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Abstract—In comparison to MOSFET much superior in terms of Electrostatic properties and 

manufacturability. In today scenario FinFETs are acknowledged as the most promising technology for 

developing the low power based VLSI Circuit. Most challenging aspect in the MOSFET designing to scale 

down the device to below 20nm but this challenge can easily overdrive by using the FinFET for minimizing 

the leakage current to enhance the performance of the VLSI circuits. In this paper, proposed a two design of 

FinFETs at scale of 20nm & 14nm in terms of channel length and comparative analysis done on the 

performance basis. In 14nm FinFETs 81% improvement observed as compared to 20nm and 81.6% 

improvement observed in terms of power parameter and Ion /Ioff current ratio of the 14nm FinFET is 10
10

 in 

compared to the 20nm FinFET. Switching speed of the 14nm FinFET high in comparison to 20nm. 

Keywords—Very Large Scale Integration, Drain Induced Barrier lowering, Subthreshold, Oxide thickness, 

Channel Length, Short channel effect, mobility, Drift Current, electrical characteristics, Complementary 

Metal-Oxide-Semiconductors (CMOS). FinFET, high- K dielectric material, threshold voltage. 

1. INTRODUCTION     

In now days, challenging aspect is to reduce the size of the device that degraded the performance of the 

VLSI Circuit. As we decreases the size of the device then one factor, leakage current more dominant that 

effect on the short channel effect in the circuit. This issue more dominant in MOSFET device as its scale 

done on below 45nm. To overcome this challenge, FinFETs act as a most promising technology for 

developing the low power based VLSI circuit [1]. To suppress the leakage current, in FinFET device channel 

can be cover from all around through the gate terminal that restrict the flow of off current when device in 

saturation region [2]. By using of high-k/metal gate material enhance the performance of the FinFETs at a 

next level. Scaling down of the transistor in terms of channel length from 45nm to 7nm is possible due to 

FinFET. FinFET provide a better controllability over the channel through the gate terminal by introducing 

the concept of the Multi-gate. In FinFETs, designer can easily design the double or multigate gate or gate 

around configuration on the device to scale down the transistor size. In short- channel length device, short 
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channel effect more dominant due to reduce in the space between the source terminal and drain terminal of 

the device [3].This paper distributed on the four section. In first section we discuss the introduction part and 

second section based on the literature review. In third section we describe the result discussion & device 

configuration and in last section we concluded the paper. 

2. REVIEW OF THE LITERATURE 

In long channel device, short channel effect is not more dominating but as we scale down the transistor 

size this effector play an important role. In short channel device, as we reduce the distance between the 

source and drain terminal then off current increasing more rapidly in cut-off mode that enhance the short 

effect in the device[4]. To minimize this issue, multigate terminal come into a picture by placing the 

multiple gate around the channel length of the device. This type of structure, introduced the concept of the 

FinFETs technology [5]. To suppress the leakage current in the FinFETs device, introduce the usage of 

the high- k material of dielectric for the gate terminal [6]. With the help of the high-k material of dielectric 

efficiently suppress the short channel effect in the FinFET device [7]. By usage of the high metal work 

function for the contact terminal leads to higher efficiency of the circuit and boast up the performance of 

the device [8]. By the changing the shape of the fins from triangular to trapezoidal leads to enhancing the 

performance of the device [9].  
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FIGURE 1  FINFET OF 20NM CHANNEL LENGTH 

3. RESULT DISCUSSION & DEVICE CONFIGURATION 

A. Proposed Design Structure and material composition  

We designed the FinFET device on the scale of 14nm and 20nm by using the Visual TCAD by the Cogenda. 

In both the design we used the same material so that fair comparison will be done in terms of performance 

of the device. Table 1 shown the configuration of the both the design.  

TABLE 1:Proposed FinFET Parameter 

 

 

 

 

 

 

 

 

 

 

 

                        Figure 2 FinFET of 14nm Channel Length 

 

Figure 2, shown the pictorial view of the 14nm FinFet that designed on the Visual TCAD. Both the design 

simulated on the same experimental condition for analyzing the performance of the proposed FinFET 

device. We vary the current of drain terminal from 0 to 1 V with Step of 0.05 V so that many points can be 

S.No Structural Parameter Value 

A Device Width (nm) 13 

B Fin Height of the Device  (nm) 11 to 13  

C Device Doping Concentration (/cm
3
) 10

15
 to 10

20
 

D Oxide Thickness (nm)               3 to 4 
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recorded. While doing the simulation for the proposed design we kept the temperature of the device at 300 

K and drain voltage at 1V.  

B. Result Discussion  

We simulated both the design from 0 to 1 V at step of 0.05 V for analyzing the Gate voltage vs. drain current 

at 1 V value of drain voltage. 

 

         Figure 3. Gate Voltage vs. Drain Current at Vds (1V) 

       

     TABLE II: Comparison of Gate Voltage Vs Drain Voltage 
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       As per Table II and figure 3, we can analyze the performance of both design. In case of 14nm 

FinFET, off current and on current values in comparison to 20nm on higher side. For analyzing the 

performance of any device Ion current and Ioff current are two crucial parameter for identifying the electrical 

characteristics of the device. In case of 14nm, off current values is 10
-16

 and on current values is 10
-6

. As per 

the on current and off current values, in 14nm design current ratio values also higher that‟s is 10
10

 that boast 

up the switching speed of the device. 

 

         Figure 4. Power vs. Gate Voltage at Vds (1V) 

At 20nm  At 14nm  
0 4.77E-10 2.14E-16 

0.05 2.32E-09 6.25E-16 
0.1 1.05E-08 2.02E-15 

0.15 4.45E-08 7.44E-15 
0.2 1.77E-07 3.02E-14 

0.25 6.28E-07 1.24E-13 
0.3 1.78E-06 5.04E-13 

0.35 3.93E-06 2.04E-12 
0.4 7.33E-06 8.11E-12 

0.45 1.14E-05 3.15E-11 
0.5 1.52E-05 1.19E-10 

0.55 1.92E-05 4.42E-10 
0.6 2.29E-05 1.61E-09 

0.65 2.62E-05 5.78E-09 
0.7 2.89E-05 2.05E-08 

0.75 3.12E-05 7.09E-08 
0.8 3.31E-05 2.32E-07 

0.85 3.48E-05 6.74E-07 
0.9 3.63E-05 1.68E-06 

0.95 3.76E-05 3.62E-06 
1 3.86E-05 7.06E-06 

Drain Current (A) 
Gate Voltage 
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As per figure 4, we can analyze this, power dissipation is minimum in 14nm device in comparison to 20nm 

FinFET. This is due to lesser value of the off current in saturation region that leads to minimum short channel 

effect and reduces the leakage current.                                         

4. CONCLUSION 

In the paper, in this paper, proposed a two design of FinFETs at scale of 20nm & 14nm in terms of channel 

length and comparative analysis done on the performance basis. In 14nm FinFETs 81% improvement 

observed as compared to 20nm and 81.6% improvement observed in terms of power parameter and Ion/ Ioff  

current ratio of the 14nm FinFET is 10
10

 in comparison to the 20nm FinFET. Switching speed of the 14nm 

FinFET high in comparison to 20nm.So 14nm device we can use for designing of IOT based applications. 
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