
IJournals: International Journal of Software & Hardware Research in Engineering 

ISSN-2347-4890 

Volume 3 Issue 10 October, 2015 

 
© 2015, IJournals All Rights Reserved                                                                      www.ijournals.in 

 

Page 61 

A Comparative analysis of FinFET based design 
Using Sio2 and Hfo4Si (Hafnium Silicate) 

Dielectrics 
Author: R.Rameshkumar1; G.Narmathaa2; D.Nandhini3 

Affiliation: Assistant Professor1; HOD2; Assistant Professor3 

E-mail: rrameshkumar44@gmail.com1;  

ABSTRACT 
The double gate FinFET is the best devices, used to 
extend the CMOS technology beyond the scaling 
limit of normal CMOS technology. DG FinFET has 
excellent scalability and better short channel effect 
immunity compared to normal MOSFET device. 
High K dielectrics such as Hfo4Si can be used in DG 
FinFET instead of Sio2. This high K dielectric 
reduces the problems associated with gate leakage. 
Double gate FinFET is designed in 30nm technology 
with thickness of 1.2nm and 2.5nm dielectric and the 
performance are measured. Then DIBL of the device 
is calculated. TCAD simulation software was used to 
check the performance of the designed device.   
INTRODUCTION  
Fin-type field effect transistors are promising 
substitute for bulk CMOS at the nano scale. FinFET 
are double gate devices. The two gates of a FinFET 
can either be shorted for higher performance or 
independently controlled for lower leakage or 
reduced transistor count. This gives rise to the rich 
design space. As nanometer process technologies 
have advanced, chip density and operating frequency 
have been increased, making power consumption in 
battery-operated portable devices a major concern. 
Even for non-portable devices, power as well as 
potential reliability problems. Thus the main design 
goal for VLSI designers is to meet performance 
requirement within a power budget. To achieve 
power consumption FinFET based devices are better 
choices.  The FinFET devices consist of a thin 
silicon body, the thickness of which is denoted by 
Tsi, wrapped by gate electrodes. The current flows 
parallel to the wafer plane, whereas the channel is 
formed perpendicular to the wafer.  

Due to this reason, devices are termed quasi –planar. 
The independent control of the front and back gates 
of the  

FinFET is achieved by etching away the gate 
electrode at the top of the channel. The wider 
transistors with higher on-currents are obtained by 
using multiple fins. The Fin pitch (p) is the 
minimum pitch between adjacent fins allowed by 
lithography at a particular technology node. Using 
spacer lithography, p can be made as small as half of 
the lithography pitch.  

DEVICE DESIGN AND METHODOLOGY 

In this paper, the FinFET based comparator designed 
with 30nm Lg FinFET device with VDD=1 V, gate 
stacks: Si02 (2nm, 2.5nm) and Hfo4si (2nm, 2.5nm), 
charmel doping=le+ 17 are analyzed using 3-D 
atomistic technology computer-aided design mixed-
mode simulations. Sentaurus TCAD tool is used to 
fmd out the performance of the devices at various 
technology and at various gate oxide thickness As 
shown in Figl the source, drain and fm made up of 
silicon material and gate is of TiN material. While 
using TiN as gate material it will reduce the 
tunnelling current through base and increase the 
current from source to drain. Because of using 
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independent gates a better control in the variation of 
threshold voltage can be obtained. 

 
 

Fig I. FinFET model 

FinFET DEVICE IN 30NM TECHNOLOGY 

In 30nm technology the gate length of the gate is 
30nm, thickness of the fin is 9nm, and the source and 
drain is doped with a doping concentration of 1 e+ 
20 and channel  is of le+ 17. Here various gate oxide 
such as Si02 and Hfo4Si are used with a gate 
thickness of 2nm, 2.5nm. While using high-k 
dielectric Hfo4Si .it will increase the overall system 
performance. The dielectric constant for Si02 is 3.9 
and for Hfo4Si dielectric constant is 28. 

DEVICE SPECIFICATION AT 30NM 
TECHNOLOGY 

In 30nm technology the gate length of the gate is 
30nm, thickness of the fin is 9nm, and the source and 
drain is doped with a doping concentration of 1 e+ 
20 and channel is of le+ 17. Here various gate oxide 
such as Si02 and Hfo4Si are used with a gate 
thickness of l.2nm, 2nm, 2.5nm. While using high-k 
dielectric Hfo4Si it will increase the overall system 
performance. The dielectric constant for Si02 is 3.9 
and for HfO4Si dielectric constant is 28.  

PARAMETERS DIMENSIONS 

Length of the gate  30nm 

Gate oxide thickness 2, 2.5 

Thickness of Tin 9nm 

Doping concentration  1e+20 

Doping concentration for 
channel 

1e+17 

Dielectrics used  SiO2, Hfo4Si 

Table 1 Device Specification 

RESULTS AND DISCUSSIONS 
The ON current (Ion) of the device can be defined as 
the flow of charge carriers from source to drain 
when gate voltage  is applied. The transistor is 
turned ON when gate voltage is greater tha n the 
threshold voltage(Vt), then there is a channel is 
created between source and drain and current flow 
occurs. For Ion curve, the voltage applied to gate and 
drain O.2V and 0.8V respectively. The lolf current 
for the device can be defined as the current which 
flows through the device when it is in OFF 
condition. 

The on current Ids for the device can be expressed 
as, 

 Ids=µn Cox Weffl Leff [(V g s - Vth )V ds _ V 2 
dsl2] 

Where 

 µn = Mobility of electron.  

Cox = Oxide capacitance  

Welf = Effective Channel Width. 

 Leff = Effective Charmel Length. 

 V g s = Gate to Source Voltage. 

 V th = Threshold Voltage.  

Vds = Drain to Source Voltage.  

The off current for the device can be obtained by 
putting gate voltage V g s =0. Here different 
voltages are given to gate and drain in order to get 
the different current and same threshold voltages. 
The voltage given to drain and gate is 0.8V and 
O.2V respectively. When the transistor is turned on 
(Vgs >Vth) a channel is created which allows a 
relatively high current to flow between the drain and 
source within the charge-carrier effective mobility. 
The off current for the device found by putting  

Vgs=O.  
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DIBL is defmed as the secondary effect to a 
reduction of threshold voltage at higher drain 
voltages.  

DIBL= dVth/ dVd Si02 is a low k dielectric and is a 
high-k dielectric. The dielectric constant for the Si02 
and Hfo4Si are 3.9 and 28 respectively. 

30nm technology using SiO2  dielectrics 

 

Table 2 Performance using 30nm SiO2 dielectrics 

In 30nm technology the Si02 gate Dielectric at 2.5nm 
gives good lon/ loff ratio. While increasing the 
thickness of the gate oxide the performance of the 
device also increase. 

30nm technology using Hfo4si dielectrics 

Dielectric 
thickness 

Ion 
current  

Ioff 
current 

Ion / Ioff 

2nm 6.9E-6 2.91E-12 2.37E 6 

2.5nm 7.424E-6 3.2E-12 2.32E 6 

Table 3 Performance using 30nm Hfo4si 
dielectrics 

DIBL in 30nm technology 

Table 4 DIBL in 30nm technology 

It shows that the DIBL is reduce in the case of 
Hfo4si because of its high dielectric constant. 

 

CONCLUSION 

 Double gate FinFET is designed using 30nm 
technology with various gate dielectrics of Si02 and 
HfO4Si having dielectric thickness 2nm and 2.5nm. 
By using the as the gate dielectric Hfo4si Reduction 
in leakage current and improvement in performance 

is noted. Also the DIBL for Hfo4Si  is less compared 
to SiO2. 
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Dielectric 
thickness 

Ion 
current  

Ioff 
current 

Ion/ Ioff 

2nm 4.8E-6 6.505E-12 0.77E6 

2.5nm 4.6E-6 8.365E-12 0.85E6 

Dielectrics 
used 

Gate oxide 
thickness 
(nm) 

DIBL mv/v 

SiO2 2 115 

SiO2 2.5 112 

Hfo4si 2 110 

Hfo4si 2.5 109 


