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Abstract: This paper presents an analytical subthreshold 
drain current model for pocket implanted nano scale n-
MOSFET. The model is developed by using the linear 
pocket profiles at the source and drain edges and by 
solving the Poisson's equation in the depletion region at 
the surface with the appropriate boundary conditions at 
source and drain for deriving the surface potential. The 
model includes the effective doping concentration of the 
two linear pocket profiles. Electron current density is 
obtained from the conventional drift-diffusion equation. 
Integration of surface potential is obtained numerically. 
Effective channel thickness is obtained by applying 
Gauss's Law at the surface. The simulation results show 
that the derived subthreshold drain current model has a 
simple compact form that can be utilized to study and 
characterize the pocket implanted advanced ULSI MOS 
devices. 
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1. INTRODUCTION 
As the channel length of MOSFETs is scaled down to 
deep-submicrometer or sub-100 nm regime, we observe 
the reduction of threshold voltage with the reduction of 
channel length due to the charge sharing between the 
drain/source region and the channel [1]. Also, the off-state 
leakage current increases due to sensitivity of the 
source/channel barrier to the drain potential or drain 
induced barrier lowering (DIBL). This effect is known as 
short-channel effect (SCE). This effect arises as a result of 
two dimensional potential distribution and high electric 
fields in the channel region [2]. It can be reduced or can 
be even reversed (then it is called reverse short channel 
effect or RSCE in short) by locally raising the channel 
doping near source and drain junctions. RSCE was 
originally observed in MOSFETs due to oxidation-
enhanced-diffusion [3] or implant-damage-enhanced 
diffusion [4] which are very difficult to control. Lateral 
channel engineering utilizing halo or pocket implant [5-9] 
surrounding drain and source regions is effective in 

suppressing short channel effects. The halo or pocket 
implant can be either symmetrical [10] or asymmetrical 
[11] with respect to source or drain. Reported circuit 
applications include a 256 M-bit DRAM [12] and mixed-
signal processor [13]. In fact, this pocket implant 
technology is found to be very promising in the effort to 
tailor the short-channel performances of deep-submicron 
as well as sub-100 nm MOSFETs although careful 
tradeoffs need to be made between minimum channel 
length and other device electrical parameters [6].  
Already few papers have been published focusing on the 
subthreshold behaviour of pocket implanted MOSFET 
[14-16]. When the gate voltage is below the threshold 
voltage and the semiconductor surface is in weak 
inversion, the corresponding drain current is called the 
subthreshold current. The subthreshold region is 
particularly important for low-voltage, low-power 
applications, such as when the MOSFET is used as a 
switch in digital logic and memory applications, because 
the subthreshold region describes how the switch turns on 
and off. In [9], models for subthreshold and above 
subthreshold currents in 0.1 μm pocket n-MOSFETs for 
low-voltage applications have been derived based on the 
diffusion current transport equation. But this model 
characterizes the localized pile-up of channel dopants as 
step profile. The influences of halo implant dose and tilt 
angle on the off-state current have been investigated by 
technology computer-aided design (TCAD) simulation in 
[14]. A channel length independent subthreshold 
characteristic in submicron MOSFETs has been reported 
by Shin et al in [15] due to the presence of localized 
pileup of channel dopants near the source and drain ends 
of the channel. An analytical subthreshold current model 
for pocket-implanted n-MOSFETs has been presented in 
[16]. But this model also characterizes the localized 
channel dopants as step profile. 
In this paper, an analytical subthreshold current model for 
the sub-100 nm pocket implanted n-MOSFET has been 
derived assuming the linear profiles of pocket doping. 
Here the 1-D pocket profiles across the channel have been 
transformed to an effective doping concentration 
expression, which is used in the 1-D Poisson’s equation to 
derive the surface potential model applying the  
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the surface of the device from the source and drain edges. 
The effect of changing the device and pocket profiles 
parameters on the subthreshold current have been studied 
using the proposed model. The simulated results show 
that the proposed model predicts the subthreshold current 
down to 50 nm channel length. It shows similar behaviour 
as found in the literature. Hence this model efficiently 
evaluates the subthreshold drain current of scaled pocket 
n-MOSFETs having channel lengths in the nano scale 
regime. 
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