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Abstract— This paper investigated the comparative study of L-shaped Tunnel Field Effect Transistors 

(TFETs) and U-shaped TFETs. The effect of temperature has been studied for both device characteristics 

in terms of surface potential, electric field, and transfer characteristics.The ON current, as well as OFF 

current of L-shaped and U-shaped TFETs structure, shows the enhanced performance due to large area of 

channel length. The addition of n-type pocket under the source enhances the ON current and OFF current 

of both the devices. L-shaped and U-shaped TFETs structure, both, are easy to fabricate and cost-effective 

due to the use of already established Si technology. In next-generation devices, the superior performance 

of L-shaped and U-shaped TFETs structure makes them a promising contender for low power 

applications. All the simulation has been d done using Atlas Silvaco TCAD software. 

I. INTRODUCTION 

For next-generation integrated circuits, Tunnel Field Effect Transistors (TFETs) act as promising 

successors of MOS devices [1]-[5].In MOS devices, thesubthreshold swing (SS) cannot lower 

than 60 mV/dec due to thermionic emission transportation of charge carrier which becomes the 

limitation of MOS transistors [6]-[7]. TFETs could achieve SS less than 60 mV/decade by using 

band-to-band tunnelling (BTBT) at room temperature. The lower SS of TFET makes the device 

suitable for low power applications. This advantage of TFET makes it a popular alternative 

device but it is very hard to utilize in real-world applications.The inherent property of TFET due 

to asymmetric drain and source structure, which brings problems in circuit-level designing. 

Unlike MOS transistors, TFETs is unidirectional current path because of asymmetric 

source/drain design.Some researchers studied TFET and gave the theoretical prediction that it 

suffers from low ON current and high SS due to lower BTBT rates [8]-[9]. 

In addition, BTBT between the drain region and channel region enhancesthe OFF current of 

TFET due to increases in ambipolarity. Many researchers have been studied various 
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techniqueslike-new device structure [10]-[12] to overcome the disadvantages of TFETs [13]-[17] 

,like-new device design such as new device structures and heterojunction to improve the ON 

current.To get large BTBT, Ref [18] reported an L-shaped TFET with mesa-shaped p-type 

source and intrinsic Si is situated between the source region and gate dielectrics. However, L-

shaped TFET gives high ON current and low SS then also there are issues of hump 

characteristicsthat gives enhancement in OFF current and decrease SS of the device [19]. The U-

shaped TFETs with SiGe as the source is reported in [20] to increase the ON current, get small 

SS and decrease OFF current.  

In this work, L-shaped and U-shaped TFETs are compared in terms of surface potential, electric 

field, and transfer characteristics. The variation of temperature has been done to analyze different 

parameters forU-shaped and L-shaped devices. The addition of n-type pocket under the source 

enhances the ON current and OFF current of both the devices. L-shaped and U-shaped TFETs 

structure, both, are easy to fabricate and cost-effective due to the use of already established Si 

technology.  

II. PROPOSED DEVICE STRUCTURE  

Figure 1 shows Si-based L-shaped and U-shaped TFETswithpolysilicon gate material of 14 nm 

gate length.  

 

 

 

(a) 
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(b) 

Fig. 1.  Schematic view of Si-source based (a) L-shaped TFET (b) U-shaped TFETfor different temperatures. 

 

The source is considered as p-type and drain region is of n-type material, whereas the channel 

region is the intrinsic type of material. In TCAD simulations, the concentration used to dope 

source, pocket, drain, and channel are 1x1021 cm
-3

, 1x1019 cm
-3

, 1x1019 cm
-3

, and 1x1015 cm
-3

, 

respectively. The HfO2 is used as the gate oxide material Si3N4 is used as spacer material. The 

length of channel region, source region, and gate region are considered as 14 nm, 30nm, and 30 

nm, respectively. The phonon-assisted BTBT generates the non-local generation rate of holes as 

well electrons which is represented by non-local BTBT model. The non-local BTBT model 

which is present in Atlas Silvaco TCAD is used for the device simulation. 

III. SIMULATION RESULTS AND DISCUSSION 

This section studies the behavior of both devices in terms of surface potential, electric field, and 

transfer characteristics. Comparison ofSi-source based L-shaped TFET andU-shaped TFET is 

shown in Fig. 3. It is clear from the plot that U-shaped TFET shows better performance than the 

L-shaped TFET. The ION/IOFF ratio of the U-shaped TFET is 10
7
. The drain voltage used for all 

the simulation study is VDS= 0.8 V. 

 



THINK INDIA JOURNAL                                                 ISSN: 0971-1260 

                                                                                                                                                                   Vol-22-Issue-17-September-2019 

  

P a g e  | 2887  Copyright ⓒ 2019Authors 

 

Fig. 2.Comparison of transfer characteristics of L-shaped TFET and U-shaped TFET. 

 

(a) (b) 

Fig. 3. Surface potential vs. distance of the channel of Si-source based (a) L shaped TFET (b) U shaped TFET for 

different temperature. 

The surface potential vs. channel distance of L-shaped TFET is shown in Fig. 3(a). As the 

temperature varies from 300 k to 500 K, after channel distance 0.4 nm, the surface potential 

decreases with the increase of channel distance and due to which the drain current of the device 

also reduced, as shown in Fig. 2.Fig. 3(b) shows that the surface potential increase as the 

temperature increases from 300 K to 500 K and hence, increases the drain current of the device. 
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(a) (b) 

Fig. 4. Electric field vs. distance of the channel of Si-source based (a) L shaped TFET (b) U shaped TFETfor 

different temperature. 

Fig. 4 shows the electric field vs. distance of the channel of Si based L shaped TFET and U 

shaped TFET for different temperatures. The peak of the electric field is large and sharp for U-

shaped TFET and is smaller and not sharp for L-TFET. 

 
(a) 
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The drain current versus gate voltage variation is shown in Fig. 3. This figure is mainly focused 

on the OFF current of the both devices. In L-TFET, the OFF current is quite good for room 

temperature i.e., 300 K. But, as the temperature increases from 425 K, the leakage is more and 

the OFF current decreases without more the ON current, as shown in Fig .5(a).  

In U-TFET, the effect of temperature variation is less for drain current, as show in Fig 5 (b). As 

the temperature varies from 300 K to 500 K, the leakage current is lee in comparison to U-

shaped TEFT. 

 
(b) 

Fig. 5.  Drain current vs. gate voltage of Si-source based (a) L shaped TFET (b) U shaped TFET for different 

temperature. 

IV. CONCLUSION  

In this paper, a comparative study of L-shaped Tunnel Field Effect Transistors (TFETs) and U-

shaped TFETs have been done. The surface potential, electric field and transfer characteristics of 

both devices, i.e., L-shaped and U-shaped TFETs have been studied in terms oftemperature. The 

extension of physical channel length enhances the ON current as well as suppress the OFF 

current of L-shaped and U-shaped TFETs.Further improvement in U-shaped and L-shaped TFET 

has been done by adding n-type pocket under the source region. Both structures (L-shaped and 



THINK INDIA JOURNAL                                                 ISSN: 0971-1260 

                                                                                                                                                                   Vol-22-Issue-17-September-2019 

  

P a g e  | 2890  Copyright ⓒ 2019Authors 

U-shaped TFETs), are easy to fabricate and cost-effective due to the use of already established Si 

technology. In next-generation devices, the superior performance of L-shaped and U-shaped 

TFETs structure makes them a promising contender for low power applications. The Atlas 

Silvaco TCAD software-based simulation results show that the U-shaped TFETs are superior to 

L-shaped TFETs. 
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