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ABSTRACT 
This work reports a physical-based mobility model 

including remote phonon and coulomb scatterings for 
device simulation of monolayer (ML) molybdenum 
disulfide (MoS2) devices. The results adding with 
electronic structure of ML MoS2 using density 
functional theory (DFT) simulation as well as 
calibrating the contact resistance can properly fit edge 
contact gate-all-around (GAA) nanosheet (NS) and 
top contact back gate (BG) FETs well.  

INTRODUCTION 
Recent studies have showed when MoS2 is 

deposited on high- thin layer oxide, such as HfO2 and 
Al2O3, it exhibits a higher mobility [1-2]. MoS2 
devices may have superior characteristics and have 
been studied as a potential candidate for advanced 
CMOS technologies [3-4]. Computationally, MoS2 
devices are simulated by DFT with nonequilibrium 
Green’s function (NEGF) [5] which provides the most 
accurate results; however, huge computational 
resources limit studies of complicated cases. Thus, 
integrating DFT calculation into device simulation, 
after validation with results of DFT and NEGF, 
enables us to explore devices effectively [6].  

This study implements a physical-based model by 
carefully calibrating with Boltzmann transport 
equation (BTE) for ML MoS2 device simulation. By 
adding tunneling gap and contact resistance, we do 
further calibrate the results with fabricated devices.  

THE DEVICE SIMULATION 
The results of DFT simulated ML MoS2 are listed 

in Table 1. We model the mobility based on remote 
coulomb scattering (RCS) and remote phonon 
scattering (RPS) and enhance the accuracy of device 
simulation by calibrating the results with BTE based 
on coulomb and phonon scatterings [7, 8] (Fig. 1). It 
is then applied to device simulation of edge contact 
GAA NS and top contact BG FETs [3, 7] (Fig. 2). For 
metal contacts, different simulations are considered 
for edge and top contact, respectively, devices. In the 
edge contact, contact resistance is included at the 
source and drain (S/D), while in the top contact, 
Wentzel-Kramers-Brillouin (WKB) tunneling with a 
Schottky contact is used at the interface between the 
S/D and the varying tunneling gap. The Schottky 
barrier height between S/D and MoS2 channel is -0.05 
eV. The thickness of tunneling gap (Fig. 3), based on 
the relaxation of DFT simulation, considers Antimony 
(Sb) and Bismuth (Bi) contacts.  

RESULTS AND DISCUSSION 
According to the BTE transport, coulomb 

impurities scattering could be the most significant 
effect in MoS2 mobility. If positive charge appears in 
the channel of MoS2, due to the 2-D properties of 
MoS2, showing screening potential at both sides of the 
oxide. This causing the coulomb impurity scattering 
appears. For the coulomb impurity scattering using 
remote coulomb scattering, we have 
 𝜇௥௖௦ = 𝜇௥௖௦଴ ቀ ௖௖బቁఊೝ೎ೞ

   (1) 
where 𝜇௥௖௦ and 𝜇௥௖௦଴ are the factors for calibration, 𝑐 
is the electron density, and 𝑐଴ = 1.4×1019 cm-3. For the 
phonon scattering, based on conventional phonon 
scattering 𝜇௣௛ with remote phonon scattering, it is 𝜇௥௣௦ = ఓೝ೛ೞబ൬ ಷ఼భబల ౒/ౙౣ൰ംೝ೛ೞ    (2) 𝜇௣௛_௧௛௘௢௥௬ = 𝜇௣௛ିଵ + 𝜇௥௣௦ିଵ   (3) 
where 𝐹  is the transverse field, 𝜇௥௣௦଴  and 𝛾௥௣௦  are 
the calibration factor. Matthiessen rule in Eq. (3) 
adding coulomb and phonon mobility in Fig. 1(b) 
shows the result that could calibrate with BTE under 
the values of calibration factors in Table 2.  

The mobility and electronic structure from DFT are 
used for device simulation of edge contact 40 nm gate 
length GAA NS FET (listed in Table 3). By adding the 
contact resistance from S/D showing with the 
calibration on phonon mobility factor matches the ID-
VG curve (Fig. 4). We then explore the fabricated top 
contact devices. Due to the ultrathin body of MoS2, 
making the top contact of S/D forming an inevitable 
tunneling gap. Using the First-principle method for 
relaxation between the metal and MoS2, Fig. 5 shows 
the results of top contacts of Sb and Bi. The tunneling 
gap of two semimetal contact are equal to 3Å and 5Å. 
By using the calibration of phonon scattering, the 
calibration of ID-VG curve of contact with Sb and Bi 
are fitting well. The detail results for the calibration of 
BG FET are listed in Table 4.  

CONCLUSION 
We have reported a physical-based mobility model 

based on remote coulomb and phonon scatterings for 
ML MoS2 device simulation. Considering the effects 
of contact resistance, we have fitted the fabrication 
results of edge contact GAA NS FET and top contact 
BGFET by calibrating the phonon scattering factors. 
Mentioned of the top contact of BGFET, we adding 
tunneling gap can lead to further simulating the 
transfer length and contact length. 



 


