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Abstract
A mathematical model of symmetric Double Gate (DG) MOSFET 
has been thoroughly studied in this paper using high K gate 
material. 2-D Poisson’s equation has been solved to get the 
surface potential at the channel region taking relevant boundary 
conditions. Threshold voltage has been calculated after the surface 
potential. For accuracy quantum correction has been taken into 
account. Impact of threshold voltage on channel thickness has 
been studied in our paper. Also the Some advantages of HfO2 
have been stated in our paper.
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I. Introduction
Double Gate (DG) MOSFET is a very good suitable potential 
candidate in the new era of modern VLSI devices. To keep up 
the increasing demand with high speed and superior performance 
day by day, device dimensions have ultimately reached into the 
nanometer regime. DG MOSFET is a very good promising 
candidate for the future CMOS VLSI devices due to its better 
control of short channel effects (SCEs). When the device dimension 
is trimmed down into the nano region then Short Channel Effects 
(SCEs) come into the scenario unlike the bulk MOSFET. DG 
MOSFET shows several beneficial advantages like:

Reduction of the drain-induced barrier lowering effect due 1. 
to the shielding effect of the double gate.
Ideal sub threshold characteristics of 60 mV/decade at room 2. 
temperature.
Increasing the device transconductance per unit width by the 3. 
combination of two gates.
Adjustable threshold voltage with the help of gate engineering 4. 
[1].

SCE plays a significant role when the channel length goes below 
70 nm. To meet the challenge, various proposals are made by 
several researchers and among them double-gate SOI MOSFET 
has been considered as a suitable candidate for its redress [2-5], 
due to the shielding effect which lowers the DIBL effect. 30 nm 
channel length MOSFET device with permissible SCEs has been 
studied using Monte Carlo simulation process [6], taking 5 nm 
Silicon film and 3 nm gate oxide. Actually Silicon-on-insulator 
(SOI) MOSFET is the most suitable candidate since its smaller 
channel can reduce the SCEs and more downscaling is possible 
below sub 50 nm regime with allowable short channel effects 
[7-10]. Proficiency of nano scale SOI MOSFET has replaced 
the conventional bulk MOS (CMOS) and now-a-days it has 
been considered as a proficient candidate for high frequency 
application due to its smaller power-delay product. 20% speed 
improvement using SOI microprocessors on comparison to bulk 
CMOS technology has been cited in [11-12]. Also the better 
performance and good efficiency using SOI RF power amplifier 
has been mentioned in [13]. According to the optimistic prediction 
by H. Iwai [14], in 2004 Moore’s Law will be valid upto 2035 
when the device dimension will go down at 0.3 nm. Already 5 

nm gate length MOSFET has been reported in [15], and this is the 
smallest MOS device dimensions in best our knowledge. 
Higher speed and performance of CMOS devices have wiped out 
bipolar, MESFET and Bi-CMOS devices from the market and 
are being used in RF applications and digital circuits [16-18]. 
Application of bulk CMOS device into RF circuits and its use 
as a RF amplifier was first reported by J.-Y. Chang et. al. [19]. 
Application of RF technology using SOI devices for low noise 
amplifier and RF applications of 1-V transceiver system were done 
by J. Kodate et. al. [20] and M. Ugajin et. al. [21], respectively. 
DG MOSFET is the momentous device structure in the VLSI 
research field. Usually, the SiO2 material is taken as an insulator 
due to its stability and availability in nature. However SiO2 film 
meets the scaling limitation for its direct tunneling current making 
it much relevant only for low power 
applications. Henceforth it is much more desirable to select a 
material having high-K value. At ultimatum we have chosen HfO2 
material as an insulating material for our research work. 

II. Model
A symmetric double-gate n-MOSFET structure has been studied 
in our paper. Backside conducting layer protects the drain field 
away from the junction and the short channel effect reduces. 
HfO2 material has several advantages over SiO2 and due to 
its availability in nature we have chosen it as a good dielectric 
material. HfO2 shows several advantages over SiO2 as follows—
(1) device mobility increases since dielectric constant of HfO2 is 
26 whereas dielectric constant of SiO2 is 3.9. 

Fig. 1: Schematic Diagram of Double Gate MOSFET

A 1-D Poisson’s equation has been taken in the channel region. 
Gradual Channel Approximation (GCA) has been considered in our 
model. The relevant  1-D Poisson’s equation is as follows—

   (1)                                               
The relevant boundary conditions are as follows—
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Here, y=Surface Potential, εSi=Permittivity of Si, Vbi=built-in 
potential and tSi=Silicon channel thickness. y is the solution of 
the two equations—
y(x,y)=y0(x)+y1(x,y)    (2)
where y0(x) is the solution of the 1-D Poisson’s equation & y1(x,y) 
is the solution of the 2-D Poisson’s equation. The threshold voltage 
can be expressed as follows—

 (3)
Modified threshold voltage can be found after adding the threshold 
voltage shift.  The threshold voltage shift can be found after taking 
the quantum correction which is as  follows—

 (4)
And the other parameters are defind as

III. Quantum Mechanical Effect
Quantum Mechanical Effect (QME) plays an important role in 
case of double-gate MOSFET. Threshold voltage of the device 
shifted due to the QME and we can conclude that this is much 
more accurate for the low dimensional structure. It is also found 
that after rigorous calculation Quantum Mechanical Potential (
QM) is much lower than that of the classical mechanical potential 
( CL) value. The difference between the two potentials shows the 
increase of the threshold voltage by an amount— 

    (5)
where, meff=(mlmt

2)1/3, ml=Longitudinal component of the 
effective mass=0.916m0 mt=Transverse component of effevtive 
mass=0.19m0, h= Planck’s Constant, q=electronic charge. 
Also the threshold voltage shifts happens due to the gate oxide 
thickness (ΔVttox

QM).
The modified value of threshold voltage—
Vt=Vth+ΔVt

QM+ΔVttox
QM    (6)

IV. Results and Discussions

Fig. 2: Top Graph for tSi= 5 nm, Middle Graph for tSi= 10 nm, 
Bottom graph for tSi= 15 nm, Potential Profile at the Direction 
of Source End  

Variation of the surface potential with the normalized channel 
length has been plotted in fig. 2. From fig. 2, we can conclude 
that gate potentials have mean influence in the middle part of the 
volume of Silicon for thicker channel (here tSi=15 nm) than the 
other two lower tSi. Minimum surface potential remains in the 
middle of the channel. 

Fig. 3: Variation of Threshold Voltage with the Channel Thickness 
for L=100 nm 

Variation of the threshold voltage against the channel thickness has 
been shown in fig. 3 and it is observed that the threshold voltage 
decreases with the increment of Silicon channel thickness and 
vice-versa since Vth is inversely proportional to tSi.

Fig. 4. Variation of Threshold Voltage Roll-off with the Channel 
Length 



IJECT Vol. 3, IssuE 1, Jan. - MarCh 2012 ISSN : 2230-7109 (Online)  |  ISSN : 2230-9543 (Print)

w w w . i j e c t . o r g172   InternatIonal Journal of electronIcs & communIcatIon technology

Variation of the threshold voltage roll-off against the channel 
length has shown in fig. 5. The nature of the graph is just opposite 
to that of the graph shown in fig. 3. Threshold voltage decreases 
with the increase of thickness of the channel whereas the threshold 
voltage diminution occurs with the small channel length value. 
The roll-off mechanism has been shown for four tSi values— 
 10 nm, 15 nm, 20 nm and 25 nm.
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