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 This paper explores the quantum confinement effect in symmetric-double gate 
MOSFET by considering the quantum confinement parameter and solving with the help 
of Poisson’s Equation instead of Schrödinger-Poisson (SP) solver. The derived model is 
less expansive in terms of computational time. To show the validity of the derived 
model, the simulated results were compared with the published results using SP solver 
showed a good agreement.  It is observed that the confinement parameter decreases as 
film thickness increases. It is also observed that the quantum corrected potential 
increases towards the interface from its zero value at the centre and reduces with silicon 
film thickness. The mobile carrier density as well as potential is lower in presence of 
quantum correction. 
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INTRODUCTION 

 
The continuously downscaling of the device 

geometry increases the influence of quantum 
mechanical confinement in the MOS device 
therefore; purely classical based device simulation 
without any quantum correction is no longer 
providing accurate results. The carrier concentration 
increases exponentially towards the gate-oxide 
interface as predicted by classical theory but due to 
quantum confinement carrier concentration near the 
gate-oxide interface decreases (Hari Ananthan and 
Kaushik Roy, 2006; Kevkic, T.S. and D.M. Petkovic, 
2008; Karim, M.A. and Anisul Haque, 2010). A 
Schrödinger Poisson (SP) solver provides accurate 
results for carrier concentration within 1-D slices 
perpendicular to the oxide interface. However, SP 
solvers are impractical for ultra thin SDG MOS 
devices, where quantum confinement is dominating, 
because evaluation of quantum mechanical electron 
density is computationally more demanding (Jin He, 
et al., 2006; Marie-Anne Jaud, et al., 2008; Jaydeva, 
G.S. and Amitava Dasgupta, 2009). The double-gate 
(DG) MOSFET is considered to be one of the most 
promising structures to control the short channel 
effects. Due to two gates, lower channel doping is 
possible which increases the mobility and eliminates 
the doping number fluctuations effects. In a 
symmetric double gate MOSFET, two gates are 
connected with the same potential. Due to ultra thin 

silicon film in symmetric double gate MOS devices, 
quantum effect was studied thoroughly in these 
devices (Qiang Chen, Lihui Wang and James D. 
Meindl, 2003; Vishal, P., Trivedi, Jerry G. Fossum, 
2005; Daniela Munteanu, et al., 2006; Martin 
Wagner, et al., 2006; Yu Yuan, et al., 2009; Tiw Pei 
Wen, et al., 2010).  

In this paper, the effect of the quantum 
confinement in symmetric double gate (SDG) 
MOSFET is investigated by considering quantum 
confinement parameter and quantum correction 
potential. The model is developed using Poisson 
Equation instead of solving computationally 
expansive Schrödinger-Poisson Equation. The 
developed model is verified with a close agreement 
with published results (Daniela Munteanu, et al., 
2005). The difference no more than 2% has been 
observed in the drain current, calculated by using our 
model and quantum based model for long channel 
SDG MOS devices.  

 
Mathematical Formulation: 

The cross-section and coordinate systems of a 
long symmetrical undoped Double-Gate (DG) 
nMOSFET is shown in Fig. 1 where L is channel 
length and tSi silicon film thickness. For simplicity, 
the quasi-Fermi level is assumed to be constant 
across the silicon-film direction (y-direction). 
Poisson’s Equation, with only mobile electron, is 
written as: 
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Fig. 1: Symmetrical Double-gate MOSFET with coordinate axis and cross-section (Tiw Pei Wen, Ajay Kumar 
Singh, 2010). 
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Where ψ and n are the spatial electrostatistics 

potential and mobile-electron concentration 
respectively; εSi is the silicon permittivity. According 
to Boltzmann-Statistics, carrier concentration 
increases exponentially towards the silicon-oxide 
interface and given as:  
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Where ni is the intrinsic carrier concentration, VT 

(=KT/q) is thermal voltage. ψF is non-equilibrium 
quasi-Fermi level and satisfy the following 
conditions,  
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VDS is drain-source voltage. According to 

Quantum mechanics, the carrier concentration 
strongly decreases towards the interface due to 
quantum confinement.  To adjust the classical carrier 
concentration equal to the quantum carrier 
concentration, we have introduced a quantum 
corrected potential ψcorr in Equation (2). The 
modified Equation (2) is now expressed as (Tiw Pei 
Wen, Ajay Kumar Singh, 2010): 
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In an undoped device, where the electron 

concentration is low to start with and remains 
moderate under the threshold condition, Boltzmann’s 

statistics works very well even in the presence of 
quantum effect; From Equation (4) 
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Where β= (1/VT) (called thermal voltage) and 

the spatial derivative of electrostatic potential can be 
expressed as: 
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Using Equations (4) and 5(a) in Equation 5(b) 

and after simplification, the differential Equation for 
the quantum corrected potential is given as: 
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Replacing ψ by corrclass ψψψ −=
 in Equation 

5(c), we get;    
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After performing double integration and taking 

appropriate assumptions, we get; 
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As mentioned in ref (Tiw Pei Wen, Ajay Kumar 
Singh, 2010), due to quantum confinement the carrier 
concentration near the gate oxide decreases and 
hence, the variation of carrier concentration along y-
direction is expressed as: 
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Where, A measures the strength of the quantum 

confinement and known as confinement parameter. 
Substituting Equation (7) into Equation (4), and after 
simplification 
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Under Gradual Channel Approximation, we 

have neglected Fermi-potential in Equation (8). The 
confinement parameter A is determined by boundary 
condition (Tiw Pei Wen, Ajay Kumar Singh, 2010). 
The expression for confinement parameter A shows 
the unique dependence of the parameter A on the 
gate voltage, material work function and oxide 
thickness. The total inversion charge in presence of 
quantum effect is obtained using, 
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of n(y) from Equation (7) and after performing the 
integration and simplification, Qin is finally given as: 
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Threshold voltage is defined as the gate voltage 

at which electron-sheet density of inversion carrier 
(Qin) reaches a value equal to QTH 
(QTH=3.24*1010/cm2) which is adequate for 
identifying the turn-on conduction (Qiang Chen, 
Lihui Wang and James D. Meindl, 2003). 

  
RESULTS AND DISCUSSIONS 

 
Fig. 2 shows the quantum corrected potential 

sensitivity variation with silicon film thickness for 
tox=10nm and Na=1016/cm3. It is observed that for a 
very thin silicon film, the sensitivity parameter gives 
larger value. For tsi≥40nm, sensitivity parameter 
remains almost constant with thickness. From this 
study, we can say that for thinner silicon film, the 
quantum confinement is more dominating and its 
presence cannot be ignored in such devices.

  
  

 
 

Fig. 2: Quantum corrected sensitivity parameter with silicon film thickness. 
 
The simulation results of developed model for 

surface potential in the presence of quantum effect 
are compared with the results obtained using 
expression given in reference (Daniela Munteanu, et 
al., 2005) as shown in Table 1. The two results show 

a good agreement near the interface where quantum 
confinement is dominating. This shows the validity 
of the derived expression proposed. 
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Table1: Comparison of surface potential 

Silicon depth, y (nm) 

Potential (V) 

 
Eq.(10) Ref. (Daniela Munteanu, et al., 2005) 

0 0.5394 0.56 
2 0.5087 0.49 
4 0.4165 0.36 
8 0.2627 0.24 
10 0.0475 0.01 

 
Fig. 3 shows the variation of threshold voltage 

difference between classical and quantum 
mechanical with silicon film thickness. The 
difference reduces as one uses Double Gate MOS of 
thick silicon film because quantum mechanical effect 
is not a serious concern for thicker silicon film. The 
obtained results were also compared with ref. 
(Daniela Munteanu, et al., 2005) results and 
observed that for thicker silicon film the difference 
between two models is appreciable. 

From Fig. 4, it is clear that quantum confinement 
affects the local density of states and the carrier 
concentration near the gate oxide. With the fixed 
oxide thickness, silicon film thickness and applied 
gate voltage, it is seen that carrier in presence of 
quantum mechanical effects is lower than the 
classical carrier concentration. The classical carrier 
concentration shows a slightly variation along the 
silicon depth (in y direction). The concentration is 
reduced drastically near the interface of silicon. 

  

 

Fig. 3: Comparison of  Threshold voltage with silicon film thickness. 
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Fig. 4: Variation of carrier concentration with silicon depth with and without quantum mechanical effect. 
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Conclusion: 
The quantum confinement effect is more 

pronounced in ultrathin silicon film and the device 
cannot be treated classically alone. The study also 
suggests that one can treat the quantum confinement 
effect in SDG MOS devices by considering Poisson’s 
Equation alone instead of solving complicated 
Schrodinger-Poisson (SP) Equation. This results in 
reducing the computational time and makes analysis 
simple. Due to quantum confinement effect, the 
mobile carrier concentration is lower than the 
classical one and reduces towards the interface. It 
was observed that by introducing quantum 
confinement parameter and quantum corrected 
potential in the Poisson’s Equation, predicted results 
are close to published results (considering SP 
Equation).  
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