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Abstract— In this paper we represent the design and simulation study of analog circuit performance parameters for 
electrically variable ultrashallow junction silicon on insulator (EJ – SOI) junctionless MOSFET. In this paper properties of 
both the EJ and Junctionless MOSFETs are combined to form new device structure. The characteristics are compared with 
conventional EJ-SOI MOSFET which is having tri-gate structure with extended source and drain. Here effect of side gate 
lengths, side gate voltage, and also the thin film thicknesss is investigated. Here we have shown that by making the device as 
junctionless mosfet we will achieve greater control over short channel effects for channel lengths even less than 50nm. 
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I. INTRODUCTION 
 
As the scaling of device is advanced, the new 
technology called Silicon-on-insulator technology 
become popular which shows better device 
performance and higher integration densities [15]. 
The continued miniaturization of MOSFET devices 
has investigated the increasing presence of short 
channel effects which affects the performance of the 
device. To increase the performance silicon on 
insulator (SOI) technology is developed [16-17]. Due 
to SCEs the devices faces some serious challenges 
such as decrease in gate controllability over the 
conducting channel due to the proximity of S/D 
regions and increasing gate leakage current. Another 
important issue is hot carrier effect in SOI MOSFETs 
with induced source and drain junctions [3]. In all the 
available types of SOI MOSFETs in addition to the 
SCEs and HCEs, the device performance is also 
affected by other device parameters like thin film 
thickness and doping density, buried oxide thickness, 
substrate biasing, etc. [3]. Hence for further 
downscaling of these devices the hot electron effect 
and SCEs are needed to be suppressed and all the 
parameters for device design must be carefully 
chosen. 
 
This paper represents different techniques which are 
developed to circumvent the increasing short channel 
effect and hot carrier effect. Over the last decade, 
considerable work has been carried out by research 
group to replace classical SOI MOSFET structure for 
improved performance and reduced power 
consumption. To overcome the SCEs and HCEs these 
kinds of devices are developed from partially 
depleted to fully depleted devices [16]. Further 
improvement includes development from single gate 
to multigate junctionless structure to increase gate 
controllability over conducting channel [8-9]. 
Basically the fully depleted devices are turned off by 

full depletion of channel and not by applying reverse 
bias to gate, which is the case for conventional 
MOSFET’s [10]. One of the most popular approaches 
is to have ultra shallow source/drain junctions so as to 
reduce the problems related to sensitivity of these 
junctions [1]. 
 
The problems include steep threshold voltage roll-off 
occurring due to sharing of charges between 
source/drain and channel. Second major problem is 
chiefly attributed to drain induced barrier lowering 
(DIBL), which causes increased off state leakage 
current due to sensitivity of source/channel barrier to 
high drain potential [2-3].We are using most popular 
approach of junctionless transistors to reduce the 
problems related to this device. The junctionless SOI 
MOSFETs are investigated to be helpful for 
extending downscaling of planer CMOS technology 
[18]. Thus a new device structure called fully 
depleted SOI junctionless MOSFET is proposed and 
its effectiveness in reducing SCE’s and hot carrier 
effect is explained.  
 
II. PROPOSED STRUCTURE  

 
The proposed structure of fully depleted EJ-SOI 
Junctionless MOSFET is shown in Fig.1. 
 
The structure consists of three gates, one main gate 
and two side gates. The side gates are actually the 
extensions of main gate. Length of main gate is LM 
whereas side gate is LS. Two side gates are biased 
independently from main gate and induces inversion 
layer. This induced inversion layer act as virtual 
source or drain which are analyzed as very shallow 
source/drain junctions [1-2]. For having junctionless 
structure, the ultra shallow source/drain junctions 
which are difficult to fabricate are removed. Thus the 
entire channel is uniformly doped. 
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Fig.1. Junctionless EJ – SOI MOSFET 

 
Practically it is very difficult to design such an ultra-
shallow source/drain junctions[2]. Hence having a 
junctionless approach is advantageous in many ways. 
The device parameters used for our simulation are 
shown in Table 1. 

 
Table 1: Device parameters used for simulation 

 
 

As shown in Fig.1, td is gate oxide thickness and tf is 
barrier diffusion thickness. Channel thickness is 
indicated by tsi which is also referred as silicon thin 
film thickness and tb is used to denote buried oxide 
thickness. Gate oxide thickness and diffusion barrier 
width is kept equal to 2nm. Channel thickness is 
equal to 10nm to observe improvement in the 
performance. Length of main gate is kept equal to 
side-gate length which is 20nm in this case. Channel 
is uniformly doped with doping density 6×106 cm-3. 
As the device parameters are less than 100nm, these 
types of devices are facing short channel effects. This 
device structure is mainly affected by side gate 
length, side gate bias, thin film thickness and 
controllability of main gate over conducting channel. 
These effects are investigated and compared with 
standard EJ-SOI structure with junctions. 2-D device 
simulator ‘VisualTCAD’ is used for analyzing device 
performance in various conditions.  
 
III. RESULTS AND DISCUSSION 
 
For observing device performance 2D device 
simulator VisualTCAD is used. Various parameters 
such as surface potential within thin film, DIBL, sub-
threshold swing across device are simulated using 
VisualTCAD in 2D environment. Main gate work 
function is 4.6 and side-gate work function is 4.4 for 
entire simulation. With these work functions 
threshold voltage is 3.1V with side gate voltage of 

0.2V for VDD of 50 mV. Transfer characteristic of 
device for VDD of 1V i.e when the device is in 
saturation condition is shown in Fig. 2 
 

 
Fig.2. Transfer Characteristics at VDD= 1 V 

. 
From above figure it can be observed that leakage 
current is reduced in case of junction less EJ- SOI 
MOSFET. Decreased leakage current seems to 
improve ION/IOFF ratio. Following table shows 
comparisons of ION/IOFF of these devices. Though 
ION/IOFF ratio of proposed structure is less than 
conventional device, its low leakage current is useful 
in fully depleted application. 

 
Table 2: Comparision of ION/IOFF ratio 

 
 
The main factor which contributes to short channel 
effect is DIBL i.e drain induced barrier lowering. In 
short channel MOSFETs drain current is not only 
controlled by gate voltage but also by drain voltage 
which results in DIBL [6]. This 2-D behavior of the 
MOSFET where drain acts as second gate degrades 
the performance of MOSFET’s. For analyzing the 
effect of DIBL on EJ-SOI JLT, we have observed the 
performance of device by varying main gate length as 
well as side gate length. The comparison between the 
performance of conventional EJ- SOI and proposed 
structure for DIBL is plotted in following graphs. 
 

 
Fig.3. DIBL by varying main gate length at VDD=50mV and 

Vgs=1V, VSGS= 0.2V. 
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As shown in above Fig.3 main gate length is varied 
and DIBL is observed for both EJ-SOI JLT and 
conventional EJ-SOI MOSFET. We can show that 
conventional EJ-SOI can suffered more from DIBL 
so it is more prone to short channel effects. Similarly 
we can observe DIBL by varying side gate length 
from Fig. 4. In this case also performance of 
proposed structure is better than conventional device. 
From Fig.4 we can see that EJ-SOI JLT shows better 
performance when side gate length is equal to main 
gate length which is 20nm for this case. 
 

 
Fig.4. DIBL by varying side gate length at VDD=50mV and 

Vgs=1V, VSGS= 0.2V. 
 
These types of devices are also affected by side gate 
biasing and thin film thickness. The graph shown in 
Fig.5 is to observe the effect of side gate biasing on 
threshold voltage of the device. For observing the 
performance, side gate voltage is varied from 0.2V to 
1V and corresponding changes are observed in 
threshold voltage. 

 
Fig.5. Threshold voltage variation by varying side gate voltage 

at VDD=50mV and Vgs=1V, VSGS= 0.2V. 
 
From above graph we can easily observe that 
threshold voltage decreases with side gate voltage. 
Hence if the side gate is biased with high voltage it 
leads to immature turning on of the device. We can 
see that for side gate voltage variation, EJ- SOI JLT 
shows less variation in threshold voltage with respect 
to conventional EJ- SOI. Another parameter from 
which threshold voltage gets affected is thin film 

thickness. The effect in threshold voltage change by 
varying thin film thickness is observed in following 
Fig.6. 

 
Fig.6. Threshold voltage variation by varying thin film 

thickness at VDD=50mV and Vgs=1V, VSGS= 0.2V. 
 
From above graph we can observe that EJ- SOI JLT 
shows less variation in threshold voltage than 
conventional structure. We can see that for 
conventional structure threshold voltage variation can 
reach in negative region which is not at all 
recommended.  
One of the most important parameter to analyze 
performance of EJ- SOI MOSFETs is surface 
potential. In the following figures Fig.7 and Fig.8 
surface potential in channel for different drain 
voltages are plotted. For observing surface potential 
Vds is kept equal to 2V, side gate voltage is 0.2V, 
and main gate is kept at 0V to observe the effect of 
side gate bias. 
 

 
Fig.7. Surface potential in channel for EJ-SOI JLT with Vds= 

2V, VSGS= 0.2V, VMGS=0V.  
 

 
Fig.8. Surface potential in channel for conventional EJ-SOI 

with Vds= 2V, VSGS= 0.2V, VMGS=0V.  
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As shown in Fig. 7, which is surface potential in 
channel for proposed structure, surface potential 
variation is less towards drain with respect to 
conventional structure. For conventional EJ-SOI 
variation in potential towards drain is more which is 
shown in Fig. 8 to which we can also say high 
electric field near drain. This variation leads to large 
threshold voltage variation which is harmful for 
device. So we can observe the effect of having the 
junctionless structure is useful in many ways. 
 
CONCLUSIONS 
 
Junctionless EJ- SOI structure which is simulated 
using VisualTCAD has tri-gate structure with 
removed source/drain junctions. This device has 
threshold voltage of 0.31V with side gate voltage of 
0.2V. Under varying side gate length, side gate bias 
and thin film thickness there is less variation in 
threshold voltage i.e threshold voltage is under 
control as compared to conventional EJ-SOI. The 
device also has less effect of DIBL for channel length 
less than 30nm. By having a junction-less approach 
for EJ-SOI MOSFET, the device performance is 
seems to be improved. Mainly surface potential in the 
channel is observed to be improved. 
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