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Fig. 1. (a) Three-dimensional schematic representa-
tion of a typical M X2 structure [26] with the chalco-
genide atoms (X) in yellow and the metal atoms (M)
in grey. (b) Band structures of monolayer MoS> cal-
culated at the DFT/PBE level [271, The horizontal
dashed lines indicate the Fermi level. The arrows in-
dicate the fundamental band gap (direct or indirect)
for a given system. The top of valence band (blue/dark
gray) and bottom of conduction band (green/light
gray) are highlighted. (c¢) Band structure of MoSs2
showing six valleys and opposite spin-orbit splitting
of the valence band at the K and K’(—K) points [28].
The red and blue surfaces represent spin-orbit-split va-
lence band maxima, each of which is associated with a
particular electron spin. The green surfaces represent

the conduction band minima or the valleys.

£1 TMDC MR R IR 18]
Table 1. Summary of TMDC material types and their properties [18].
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Fig. 2. (a) Schematic of 1D gated, 2D semiconductor field-effect transistor (1D2D-FET) with a MoSy channel and
single-walled carbon nanotube (SWCNT) gate. (b) In-Vgg characteristics of a bilayer MoSa channel SWCNT gated
FET at Vgs = 5 V and Vpg = 50 mV and 1 V. The positive Vg voltage electrostatically dopes the extension

regions nt. And Ip-Vpg characteristic for the device at Vgg = 5 V and varying Vag (317, (¢) Transmission electron

microscopy picture shows uniform 4 nm MoS2 over the S/D side walls and the 10 nm S/D gap. (d) Transfer curve
of a 10 nm channel MoSy p-MOSFET with Iop /Iog > 105 3],
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Fig. 3. Plot of mobility vs bandgap for various semi-
conductors. The color scale represents the spectrum

from ultraviolet to infrared [32].
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Fig. 4. Electron transport mechanism in MoSs channel devices [°6]: (a) Electron-phonon scattering; (b) remote

phonon scattering; (¢) coulomb impurity scattering; (d) defection scattering; (e) electron trap.
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Fig. 8. Electrical contact types of two-dimensional semiconductor TMDC transistor: (a) Metal-semiconductor

contact; (b) graphene contact; (c) phase transition contact; (d) tunneling contact.
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1 1 L L 1 1 1
=-0.3 0.2 =01 0 0.1 0.2 0.3
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212 (c) 5 p BUMRHE ] % 3T MoSa i CMOS [ #g (14 (d) =48 )7 B4R CMOS 384 8 [143]

Fig. 10. Logic devices based on two-dimensional MoSy: (a) First logic inverter based on MoSy [41]; (b) a five-
stage ring oscillator based on MoSs2 inverter [42]; (c) CMOS inverter based on MoS2 which is combined with p-type
materials [141); (d) three-dimensional monolithic CMOS logic devices based on MoSg 1431,
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5 FL PR TR AR B N R T RTS8 R AS B A, i
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I FH A N HL R N e DEC X — AR i, 1% T AR
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R, X ARIEA A 1k B A R BRI B 2k )
%, B 11 () Rz A RE, B 11 (b) 44t T
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O I V. [N o O o B
: S O i |
o] el LT T T JE T
o I P S ) (D S S S G S S (N

R I B o e I B I U A ) A e

s L oy i i f | |
Z_,—\_ Dataz | i | [ | 3 i
4l | T - O i N Ns o
L HE T L]
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Fig. 11. Microprocessor based on two-dimensional MoS

timing diagram of MoS2 microprocessor.

4.1.2 CMOS iZ 4 ¥ 34
FEL DCFL 324 %, CMOS 1% 45 HL 2% (1 87 FH

TNz, 12 B CMOS 25 46 2 A K 1 e 7 25

R DL S /NH A THRE SR . (H T MoSa, WS,
S50k} () p-MOSFET [ 4% i 72 1 A i 24, BHAS

Time Tcrk

AL BE SR BT )R BT (b) MoSo At BRI /7

2 43l: (a) Layout of MoSy microprocessor; (b) operation

THIG B R R )R . BRI St A
BT 1 R At A4 R4 2 p-MOSFET, F 5 %
T MoS, [ n-MOSFET &5 4 S2 8 CMOS 12 45 HL 1.
2013 4, I K 2T AL 4345 B e e 2 1139 3 3o 7
FLHER MoSy/f1 sl il % I FL &5 (W FET, #F—
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ERUE. EI10(d) R TR =458 R T
% 1 CMOS SOMH #3248 B B 45 ). 1X—J7 ik
BE— AT IF 7 ) 4k MoS, 38 7] = 25 B L B AK H
J& BLBARTIFE R FH 8K T].

4.2 TRiEEBRK
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Fig. 12. Memory devices microprocessor based on two-dimensional MoSy 1481 (a) SRAM device based on MoSz;

(b) DRAM device based on MoSz 1495 (¢) charge trap nonvolatile memory device based on MoSg [150],
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Fig. 13. Heterogeneous integration device of MoS2 and Si: (a) Hybrid; (b) MoS2 FET with the dynamic
configuration of BGO (1517, (c) V shape MoS2FET device with p-type property (361,
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Abstract

The semiconductor industry has experienced exponential growth for more than 50 years, following the Moore’s Law.
However, traditional microelectronic devices are currently facing challenges such as high energy consumption and the
short-channel effect. As an alternative, two-dimensional layered materials show the ability to restrain the carriers in a
1 nm physical limit, and demonstrate high electron mobility, mutable bandgap, and topological singularity, which will
hopefully give birth to revolutionary changes in electronics. The transition metal dichalcogenide (TMDC) is regarded as
a prospective candidate, since it has a large bandgap (typically about 1-2 eV for a monolayer) and excellent manufacture
compatibility. Here in this paper, we review the most recent progress of two-dimensional TMDC and achievements in
logic integration, especially focusing on the following key aspects: charge transport, carrier mobility, contact resistance

and integration. We also point out the emerging directions for further research and development.
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