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ABSTRACT

In this paper , the threshold variation due to modification in doping profile@nd random trap,position has been
analysed. This analysis has been done on N-MOS with 40 nm channel length and 82,nm effective channel length
. The trap position is changing from drain end to source end andgfesults were obhserved for different’ doping
profiles .The results shows that the fluctuation in Vihresnoid 18 N0t consistent and the“standard déeviation are
dependent on the trap position as well as on the nature of doping profile. As.the;Gaussian doping profile shows
less fluctuation in comparison of Error function doping profile. The threshold veltage standard deviation is

highly correlated when the trap is located in betweenitheyeentre.

Index Terms: Doping Profile, Threshold Woltage Fluctuation, Randem Telegraph Noise, Erf
Doping Profile, Gaussian Doping Profile:

I INTRODUCTION

Random Telegraph fluctuation (RTF)<expose. itself the fluctuation in MOS transistor threshold voltage[1,2].
Traditionally the cehsideration ofi random¢telegraphnfluctuation was important only in analog design at low
frequencies butfit cannot be ignoreddn the digital designs too[1].The charge carrier Degradation has been
thought to be due tocarrier trapping inthe interface- trap generation and/or gate oxide .This script point out the
resultsgbased on two device,models 1) Wsing Gaussian doping profile for random trap locations, 2) Error
function_doping profile for random trap location. Traps are electrically active defect located at the interface
between oxide and semiconductor; capable of trapping and de-trapping charge carriers, interface traps have an
adverse effect on device perfarmance. The interface traps existence disturbs the channel formation during source
and drain region which leads to fluctuation in expected threshold voltage and drain current of device. Generation
of traps like random yvariations are unpredictable and are caused by random uncertainties in the fabrication

process [7].

In processing of modern semiconductor devices, doping refers to the process of introducing impurity atoms into
a pure semiconductor. Doping profile is the spatial (with distance) variation of doping concentration within the
structure or A doping profiles a plot of the spatial variation of dopant concentration in a device, usually [NA -
ND | on a log scale. In Gaussian doping profile the charge concentration is distributed according to Gaussian

function on the other hand distribution is an error function of parameters in Erf doping profile. The random
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dopant fluctuation and other fluctuations like random telegraph fluctuation makes MOS designing more

complicated.

The purpose of this paper is to show NMOS threshold voltage fluctuates due to random doping and random trap
interface . The behaviour of above mentioned investigated by means of simulation work using the TCAD
software. Technology Computer-Aided Design (TCAD) refers to the use of computer simulations to develop
and optimize semiconductor processing technologies and devices. Synopsys TCAD offers a comprehensive suite
of products that includes industry leading process and device simulation tools, as well as a powerful GUI-driven

simulation environment for managing simulation tasks and analyzing simulation re

I MOSFET DEVICE DESIGN

The device model is shown in figure-1. N-MOSFET has i i AD and
design code specifications are given as
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Figure 1. N-MOSFET Device Model

P-type doping with uniform throughout all of the body region with doping uniform concentration 2e+16 p.type
region-1 direction-y. Initial definitions are Gaussian/Erf doping profile of charge concentration = 1e+20 with
n.type in source and drain region, that is marked as region-3 and region- 4respectively in this design.
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111 SIMULATIONS

For investigation of Threshold Voltage fluctuation two N-MOS devices have been targeted with Gaussian and
Erf doping profie to study of random trap position. For MOS with Gaussian doping the device dimensions are;
channel length 40nm ,effective channel length 32 nm ,source region and drain region 40 nm. Mesh type
triangular (with two times mesh refining), doping profile Gaussian in drain and source region density 1e+20
donor. Doping profile uniform linear in body region with density 2e+16 with accepter. Gate terminal connected

via Npolysilicon and metal connections using Aluminium.

i A

et Source /Daning With Donor Impurity.

Fig 2. Net body doping with accepter i

For designing of N-MOS with Error function d

has been replace by Erf doping profile.Figure-5

Figd: N-MOSFET Device TCAD Mesh structure Fig5: N-MOSFET Device with Erf doping profile

This simulation model design is based on percolation theory[8].It computes the conductivity of cellular array
structure from the source to drain end of a MOSFET with a particular random trap is present in a cell
statistically distributed across the channel width. The interface trap considered in this model is located at the
Gate oxide and channel interface with charge density 1e+15 and accepter in nature. For simulation Gate voltage

selected as voltage sweep: initial voltage 0, final voltage 2V step size .01. Drain voltage kept constant 0.5V . To
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perform statistical analysis trap is not included in first MOSFET maodelling for calculation of desired threshold

voltage.

The simulation procedure to perform simulation is shown in flow diagram

Draw device for given dimension in device

draw window
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IV RESULTS AND DISCUSSION

For every trap position the threshold voltage was calculated as mean of 10 different doping concentrations in
both the cases for Gaussian and Erf profiles and fluctuation has been calculated with respect to threshold voltage

neglecting the trap behaviour of device at interface. The calculated result shown in Table no-1
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Trap Mean V+ Mean V+
position(n fluctuation fluctuation
m) Drain- (Gaussian) (Erf)
to-Source
0 0.018 0.016
5 0.014 0.012
10 0.02 0.017
15 0.016 0.015
20 0.015 0.014
25 0.013 0.019
30 0.017
35 0.018
40 0.025
Std. 0.003605551
Deviation

Table No. 1: Resul

The trap near to drain making less influence on threshold v
major obstacle for electrons in N-MOS channel because the high ced In the source region.

Effect of this obstruction offered by trap is les or Gaussian doping profi

in respect of Erf doping.

The threshold voltage fluctuation with respeet to trap po

been displayed in figure-6.
The results are giving the clear reflection’tha reshold.voltage fluctuation is inconsistent with random trap
location for both the doping profiles.
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Fig 6: Thresh e fluctuation with trap location for Gaussian and Erf doping profiles

The Threshold voltage fluctuation and its standard deviation are extracted by our simulation results, the
explanation holds and since a trap near to drain region is causing less resistance in comparison of trap location
near to source side and in graphical analysis it is showing peak of the threshold fluctuation due to source side of
trap. The Gaussian doping profile shows less fluctuation than Erf doping profile. From the statistical analysis of
result obtained from simulation giving clear evidence, that due to random nature of threshold voltage fluctuation

for various trap location make mathematical modelling of device challenging which introduce complication in
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device deign. Another conclusion can be draw from the standard deviation for Gaussian and Erf doping profiles

,the fluctuation in threshold voltage is also dependent on the nature of doping functions .
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