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As known there is an energy quantization in silicon inversion layers [1]. 

With co-authors we had showed this phenomenon may be influential for elec-

tron properties in MOSFET’s current channel at definite conditions [2]. How-

ever these conditions are not deeply studied.  

The purpose of present work is the investigation of gate and drain bias ef-

fect on structure of quantization energy levels in MOSFET’s conduction layer 

(current channel). This effect is determined by changing of potential slope 

along the transistor‘s channel. On fig. 1 the general potential profiles into the 

MOSFET substrate are schematically presented.  

 

 

 

 

 

 

 

 
 

 

 

 

Evidently the structure of quantization energy levels is not uniform along the 

channel.  

In present work we have calculated the quantization energy levels by direct 

solution of Schrödinger equation 

 ψ" +   xUE
m


2

2


ψ = 0, (1) 

where ψ – electron wave function, E – energy, U(x) – potential profile into the 

substrate. Used bound conditions were ψ(0) = ψ(∞) = 0. The potential profiles 

U(x) at each channel section are obtained by using Monte Carlo simulation of 

electron transport in MOSFETs and solution of Poisson equation [3]. 
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Fig. 1. Potential slope along the transistor’s channel. dj is the drain deepness into MOSFET 

substrate 
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The solution of  Schrödinger equation ψ we have found using infinite math-

ematical series as ψ = 
k

k

k xC . The roots xi of equation ψ(xi) = 0 give the val-

ues Ei in according to 

 ii FxE   , (2) 

where F – electric field in direction to substrate at considered section of chan-

nel. The values of  xi  were numerically founded. 

So the energy levels structures along the transistor’s channel are calculated. 

We have considered MOSFETs at a wide range of gate and drain bias with 

channel length is less 0.4 μm. Gate oxide is equal 7 nm. We have considered 

drain deepness into MOSFET substrate equal 0.1 μm as well as 0.01 μm. The 

obtained data show that for studied conditions the quantization energy levels 

are appeared only for dj = 0.01 μm. On fig. 2 the potential profiles obtained us-

ing Monte Carlo simulation are presented for last case. In other cases the ener-

gy quantization is not arisen as the distance between nearest energy levels is 

less than the temperature energy broadening. 
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Fig. 2. Potential slope for MOSFET with dj = 0.01 μm. VG  = 3 V,  VD = 1 V. 

1 – at source region, 2 – at drain region 
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