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ABSTRACT: As the scaling of the conventional MOSFET is increasing, the device is approaching the fundamental 
limits. Hence there is the need for the alternative device to substitute the conventional MOSFET. The TFET is the most 
promising device which shows convincing performance as it has high Ion and can achieve lower subthreshold swing 
than 60mV/dec as compared to MOSFET device. The main@objective of this paper is@provide the@understanding of 
the two different configuration of DG-TFET devices such as Si-based TFET and InAs TFET to achieve better 
performance for low power applications. The design and analysis is performed on these devices using Sentaurus TCAD 
tool. The InAs homojunction TFET device shows the better result that conventional TFET device. This makes it more 
suitable for low power applications.  
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I.INTRODUCTION 

The need for faster and more energy efficient computing devices has been a constant motivation for scaling 
MOSFETs down. This is primarily a result of the short channel effects that emerge due the fundamental physics 
governing the operation of MOSFETs. These effects lead to major difficulties while implementing low-standby power 
MOSFET devices [1, 2]. Another problem with MOSFETs, is the limitation of SS of the device to a minimum of 60 
mV/decade. Reduction of SS of the device below this fundamental limit becomes imperative for improved switching 
action of the transistor. 

These#limitations#have#inspired#researchers#to# explore#other@transistor@device@structure@to substitute 
the@traditional@MOSFETs. A@promising@candidate@is the@Tunnel Field Effect Transistor (TFET). A TFET is a 
gated@p-i-n junction@that is operated in reverse bias [3-5]. Majority@carriers are injected from the source to the 
channel@through@quantum@mechanical@Band-to-Band Tunneling (BTBT).This@improves@the@fundamental 
limitation@of a minimum SS of 60@mV/decade, allowing TFETs to have@SS as low as 20@mv/decade [6]. Although 
variety of TFET@device models@have been@proposed and continued to@develop fundamental parameters @such as 
sub-threshold@swing and threshold@voltage(Vt), are still not properly@defined for TFETs as they are for 
conventional@inversion mode@MOSFETs. This paper provides the comparative analysis of two different types of 
TFET devices such as Si based TFET and III-V semiconductor based TFET device. 

II.SUBTHRESHOLD SWING 

Subthreshold swing in TFETs is defined in the same way as it is done in MOSFETs which means that it is the 
gate voltage which must be applied with respect to source so as to increase#the#drain#current by one decade. A 
formula for calculating the subthreshold swing of TFET is proposed in [7]. This formula shows that SS of TFET is not 
limited to 60mV/decade. Mathematically Subthreshold Swing (SS) can be expressed as- 
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The subthreshold swing of MOSFET is limited to 60#mV/dec at T=300K (room@temperature) and this limitation can 
be overcome in TFETs which rely on interband tunneling via barrier width modulation rather than the formation of 
weak inversion channel between source and drain. Point sub threshold swing is the smallest#value of the 
subthreshold@swing on the ID-VG curve and on the other hand average subthreshold swing 
is calculated from the#point#where the#device#starts to turn on up to the threshold point (defined using constant 
current method [8,9]). The subthreshold swing in TFET is strongly dependent on the gate bias and for analyzing the 
switching performance it is better to consider average subthreshold swing rather than the point subthreshold swing.     
Literature indicates that the inherent issue of lower 
tunneling current that exists in silicon because of relatively higher energy band gap and lower effective tunneling mass 
has encouraged the designers to deploy lower band gap materials for the fabrication of TFET. Materials like Ge, InAs, 
GNRs, Heterojunction materials (SiGe/Si, AlGaSb/InAs, AlGaAsSb/InGaAs) etc. leads to a significant increase in the 
on current of TFET.[19,20,21] 

 
III. TFET DEVICE STRUCTURE AND ITS OPERATION 

 
The basic TFET consists of p-i-n diode structure where the gate is covered by intrinsic region. The figure 1 

shows the double gate TFET structure where P+ source region, N+ drain region and intrinsic gate region. This p-i-n 
configuration helps in tunneling of the electrons between P+ source to intrinsic gate region.[15,17,18] 

 

 
Fig 1. Basic DTFET device structure. 

 
 
The functionality of the device is dependent on the gate voltage applied so as to buildup the electron near 

intrinsic region. The current flow in TFET is caused due to phenomenon called as Band to Band Tunnelling(BTBT).By 
applying gate bias the electrons move from valance band of P-type region  to conduction band of intrinsic region by 
bringing the conduction band to the line of valance band as shown in Fig 2.[13,,16] 

 

 
Fig 2. BTBT of TFET. 
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IV. RESULT AND DISCUSSION 
 

A. Si-based Double gate TFET Device: 
 

Two-Dimensional Double gate TFET device is constructed and the simulations were performed using 
Synopsys Sentaurus TCAD[14]. The parameters used for constructing this device is as shown in table 1. and the 
Double gate  TFET device construction is as show in Fig 3. 
 

 
Parameters Values 

Gate length(Lg  ) 20nm 

Source#doping#concentratio
n 

1e+20/cm3 

Drain#doping#concentration 5e+18/cm3 

EOT 0.4nmSiO2+0.6HfO2 

Body Thickness 5nm 

Table 1. Device Parameters. 
 
 

 
 

Fig 3. DTFET structure in Sentaurus TCAD. 
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Fig 4. Id Vg characteristics of Si-based  DTFET. 

 
The Id Vg characterisctics of Si-based TFET device is shown in Fig 4. Where Ion=0.25uA/um, 

Ioff=1.42fA/um, Ion/Ioff= 108,Vt=0.747V and subthreshold swing= 48.45mV/dec.The performance of the TFET 
device depends on the different parameters such as source doping concentration, drain doping concentration and High-k 
dielectric materials used. 

 
B. Effect of High-K#dielectric: 

 
As the gate#oxide becomes#thinner, the gate has better control@over@the@channel. Hence, the high-k#dielectric 

material helps to reduce the effective oxide#thickness as it has the larger dielectric constants. Meanwhile, the high-k 
material increases the the ON-state current and lowers the SS.[11] Fig 5 .shows the Id-Vg characteristics of DTFET 
device with different@dielectric@materials such @as SiO2, Si3N4#and#HfO2.HfO2 shows the better ON current than 
two of them as it has higher dielectric constant. 

 
Fig 5.Id Vg curves of DTFET for different dielectric constants, 

C. Effect of source and drain doping: 
 

The source doping plays a very important role in increasing the ON current and lower SS of TFET device. As 
source doping increases the Ion also increases because the electric field at tunneling region is increased and 
subthreshold swing decreases.[11] 
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 Though the drain doping has not much effect on ON current, but lower the drain doping reduces the OFF current. If 
drain doping level is same as that of source doping level, then there is an undesirable condition caused which is called 
as ambipolar current.[10,12] To overcome this condition relatively low drain doping level must be chosen. 
 

D. InAs TFET Device: 
 

The InAs TFET device is constructed using the same parameters as used for Si-based TFET device. This is a 
homojunction TFET device as it has InAs material in all source, gate and drain.To boost the ON current of the device 
the lower band gap materials can be used instead of Si-based TFET device. The lower band gap material such as InAs 
is used for Source, drain and channel which increases the tunneling hence, the ON current and subthreshold swing of 
TFET device is improved. 

The Fig 6 shows Id Vg characteristics of InAs based DTFET device where Ion=0.128mA/um, Ioff=8.24e-10A/um. 
Table 2. Shows comparative results of Si-based TFET and InAs TFET device. 

 
 Si-based TFET InAs TFET 
Ion 0.256uA/um 0.128mA/um 
Ioff 1.425fA/um 8.24e-10Aum 
Ion/Ioff 108 105 

Vt 0.747V 0.684V 
Subtreshold 
swing 

48.457mV/dec 42.16mV/dec 

Table 2. Comparison of results of Si-based TFET and InAs TFET. 

 
Fig 6. Id Vg Characteristics of InAs TFET device.  

 
The InAs TFET device shows the improved ON current and subthreshold swing as compared to Si-based 

TFET. As the InAs material has lower energy band gap (0.45eV) as compared to silicon (1.1eV).This shows the 
significant improvement in subthreshold swing value of 42.16mV/dec.Hence this device configuration has promising  
performance which is idle candidate for low power high performance applications. The Fig 7. shows the combined 
curve of Si-based TFET device and InAs TFET device. 
 

http://www.ijareeie.com


 
    
    ISSN (Print)  : 2320 – 3765 
    ISSN (Online): 2278 – 8875 

International Journal of Advanced Research in  Electrical, 
Electronics and Instrumentation Engineering 

(A High Impact Factor, Monthly, Peer Reviewed Journal) 

Website: www.ijareeie.com  

Vol. 7, Issue 9, September 2018 
 

Copyright to IJAREEIE                                                         DOI:10.15662/IJAREEIE.2018.0709012                                           3680  

 
Fig 7.  Combined curve for both Si-based TFET and InAs TFET configuration. 

 

V.CONCLUSION 

This paper investigate the device performance of the two different configuration i.e. Si-based TFET and InAs 
TFET device. According to the experimental results conducted InAs TFET device configuration shows the best 
performance on subthreshold swing as it can achieve the value of 42.16mV/dec and ON current as compared to Si-
based TFET device. The TFET device shows tremendous improvement to become potential candidate to replace 
MOSFET for low power high performance applications. 
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