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D.2.4 Atomistic carrier transport modeling for steep devices  

Tight Binding Modeling of Monolayer MoS2 and 

Bilayer Graphene Devices 
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Crystal structure: bilayer graphene & monolayer MoS2
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Crystal structure of bilayer graphene and monolayer MoS2

Hexagonal crystals.

Bilayer graphene: two graphene layers; 

Monolayer MoS2: two S layers and one Mo layer.

Monolayer 

MoS2

Bilayer

graphene

Band gap of bilayer Graphene
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External Electric Field

Controllable band gap

• Control band gap by applying electric field

• Maximum band gap depends on the van der Waals bonds strength

• Maximum band gap = t (Hopping Integral)

Band structure of bilayer graphene with electric field
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E=E0 E=2E0

E=4E0 E=6E0

E=E0: 

V = +0.05V @top. layer

V = -0.05V @bot. layer

Transport in bilayer graphene ribbon
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 No gate electric field : 

Transmission is always Non-

zero

With gate electric field: 

Band gap is opened(100 meV)

zero Transmission within the 

band gap.

Current: Tunneling property of MoS2 channel
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 The I2/I1 of MoS2 ribbon/UTB suggest 

MoS2 device can in principle reach 

smaller channel length than GNR.

GGA parameters shows larger ratio 

for 2D MoS2 cases

No Barrier 

EFS
EFD

Definition of I1 and I2

Barrier (0.2eV)

wB

EFS
EFDI1

I2

Tunneling current 

dominated 

TB(GW) TB(GGA)

MoS2

mC (Kl) (m0) 0.425 0.470

mC (Kt) (m0) 0.431 0.464

GNR mC 0.205

Thermionic 

current dominated 

T = 300K

Conclusion
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Bilayer Graphene and Monolayer MoS2 are studied using Tight 

Binding model.

Bilayer Graphene:

 Effect of Band gap opening under electric field and anisotropic 

density is studied using TB model.

 Complex bands and I-V character of Bilayer graphene devices 

are studied using TB based NEGF method.

Monolayer MoS2:

 TB parameters are obtained by fitting to  GW and GGA bands;

Complex bands and transmission is of MoS2 and MoS2 ribbon 

are studied using TB based NEGF;

Current calculations shows MoS2 is good channel material.

Bilayer graphene: density oscillation
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Bilayer graphene:

 Microscopic anisotropy of electron density

 Due to van der Waals interlayer 

interactions

 Experimentally observed Phys. Rev. B 35, 7790

Monolayer graphene:

 No density anisotropy.

Band structure of mono layer MoS2: TB vs ab-initio
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 TB model: spd with 2nd NNs couplings 

(Mo-S,Mo-Mo,S-S coupling included)

GGA and GW show different band gap.

GW TB(GW) GGA TB(GGA)

Eg(K) (eV) 2.732 2.732 1.782 1.762

Ec(K1)-Ec(K) (eV) 0.158 0.178 0.061 0.060

mC (Kl) (m0) 0.449 0.425 0.434 0.470

mC (Kt) (m0) 0.468 0.431 0.465 0.464

mV(Kl) (m0) 0.441 0.444 0.354 0.349

mV(Kt) (m0) 0.506 0.510 0.425 0.384

VB CB

K1

K1

TB vs GW 

TB vs GGA 

Complex bands and transmission of 2D MoS2
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Transport property along 

x and y are similar 

 different real E-k (due 

to BZ folding)

 similar integrated 

transmission.

 similar imaginary E-k

Integrated 

transmission

y
a0

1.732a0

Transport along y 

direction with kx= 0

Transport along x direction

With ky = π/(6a0)

(the lowest CB valley located)

Im(k) Re(k)

With GW parameters

With GGA parameters

Im(k) Re(k)

Im(k) Re(k)
Im(k) Re(k)

x

Unit cellTransport  along y Transport  along x

Transport  along y Transport  along x

Complex bands and transmission of MoS2 nanoribbon
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1.1nm Armchair nanoribbon2.1nm Zigzag nanoribbon

Im(k) Re(k) Im(k) Re(k)

Im(k) Re(k) Im(k) Re(k)

Edge states

With GW parameters

With GGA parameters

MoS2 ribbons have 

complicated real and 

imaginary bands. 

Edge states will appear 

and have impacts to real 

and imaginary bands

GGA parameters shows 

stronger edge states

 DFT calculations shows 

more complicated edge 

states.

Motivation
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Why 2D materials?

 Overcome short channel effects

 Good electrostatic control of the channel

 Suppress body leakage current.

 High On-off ratio

 Steep Sub-threshhold slope
Nano Lett. 2013, 13, 100−105

 Tunable band-gap by applying electric 

field

 High On-off ratio
Experiment  data is produced by Prof. Zhihong

Chen’s group.

Prototype bilayer graphene FET

Prototype MoS2 FET

Transport in bilayer graphene ribbon
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