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Abstract—In this paper, an analytical 2D current model of 
Double−Gate Schottky−Barrier MOSFETs (DG SB MOSFETs) 
is developed, which takes the advantage of the 2D potential 
distribution. Simulation results have shown that current density 
undergo notable changes along the channel depth directions, 
indicating that Ids and Vth calculated by 2D current model achieve 
a better accuracy than Surf model 
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I.  INTRODUCTION 
Schottky Barrier source/drain (S/D) field−effect transistors 

(SB MOSFETs) are promising substitutes for conventional 
MOSFETs for sub−22−nm CMOS technology since silicide 
S/D can provide abrupt junctions with low series resistance 
[1−3]. Schottky−Barrier MOS technology has advanced 
significantly in the past ten years [4]. Many experiments and 
modeling works have been addressed for better understanding 
and fabrication of the SB MOSFETs. However, few works 
have addressed the analytical current model for SB MOSFETs. 
Here we present an analytical 2D current model of 
Double−Gate (DG) SB MOSFETs. Our current model takes 
advantage of the 2D potential distribution, especially the 2D 
distribution of the Schottky barrier shape, instead of surface 
potential. The 2D potential distribution and Ids are verified by 
the simulated results of DESSIS [5], and the threshold voltage 
is extracted from Ids. Different threshold voltages extracted 
from different Ids models are compared. 

II. MODELING 
First we consider the tunneling current model for DG SB 

MOSFET, since it is the dominant current in SB MOSFETs [6]. 
Two main methods exist for the calculation of tunneling 
current through the barrier: the WKB method and the Airy 
function method. Here we take WKB since it fits the situation 
of high barrier and is simpler to implement [6]. In the WKB 
method, the tunneling transmission probability T(px) is so 
sensitive to the barrier shape that a modeling of potential 
distribution in DG SB MOSFETs with high accuracy is 
required, especially near the Schottky barrier region. Fig.1(a) 
gives a schematic view of the DG SB MOSFET structure, 
where the channel length Lx is 50nm, Silicon thin film 
thickness Tsi=10nm, Gate dielectrics thickness EOT=1nm and 

Donor doping concentration Nd=1017cm−3. Fig.1(b) where the 
electric potential distributions and tunneling current densities 
along the channel depth directions are demonstrated 
schematically, reveals that the variances of Schottky barrier 
shapes in different y-slices result in remarkable variances of 
tunneling current density.  

 
Figure 1.  (a). Schematics of DG SB MOSFET. (b). Schematics of tunneling 

current density and electric potential near the source side. 

The 2D potential expression is solved from the Poisson 
Equation [7] under the following boundary conditions: 

 φ(x,0) = φI(x) (1a) 

 ∂φ/∂y│y=a = 0 (1b) 

 φ(0,y) = φI(0) (1c) 

 φ(x,λ) = φI(λ) (1d) 
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where a = Tsi/2, λ=Lx/2, φsL=Vgs+q Nd ts i EOT / (2εSiO2), l=(εSi 
Tsi EOT/(2 η εSiO2))0.5, φI(x)=φsL+(Vbi+Vgs−φsL)exp(−x/l), η= 
E(x,0)/Eaverage(x) and E is electric field in the x direction. The 
solution of this equation is eq.2.  
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where β=φsL−Vbi and γ=(φsL−Vbi+(Vbi−φsL)exp(−λ/l))/λ. 
Considering that a single fitting parameter η could not depict 
the variance along the channel direction, we change η to η(x) to 
get more accurate potential distribution. Then the tunneling 
probability is written as T(εx,y)=exp(−2∫(2mWKB(κ− 
q(φ(x,y)−φ(0,y))−εx) / ћ2 )0.5dx). The expression of electron 
density of states is also essential to calculate the tunneling 
current. As the states in metal are continuous and the states in 
semiconductor are quasi−continuous, the electron density of 
states in metal and semiconductor for calculating tunneling 
current are determined by the semiconductor side 
g(ε,px)=2πm/h3 [8]. Then, the tunneling current Jt can be 
written as eq.3 [8] 

 

Jt=(2px/me)·T(px)·[g(ε,px)f(ε−εf
m)(1−f(ε−εf

s))−g(ε,px)·f(ε−εf
s) 

 (1−f(ε−εf
m))] (3) 

 

where me is the effective mass of electron, T(px) is the 
transmission probability, ε is the total energy of electron, px is 
the momentum along channel direction, f(ε) is the Fermi−Dirac 
functions, εf

m is the Fermi level in metal and εf
s is the Fermi 

level in semiconductor. The total tunneling current is also the 
sum of the current emission over the barrier (the thermal 
emission current Jth) and current emission through the barrier 
Jtun [4]. The Jth can be calculated by classical thermal−emission 
theory as Jth=A*T2exp(−Φbarrier/KT){exp(qV/KT)−1} [4] and 
the Jtun is calculated by eq. 3 under the situation of 
EC<εx<Φbarrier. Since the drain current in threshold region of 
DG SB MOSFETs with positive barrier is determined simply 
by the electron tunneling current at the Source Contact, the Jds 
is calculated by summing up the Jth and the Jtun at the Source 
side. Fig.2 shows the main flow chart of our current model, and 
the eq. 4 is the current equation of DG SB MOSFETs in 
threshold region. 

 
Figure 2.  Main flow chart of our 2D current model. 

 

Jds(y)=−A*T2exp(−Φbarrier/KT){exp((εf
m−εf

s)/KT)−1}− 

 (KT/2π2ћ3))∫mT(εx,y)ln((1+exp((εf
m−εx)/KT))/ 

 (1+exp((εf
s−εx) /KT)) (4) 

 

III. RESULTS AND DISCUSSION 
In order to verify the tunneling current model, the J−V 

characteristics of the Schottky Diode (SD) are calculated by 
our model and the results are compared with the simulated 
results of DESSIS as well as the experimental results [9].  
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Figure 3.  Reverse J−V characteristics of Schottky Diode. Comparison 

between the results of experiment, DESSIS and our model 

Fig.3 shows the comparison results. The insets of Fig.3 
show J−V curves with different Nd and Φbarrier respectively. It 
can be seen that our model is accurate in most region of SD 
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J−V curve with various parameters as barrier height and dopant 
concentration. 

Fig.4 shows the potential distribution in the silicon thin film 
with different gate bias and different depth varied from 0 to 
5nm (step=1nm) from the Si/SiO2 interface. A good agreement 
is achieved between the results of the potential model and 
DESSIS results.  
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Figure 4.  Potential in silicon thin film of DG SB MOSFETs with different 

Vgs and depth varied from 0 to 5nm (step=1nm) from the surface. 

Fig.5 shows the current density in different slices along y 
direction in the silicon film of DG SB MOSFETs. It is 
interested to note that the changes of depth do induce large 
variances of the tunneling current density, and the value of 
Jds(y)/Jds,average is not fixed but varies with Vgs, so the current 
model should be established including 2D distribution.  
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Figure 5.  (a). Current density in different slices along y direction in the 

silicon film of DG SB MOSFETs. (b). The current density in different slices 
along y direction in the silicon film normalized by the average current density. 
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Figure 6.  Ids−Vgs characteristics of the DG SB MOSFETs with different 

Φbarrier. 
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Figure 7.  (a). Variances of Vth @ Ids=10−9A/um with different Tsi and EOT. 

(b). Variances of Vth @ Ids=10−9A/um with different Nd and Φbarrier. 

Fig.6 shows the Ids−Vgs characteristics of the DG SB 
MOSFETs with different Φbarrier, and the results of surface 
current and the simulated results of DESSIS are compared. It is 
obvious that our model matches the simulated results better 
than the model (Surf) that only takes surface current into 
account.  

Figs 7(a), (b) plot the variances of Vth with different Nd, Tsi, 
EOT and Φbarrier calculated by our current model and by Surf 
model. The linear extrapolation of the Ids−Vgs for determining 
Vth is not suitable for DB SB MOSFETs, as the Ids 

exponentially increases with the Vgs. We use the constant 
current method to determine the Vth. From these two figures 
and compared with the results in reference 10, we find that the 
calculated results of Vth by our model are proper and the 
variances of Vth are reasonable. 

IV. CONCLUSION 
An analytical 2D current model of DG SB MOSFETs is 

developed. It takes advantage of the 2D potential distribution. 
Results indicate that the current density changes significantly 
with the variances of the depth from the surface, and the Ids 
and Vth calculated by 2D current model give a better accuracy 
than Surf model. 
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