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A Monte Carlo (MC) device simulator is an 

efficient tool to analyze the performance and 

reliability of transistors. However, to adequately 

model multi-gate transistors, such as n-FinFETs, in 

which electrons are confined along the fin height 

and width, a quantum correction (QC) must be 

included into the MC device simulator.  

Previous works have successfully incorporated 

the Effective Potential model [1] as a QC into MC 

device simulators of planar devices [2]. In this 

work, we employ the Effective Potential model as a 

quantum correction to MC device simulator to 

consider the quantum confinement of electrons in 

n-FinFETs. 

The Effective Potential approach [1] was 

developed to model space-quantization effects. The 

expression for the Effective Potential is derived by 

employing the density-matrix formalism, that 

allows one to estimate the potential of a system of 

electrons, assuming that the electrons are Gaussian 

wave packets. The Effective Potential is given by  
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where σ is the smoothing parameter of the Effective 

Potential and 𝑉(𝐫)  is the Hartree potential. To 

obtain the smoothing parameter, we employed the 

fitting method explained in Ref. [3]. From the 

definition of the Effective Potential, the carriers can 

be treated as zero-size particles that are exposed to 

this Effective Potential.  

This QC was incorporated into the MC device 

simulator for n-FinFETs presented in Ref. [4]. In 

the quantum corrected MC device simulator, the 

Effective Potential is efficiently calculated using: 
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where the index l,m,n refers to the neighbor points 

around i,j,k, 𝑉 is the Hartree potential calculated by 

the Poisson solver, and 𝐼𝑖,𝑗,𝑘,𝑙,𝑚,𝑛
1 , 𝐼𝑖,𝑗,𝑘,𝑙,𝑚,𝑛
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3 , 

and 𝐼𝑖,𝑗,𝑘,𝑙,𝑚,𝑛
4  are error and exponential functions of 

the mesh spacing. The coefficients of Eq. (2) are 

calculated ahead of time, thus saving computational 

time. The flowchart of the simulator is shown in 

Fig. 1. The force that acts on the electrons in the 

transport is calculated from the Effective Potential.  

The device structure of interest, represented in 

Fig 2, is an unintentionally doped FinFET with 

𝐻𝐹𝑖𝑛  and 𝑊𝐹𝑖𝑛 of 42 nm and 8 nm, respectively, 

with L = 18 nm, and EOT = 1.2 nm. For this device, 

σ = 0.45 nm. Both semi-classical MC and quantum 

corrected MC simulators include random 

distribution of dopants. Fig. 3 shows the conduction 

band profile for a given dopant distribution. The 

impact of the random dopant distribution is clearly 

seen in the transfer characteristics of this device 

obtained by using the semi-classical MC simulator 

(Fig. 4) and the quantum corrected MC simulator 

(Fig. 5). From the semi-classical simulations, we 

calculate that the average threshold voltage is VT = 

0.4368 V, while the quantum corrected simulation 

gives VT = 0.4522 V. The higher VT obtained by 

using the QC model is expected due to the quantum-

mechanical size quantization effects, that lead to 

smaller carrier density in the channel (see Fig. 6 for 

the average line density along the channel length). 

In summary, we presented accurate and efficient 

methodology for studying transport in n-FinFET 

devices that adequately describes volume inversion 

in the channel and, at the same time, significantly 

reduces the computational time as opposed to a full 

Non-Equilibrium Green Function (NEGF) 

approach.  
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Fig. 1. Flowchart of the quantum corrected MC simulator. 

 

 

 

 

 

 

 

 

 

 

Fig. 2.  Structure of the n-FinFET studied in this work. 

 
Fig. 3. Conduction band along the device length and depth at 

the middle of WFIN. VB = VS = 0 V, VDS = 0.1 V and VGS = 

0.8V. 

 
Fig. 4.  Transfer characteristics obtained with semi-classical 

MC simulator for five devices with different random dopant 

distribution in the source, drain and channel. The average 

channel doping is 1015cm-3. Solid line is the averaged 

characteristic. VB = VS = 0 V and VDS = 0.1 V.  

 
Fig. 5.  Transfer characteristics obtained with the QC MC 

simulator for five devices with different random dopant 

distribution in the source, drain and channel. The average 

channel doping is 1015cm-3. VB = VS = 0 V and VDS = 0.1 V. 

 
Fig. 6.  Line density calculated using the semi-classical MC 

device simulator (blue) and quantum corrected MC device 

simulator (red).  VB = VS = 0 V, VDS = 0.1 V and VGS = 0.8 V. 
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