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ABSTRACT 
 

With the growth of the MOSFET technology, the size of the transistor becomes smaller which 
can lead to Short-Channel Effects (SCEs). In order to address the SCEs, multi-gate transistor 
such as Fin Field-Effect Transistor (FinFET) has been invented. Meanwhile, it is found that the 
conventional transistor with junctions also has its drawbacks and limitations due to the 
decrease in the gate length. The SCEs can occur and affect the overall performance of the 
device with lower switching times and lower current density . In order to address these 
limitations, new structure of transistor without junction known as a junctionless (JL) 
transistor has been proposed. In this work, the impact of uniform versus non-uniform doping 
concentrations, fin height (Hfin) and fin width (Wfin) in JL-FinFET were investigated by using 
Technology Computer Aided Design (TCAD) Tools. It was found that non-uniform doping 
concentration of 4 x1018 cm-3 for the source/drain and of  4 x1017 cm-3 for the channel, 
together with Hfin of 20 nm and Wfin of 4 nm provide the best electrical performance of Ioff = 
6.45 x10-17 A, Ion = 6.14 x10-6 A, Ion/Ioff = 9.52 x1010 and DIBL = 11 mV/V. The outcome of this 
research work can be used as a basis to understand JL-FinFET biosensors for medical 
applications and more complex JL structures.  
 
Keywords: Junctionless Fin Field-Effect Transistor (JL-FinFET), Non-Uniform Doping, 
Short-Channel Effects  
 
  

1.  INTRODUCTION  
 
According to Moore’s Law, the number of transistors will double in every 18 to 24 months. 
With the growth of the MOSFET technology, the size of the transistor will become smaller 
(downscaling), which can lead to Short-Channel Effects (SCEs). SCEs arise when the close 
proximity between the source and the drain causes the gate to lose control of the potential 
distribution and the flow of current in the channel region. With shorter gate length Lg, the 
depletion regions of high electric fields associated with the source and drain regions started to 
interact with each other, causing direct carrier transport between the source and drain. This 
reduces control of the gate over the channel and in turn, give rise to off-state current (Ioff), lower 
threshold voltage (Vth) and degradation in the Subthreshold Slope (SS) and Drain-Induced Barrier 
Lowering (DIBL).  
 
In order to address the SCEs, multi-gate transistor such as Fin-Field Effect Transistor (FinFET) 
serves as one of the alternatives. Figure 1a shows an example of a MOSFET, where the current 
conduction between the source and drain is controlled by a voltage applied to the gate (VG) 
terminal. When a voltage is applied across a MOS structure, it modifies the distribution of charges 
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(either holes or electrons) in the semiconductor. Meanwhile, Figure 1b shows an example of a 
FinFET structure. In FinFET, the channel is surrounded on three sides by the gate, which allows 
for greater electrostatic control. The FinFET devices have significantly faster switching times and 
higher current density than planar CMOS technology. The working principle of a FinFET is similar 
to that of a conventional MOSFET. Various studies on the impact of FinFET parameters have been 
carried out. In [1], it was found that DIBL reduces with the reduction in fin width whereas in [2], it 
was found that low leakage current and high Ion/Ioff ratio can be obtained with small Wfin and Hfin. 
 
 

 
                                                                  (a)                                                           (b) 

 
Figure 1. (a) Three-dimensional view of an MOSFET (b) FinFET device 

 
Meanwhile, it is also found that the conventional transistor with junctions also has its drawbacks 
and limitations due to the decrease in the length of the gate. In order to address these limitations, 
new structure of transistor which is known as a junctionless FET (JL-FET) has been proposed, 
where it has a much simpler manufacturing procedures since there are no requirement for doping 
concentration gradient between the channel and the source/drain region. JL- FET exhibits a near-
ideal sub threshold slope, exceptionally low leakage currents, and reduced mobility deterioration 
with gate voltage and temperature [3][4]. It facilitates the production of transistors smaller than 
10 nm. There are two fundamental prerequisites for making JLTs: the transistor channel must be 
considerably doped to begin with, and the channel thickness must be in nanoscale. As there are 
many factors that affect the performance of a JL-FET, this work embarks on studying the impact 
of various parameters such as the doping concentrations, fin height, Hfin and fin width, Wfin on 
the performance of a JL-FinFET.  
 
 
2. METHODS  
 
In this work, ATLAS 3D was being used to simulate the semiconductor device structure. In order 
to validate the simulations being carried out in this work, an initial simulation was first performed 
by referring to [5]. Some of the physical models being used include the Band Gap Narrowing (bgn) 
model, the Shockley-Read-Hall recombination model (srh) using fixed lifetimes and Auger 
recombination model (auger) for carrier concentration dependent. The Lombardi (cvt) model for 
the inversion layer and the ballistic mobility model for a physical gate length smaller than 10 nm 
were also employed in this simulation. The result of the validation can be seen in Figure 2 where 
the results of the off-state current, Ioff  and the on-state current, Ion obtained were found to be 
comparable with the results obtained in [5]. 
 

 

https://en.wikipedia.org/wiki/Switching_time
https://en.wikipedia.org/wiki/Current_density
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Figure 2. Plot of log Id-Vg obtained from the initial validation simulations. 

 
Upon successful completion of the validation simulations, the work proceeded to study the 
impact of doping concentrations, fin height (Hfin) and fin width (Wfin) on the JL-FET. Parameters 
used in the simulations are shown in Table 1. For the doping simulations, firstly the uniform vs 
non-uniform doping was studied. For uniform doping, the source, drain and channel have 
identical doping concentrations of 4 x1018 cm-3, whereas for non-uniform doping simulations, 
the channel concentration is set to 4 x1017 cm-3. Meanwhile, the variations in Hfin are of 20 nm, 
30 nm and 40 nm whereas the variations in Wfin are of 4 nm, 8 nm and 12 nm respectively. Figure 
3 shows the simulated structure used in the simulations with the corresponding Hfin and Wfin. 
The basis of choosing the device physical parameters in this work are based on parameters 
adopted in other research work [6][7]. 

 
Table 1 Parameters used in the simulations 

 

Parameters Values 

Gate length, Lg            10 nm 

Gate oxide thickness, Tox            0.6 nm 

Source/drain doping, NS/D  4 x 1018 cm-3  

Fin height, Hfin 20 nm (initial), 30 nm, 40 nm 

Fin width, Wfin 4 nm (initial), 8 nm, 12 nm 

 
 

 
 

Figure 3. Simulated JL-FinFET structure.   
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3. RESULTS AND DISCUSSION 
 
3.1 Results for Uniform vs Non-uniform Doping 
 
Figure 4 shows the results of Id-Vg for uniform vs non-uniform doping concentrations. It can be 
seen that the non-uniform doping concentration shows a slightly lower off-state leakage current, 
Ioff of of 6.45x10-17 A as compared to uniform doping concentration of 1.2x10-16 A. This is in 
agreement with [8] where it was found that non-uniform doping JL- FinFET has better control on 
the SCEs as compared to uniform doping JL-FinFET. This is because, as the doping concentration 
in the channel in non-uniform doping is low, the depletion of electrons in the fin during the OFF 
state is greater than in any other doping configurations. From the results obtained, further 
simulations which focus on the impact of different configurations of non-uniform doping 
concentrations only were continued. 
 

 

                                                  
 

Figure 4. Plot of log Id-Vg for transistors with uniform vs non-uniform doping  concentrations. 

 
3.2 Results for Various Configurations of Non-uniform Doping Concentrations 
 
Various configurations of non-uniform doping concentrations as shown in Table 2 were 
simulated, where the source and drain concentrations were set to be identical while the channel 
doping concentration was varied. Results obtained were tabulated in Table 3 while the 
corresponding plot of log Id-Vg obtained were shown in Figure 5.  
 

Table 2 Different configurations used in the simulations of non-uniform doping concentrations 
  

Structure Source Drain Channel 

A 4 x 1019 cm-3 4 x 1019 cm-3 4 x 1017 cm-3 

B 4 x 1018 cm-3 4 x 1018 cm-3 4 x 1017 cm-3 

C 4 x 1019 cm-3 4 x 1019 cm-3 4 x 1018 cm-3 

D 4 x 1019 cm-3 4 x 1019 cm-3 4 x 1019 cm-3 

 
 
 
 
 
 
 



International Journal of Nanoelectronics and Materials 
Volume 16 January 2023 [187-194] 

191 
 
 

Table 3 Results obtained for different configurations of non-uniform doping concentrations of JL-FinFET 
  

Parameters Structure A Structure B Structure C Structure D 

Ion (A) 3.92 x 10-5 A 6.14 x 10-6 A 5.11 x 10-5 A 6.16 x 10-6 A 

Ioff (A) 3.36 x 10-14 A 6.45 x 10-17 A 5.05 x 10-14 A 6.52 x 10-14 A 

Ion/Ioff 1.17 x 109  9.52 x 1010  1.01 x 109 9.45 x 107 

DIBL (mV/V) 63 11 53 21 

 
 

 

Figure 5. Plot of log Id-Vg for different configurations of non-uniform doping in saturation mode at 
Vd=1 V. 

 
From Table 3, it can be seen that Structure B clearly outperforms the others, with the lowest 
leakage current, Ioff = 6.45 x10-17A, the highest Ion/Ioff ratio= 9.52 x1010, and DIBL of 11 mV/V. The 
Ion/Ioff values are observed to be lower for low doping concentrations in the channel of JL-FinFETs 
due to electron crowding is comparatively low, reducing impurity scattering produced by 
Random Dopant Fluctuation (RDF) which is in agreement with [8]. From the results obtained, 
Structure B was chosen to further see the impact of various Hfin and Wfin on the performance of 
the JL-FET. 
 
3.3 Results for Variations of Fin Height, Hfin (Structure B) 
 
The simulations then proceed to see the impact of variations of Hfin on Structure B. Figure 6 and 
Table 4 show the results of various Hfin on a non-uniformly doped JL-FinFET at Lg =10 nm, Wfin =4 
nm, and Vd = 1V. From the results shown in Table 4, it can be seen that the impact of variations in 

Hfin were quite negligible towards Ioff and Ion. However, the variations in Hfin give a big impact 
towards the results of the DIBL with Hfin of 20nm shows the best results in terms of the lowest 
DIBL.  
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 Figure 6. Plot of log Id-Vg for various fin height, Hfin in saturation mode at Vd=1 V for 
Structure B JL-FinFET. 

 
Table 4 Results obtained for various fin height, Hfin for Structure B JL-FinFET 

  

Parameters Hfin = 20 nm Hfin = 30 nm Hfin = 40 nm 

Ion (A) 6.14 x 10-6 A 8.74 x 10-6 A 1.13 x 10-5 A 

Ioff (A) 6.45 x 10-17 A 6.67 x 10-17 A 8.70 x 10-17 A 

Ion/Ioff 9.52 x 1010  1.31 x 1011  1.30 x 1011 

DIBL (mV/V) 11 15 21 

 
3.4 Results for Variations of Fin Width, Wfin (Structure B) 
 
Lastly, the impact of fin width, Wfin variations towards the device performance  of structure B at 
fixed Hfin of 20 nm were studied. Figure 7 shows the impact of variations of Wfin of 4, 8, and 12 nm 
respectively at Lg=10 nm in terms of plot of log Id-Vg. It can be seen from Table 5, that Ion and Ioff 
are very sensitive to the variations of fin width, Wfin. The Ion/Ioff ratio reduces with the increase in 
Wfin. In terms of DIBL, Wfin=4 nm shows the best DIBL, followed by Wfin=8 and 12 nm respectively. 
It could be seen that decreasing the Wfin provides lower Ioff and superior electrostatic performance 
of DIBL  which is in agreement with [9].  
 

 

 
  

Figure 7. Plot of log Id-Vg for various fin width, Wfin in saturation mode at Vd=1 V for Structure B  
JL-FinFET. 
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Table 5 Results obtained for various fin width, Wfin for Structure B JL-FinFET 
  

Parameters Wfin = 4 nm Wfin = 8 nm Wfin = 12 nm 

Ion (A) 6.14 x 10-6 A 1.13 x 10-5 A 1.64 x 10-5 A 

Ioff (A) 6.45 x 10-17 A 1.28 x 10-15 A 3.36 x 10-14 A 

Ion/Ioff 9.52 x 1010  8.83 x 109  4.88 x 1018 

DIBL (mV/V) 11 32 63 

 
 
4. CONCLUSION 
 
In this work, implications of various doping concentrations, fin height (Hfin) and fin width (Wfin) 
on the electrostatic performance of a JL-FinFET were investigated. It was found that a non-
uniform doping concentration has better control on the results of Ioff and DIBL as compared to 
uniform doping concentration. Later, it can be further seen that the variations of different 
configurations of non-doping concentrations also affect the device performance, where among 
the 4 structures simulated (Structure A, B, C and D), structure B which has a non-uniform doping 
concentrations of 4 x1018 cm-3 for source and drain and 4 x1017 cm-3 for the channel shows the 
best results. In terms of variations of Hfin and Wfin, it was found that Hfin of 20 nm and Wfin of 4 
nm give the best results of Ioff = 6.45 x10-17 A, Ion = 6.14 x10-6 A, Ion/Ioff = 9.52 x1010 and DIBL = 
11 mV/V.  
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