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ABSTRACT – Double Gate (DG) MOSFET is less 
sensitive to short channel effect (SCE) due to 
electrostatic channel control from both sides. 
Unfortunately, there have been many drawbacks to the 
normal junction, specifically the inversion junction 
mode. The Symmetric Junctionless DG-MOSFET 
device concept has been used to overcome this problem. 
The simulation result used in SILVACO-ATLAS shows 
that the proposed device is more immune to SCE 
because it has a longer effective channel length than the 
physical length. This device has no junctions and 
contains the same doping gradients. That's why it's 
thought to be simpler manufacturing process, better 
electrical properties and low power consumption than 
conventional inversion mode devices. 
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1. INTRODUCTION 

Metal-oxide - semiconductor field effect transistor 
(MOSFET) device dimensions have been constantly 
reduced over the past few decades to achieve improved 
microprocessor speed and storage capacity. Scaling 
down has made the short channel effect (SCEs) a 
serious thread on device performance [1,2]. These 
problems can be solved by using multiple gate or double 
gate (DG) structures that greatly enhance device 
electrostatic integrity and thus extend conventional 
MOSFET’s scaling limit. DG MOSFET is less sensitive 
to SCEs because of electrostatic channel control from 
both sides. Unfortunately, there have been many 
drawbacks in the normal junction, specifically inversion 
junction mode. That's why; the Symmetric Double Gate 
Junctionless (DGJL) MOSFET device as shown in 
Figure 1 has been introduced to address this issue [3].  

 

 
Figure 1. Double Gate Junctionless structure 

This device has many advantages over 
conventional MOSFETs such as high scalability, simple 
process flow, low thermal budget, improved 
performance against short-circuit effects [4]. In this 
paper, a DGJL-MOSFET 16 nm physical channel length 
has been recoded and a comparison with the inversion 
mode has been made.  The parameters of 
DGJLMOSFET output including threshold voltage 
(VTH), slope (SS) and ratio of current (ION/IOFF) are 
systematically tested by comprehensive device 
simulations. For high-k material as a gate spacer, 
Titanium Oxide (TiO2) has been chosen. It has been 
observed that TiO2 material has an excellent capability 
of enhancing the device performance with the 
suppression of SCEs [5,6]. 
 
2. MATERIALS AND METHODS 

The DG-MOSFET inversion mode consists of two 
PN-Junctions: source-channel and drain-channel 
junctions on the source-channel drain direction. The 
separation between the two joints is called the effective 
channel length. There is no PN-Junction on the source-
channel-drain direction in a DGJL-MOSFET [2]. 
Therefore, the present driving mechanism in a DGJL-
MOSFET is special. Device electrical characteristics are 
simulated by using SILVACO-ATLAS. For simulations, 
various variable parameters are gate voltage and gate 
length which maintain a constant voltage from drain and 
doping concentration. Uniform doping concentrations in 
the channel and the source / drain regions are 
considered for all simulations. Such simulations were 
carried out by two carriers: the drift-dissemination 
model with no ionization of effect, the doping dynamic 
mobility of carriers and the electrical field model of 
carriers [6,7].  
  
3. RESULT AND DISCUSSION 

 Table 1 shows the electrical characteristics of the 
devices. In the subthreshold region, a DGJL-MOSFET 
is fully depleted, so leakage current is lesser as 
compared to inversion mode devices. DGJL-MOSFET 
also shows higher current as compared to DG-
MOSFET. High-k dielectric is extensively used for 
nanoscale device performance improvement, due to its 
reduced off state leakage and enhanced electrostatic 
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control over the channel [8,9]. Therefore, in this 
research, the high-k material from TiO2 as the gate 
spacer was used. All the devices are set to the same 
level of VTH during the simulation which was 0.179V as 
predicted by ITRS 2013 for High Performance multi-
gate technology in the year 2015 [10] at low power 
supply voltage equal to 0.83V. This is done to precisely 
evaluate the performance in terms of the corresponding 
ION, IOFF, ION/IOFF ratio, and SS of the device. 
 

Table 1 Comparison between the simulation of three 
different device 

Parameter 
ITRS 
Predict 
[10] 

DG DGJL 
DGJL with 
TiO2 as 
gate spacer 

VTH (V) 0.179± 
12.7% 0.1791 0.1792 0.1791 

ION (µA/µm) ≥1700 1630.79 1684.65 1796.19 
IOFF 
(nA/µm) ≤100 68.58 66.46 65.11 

SS (mV/dec) 70~90 93.62 93.53 92.24 
ION/IOFF 
ratio ≥17000 23779.4 25348.3 27587.0 

 
DGJL-MOSFET device have different 

enhancements like no junctions, contains same doping 
gradients so they are thought to be simpler fabrication 
process, less variability and better electrical property 
than classical inversion mode devices [11]. The ION/IOFF 
ratio is the important figure of merit that indicates the 
ratio of total ION to the IOFF. The ION/IOFF ratio represents 
the power consumption of a device. The higher ION/IOFF 
ratio is, the better power consumption of the device will 
be [7,8]. 

 
4. CONCLUSION 

In conclusion, based on the electrical characteristic 
analysis, the DGJL-MOSFET system has identified 
good electrical properties such as high drive current and 
low leakage current. The TiO2 meanwhile, has resulted 
in the improvement of the device due to high in current 
drive which is used to decide on the drive capability of 
DGJL-MOSFET device. This device with TiO2 material 
as a gate spacer also has a better power consumption 
than any the other device due to its higher ION/IOFF ratio. 
In addition, the system features met the high-
performance (HP) multi-gate (MG) development 
specifications expected by ITRS specifications. 
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