20 V) was applied, (b)
no gate-bias stress was applied, and (c) a positive-gate-
bias stress (Vos = 20 V) was applied. Plots in the left panel
were measured in vacuum and plots in the right panel were
measured in an oxygen environment. From Ref. [8].
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[Fig. 8] (a) Schematic of CuPc/MoS; device illuminated by a laser.
(b) /os-Vs curves on the semilogarithmic scale of the MoS;
deivces without and with CuPc layers of various thicknesses
measured at a fixed Vos = 0.1 V. (¢, d) Energy band
diagrams of (c) a relatively thinner CuPc/MoS; device and
(d) a relatively thicker CuPc/MoS; device.
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[Fig. 9] (a) /os-Ves curves measured before and after the
hexadecanethiol treatment with logarithmic scale. (b) /os-
Vos curves measured before and after the hexadecanethiol
treatment. (c) Schematic images of a MoS, FET before (left)
and after (right) the alkanethiol molecule treatment. From
Ref. [11].
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[Fig. 10]

(a) Optical image of a uniform single-layer MoS, film
on a Si0y/Si substrate. (b) Raman spectroscopy data for
single- (red curve) and multilayer (black curve) MoS;
films. (c) Scanning photoelectron microscopy (SPEM)
images acquired over a single domain, CVD-synthesized
MoS,film ranging from 237.8 to 225.8 eV. From Ref.
[13].

AN 7|1 = HFAlo] 11&
a4 de] o] &=L ik [12].

CVDe} HF3]8&(dual-heating zone) A|AEHS o]
LA A AP0 = 7T ZHFR WEAE MoS:
S AN 5= =T, A E(seed)E THOE A2 &
Fo g Aet= MoSe= AAF she] o= it
olg7| gt MoSex= 2 HRaman) AHEHS ZHPS
T 380 cm ™ 2ol By W (in—plane) X ﬁi—é—,
400 cm™t FLollA Ay 42 (out—of—plane) %
= EOE]—ZH‘% MoSe7}F Aol wheba] GebA|= et —ﬁ—*]
EYLS 7L A 7oKt o, o] $HJE MoSy7F THEA}
TUS Kol FACIt & T S| AE MoS:9
slelA 2485 Flsta A} XPS(X—ray photoemission
spectroscopy) FH|E o83ttt £3] SPEM(scanning
photoelectron microscopy)< ©]-8314 A%E MoSe2]
XPS "33 (mapping) ©|W|AE A=t 4% MoSy

=2 T A
UEel udon ng sk 2y
3}o

4, dHA MoS:E ¥7]ol 8ol

010 ©
Y ==1

ot Aoty mhanig olgalA Asts $1xe
9202 MoSy2 A4 4 gt olefat Ag
AA1E 7 el A% shs

€|
u]—/‘\j

\\m\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\



\

(@) (b)

Normalized PL (a.u.)

\

Photon eneray (eV)

[Fig. 11] Schematic illustration and optical images of the S0 o E T 35
fabrication of MoS; FETs made with single-layer MoS,
films that were directly patterned during the CVD process [Fig. 12] (a) Schematic illustrations of the fabrication of CVD-grown
g using a ceramic mask. From Ref. [13]. monolayer MoS; FETs with inkjet-printed Ag electrodes. (b)

PL spectra of three different points of CVD-grown films.
The inset image shows a linear scale PL image of triangular
3ic} [13]. islands. (c) Transfer characteristics (/os-Vss) measured at

8] .
AEO mATL LEOAIES o]ad) M different Vos. From Ref. [14].
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At [Fig. 13] (A) PL spectrum for both the as-exfoliated and TFSI-
= MoSp9] A% st ARRA L] S87=AE & —‘l_g treated MoS; monolayers measured at an incident power
f1x 102 W cm™. The inset shows normalized spectra.
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MoS»2] FA 458 (quantum yield)©] 712} 100 % Oﬂ after treatment (C). From Ref. [15].
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