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Abstract. In this paper, drain current as a function of mobility and velocity saturation is 

investigated individually at room temperature and Id-Vds characteristics curves are analyzed at 

threshold voltage (Vgs) of 0.73V for short channel Silicon n-MOS. For characterization, n-MOS 

model N08 is chosen which has specific mobility (µn) of 424.9 cm2/Vs and saturation velocity 

(vsat) of 9.127×104 cm/s. The simulation is accomplished using LTSPICE and the data is 

analyzed and characterized using MatLab. A good agreement between the model and the 

measured data is obtained. For both cases it is found that the drain current increases 

significantly with the increase in mobility and saturation velocity.  
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1 INTRODUCTION 

The mobility and saturation velocity are two important model parameters that have significant 

contributions on modeling and characterization of Metal Oxide Semiconductor Field Effect 

Transistor (MOSFET). Mobility in MOSFET can be characterized by how quickly an electron 

can move through the channel when pulled by an electric field.  However it is critical to find a 

good mobility model for the accurate modeling of MOSFET because scattering mechanisms 

responsible for surface mobility basically include photons, surface roughness and coulombic 

scattering that have certain amount of uncertainty (Cheng & Sullivan, 1974). Also, temperature 

dependence of mobility is a key factor for the MOSFET temperature behavior (Wolpert & 

Ampadu, 2012). For good quality interfaces (smooth and uniform), the dominant scattering 

mechanism is due to photon scattering at room temperature. In general sense, variation of 

mobility depends upon several process parameters and bias conditions. For example, mobility 
depends on substrate doping concentration, gate oxide thickness, gate and substrate voltages, 

threshold voltage etc. (Dunga et al., 2006). Also with device scaling, increasing doping 

concentration for adjusting threshold voltage causes random dopant fluctuations and degrades 

the channel mobility (Hariharan, Vasi & Rao, 2008). On the other hand, velocity saturation in 

MOSFET is a phenomenon which occurs due to high electric field that causes the drift velocity 

to reach a maximum value as with the degradation of mobility (Peng & Ismail, 2007). The 

saturation in MOSFET means that the change in Vds will not produce significant change in the 

drain current (Id) i.e. the current through the device will be almost constant. This is also called 

pinch off to indicate the lack of channel region near the drain. The occurrence of saturation at a 

particular electric field varies with different semiconductors and also critical electric field Ec has 

an effect on vsat (Sodini, Ko & Moll, 1984; Gildenblat et al., 2006). In nanoelectronic devices, 
the high electric fields up to 106 V/cm increase scattering rate of highly energetic electrons with 

the average carrier energy which reduces the transconductance in the saturation mode (Peng & 

Ismail, 2007; Arora, 2000). In this work the effect of change in mobility and saturation velocity 

is shown on drain current for short channel operation of n-MOSFET.      
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2 DEVICE MODELING 

In the necessity to obtain higher performance regarding speed, functionality and chip density, 

the channel length (L) and channel width (W) are being down scaled (Sakurai & Newton, 1991 

). But as the device scaling makes the channel length less than a micron (L < 1μ), second order 
effects that were ignored for long channel devices become prominent which includes velocity 

saturation, threshold voltage variations, hot carrier effects and so on (Taur et al., 1997). The 

basic structure of a Silicon n-channel MOSFET is shown in Fig. 1. 

 
Fig. 1: Basic structure of an N-MOS 

 

In the performance of a MOSFET, the effective mobility of inversion layer carriers is a 

significant factor [5]. When     and     are applied, the induced channel charge at      is  

 

                                                                             

 

The current is given as a product of the drift velocity of the carriers    and the available charge 

as 

 

                                                                  
 

The mobility of electrons is normally twice than that of holes. The electron velocity is related to 

the electric field through the mobility as 

 

              

     

  
                                               

 

Combining Eqs. (1) and (3) in (2), gives 

 

                                                                 

 

Integrating Eq. (4) from 0 to L gives the drain current of the transistor, 
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When increasing   , the electric field reaches a critical value Ec and the velocity of the carriers 

tends to saturate which is defined as (Assaderaghi, Ko & Hu, 1993) 

 

        
    

  

                                                                     

 

Now from Eq. (4), with           the drain current becomes, 

 

                                                                       

 

This model describes the drain current as a function of mobility and velocity saturation.   

 

3 RESULTS AND DISCUSSION  

From the derived mathematical model it is clear that mobility and velocity saturation have 

certain effects on drain current. The typical values of mobility and velocity saturation for this n-

MOS transistor are 424.9 cm2/Vs and 9.127×104 cm/s respectively. To observe the effect on 

drain current the mobility and velocity saturation of transistor M2 are increased and decreased 

by ± 10% (at Temp = Tnom) and the simulation is performed using LTSPICE. The simulation 

data is then plotted and characterized using MatLab. The simulation model of mobility and 

velocity saturation for short channel n-MOS and Id-Vds characteristics curves are shown in Fig. 2 

and Fig. 3 respectively.  

 

 

 
Fig. 2(a): Mobility decreased by 10% 

 

 
Fig. 2(b): Id-Vds characteristics curves showing the effect 

of decreased mobility on drain current at room 
temperature for short channel operation. The drain current 

reduced by a factor of 1.0339.   
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Fig. 2(c): Mobility increased by 10% 

 

 

 

 
Fig. 2(d): Id-Vds characteristics curves showing the effect 

of increased mobility on drain current at room 
temperature for short channel operation. The drain current 

enhanced by a factor of 1.0284. 
 
 
 
 
 

 

 

 
Fig. 3(a): Vsat decreased by 10% 

 

 

 

 

 
Fig. 3(b): Id-Vds characteristics curves showing the effect 
of reduced velocity saturation on drain current at room 

temperature for short channel operation. The drain current 

decreased by a factor of 1.0582. 
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Fig. 3(c): Vsat increased by 10% 

 

 

 

 

 

 
Fig. 3(c): Id-Vds characteristics curves showing the effect 
of increased velocity saturation on drain current at room 

temperature for short channel operation. The drain current 
enhanced by a factor of 1.0505. 

 

 

Form the above figures; it is evident that mobility and velocity saturation have significant 

effects on drain current. But velocity saturation has slightly dominant effect on drain current 

compared to mobility for short channel operation at room temperature.     
                                      

4 CONCLUSION 

This paper investigates the effect of mobility and velocity saturation on drain current at room 

temperature for silicon n-MOSFET. The simulation results obtained in this work are compatible 

with analytical model of short channel Si n-MOS. In order to scale MOSFET devices these 
effects have to be considered. However, in order to accurately simulate the transistor behavior, 

complex formulas have to be used to describe the current under all operating conditions. Over 

the years, several elaborate models are developed which include the parasitic elements (diodes, 

resistors, etc.) in a closed form. The further investigation can be done for III-V n-MOSFETS 

over wide range of temperature variations.     
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