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Abstract 

‘Compact’, ‘Complex’ and ‘Cost effective’ are the three 

important ‘C’s in today’s electronics era. Scaling down of 

devices is occurring at an exponentially fast rate resulting in 

increased integration density of chip which brings about 

unprecedented complexities in the fabrication process. The 

conventional device structures are not able to withstand the 

miniaturization of dimensions due to a number of limitations 

like increase in power consumption, leakage current, 

subthreshold swing, short channel effects etc. The Tunnel 

FET is a very efficient solution to the problems and can be 

used for low power applications. Band gap engineering is 

considered so as to increase drain current at the same time 

reducing leakage current. The Si-Ge TFET is found to be 

insensitive to temperature and there is an improvement in on 

current. The simulation tool used is Sentaurus TCAD with the 

help of which output characteristic, energy band diagram and 

various parameters like electric field, electrostatic potential, 

current density and lattice temperature are obtained. 

Keywords: Electric field, electrostatic potential, current 

density, lattice temperature 

 

I. INTRODUCTION  

It becomes highly essential to reduce the power consumption 

of the electronic circuits. [1]. Researchers are finding new 

device architecture and new materials to replace or modify the 

present technology thus improving its complexity and 

frequency. The industry is getting ready for the post silicon 

era with emerging materials such as III-V compounds and 

carbon and a number of innovative de vice architectures. The 

TFET is considered to be a low power device and offers steep 

subthreshold slope, and allows threshold voltage and VDD 

scaling beyond CMOS limits. As the density of devices keeps 

increasing, the operating voltage has to be lowered down 

proportionally to make the power consumption per unit area 

constant. The thermionic emission of carriers over a channel 

barrier, has imposed fundamental limits on voltage scaling 

and reduction of power dissipation. The operating voltage can 

be controlled by the subthreshold swing (SS). TFET device 

simulated here uses a doping less Si-Ge material as source and 

drain and Si as channel. 

The various disadvantages of TFET like very low on/off 

current ratio and low on current due to less sensitivity to 

electric field as potential between channel and source 

increases[3]. Here lower bandgap material Si-Ge is used as 

source and drain so as to improve on current. Also doping less 

materials are taken so as to reduce the random dopant 

fluctuations (RDF) to reduce the off current. 

 

II. TFET STRUCTURE AND WORKING 

The TFET is a transistor which obeys the principle of electron 

band to band tunneling. It can act as a switch in on and off 

conditions at lower voltages compared to that of MOSFET, so 

TFET can be used in low power consumption of electronic 

devices for large scale integrated circuits. The current through 

the tunnel FET is smaller than the current through the 

MOSFET and has been an issue for practical tunnel FETs. The 

tunnel FET with the new architecture uses a new channel and 

electrode structure to allow a higher electric field to be applied 

at a specific gate voltage. The developed tunnel FET is 

expected to help to reduce the power consumption of large-

scale integrated circuits (LSIs). A major challenge in TFET is 

to achieve a reasonable on current. 

When a gate voltage is applied to the gate electrode of a tunnel 

FET, the width of the barrier between the source and the 

channel decreases owing to the effect of the electric field. As a 

result, the electrons pass through the barrier because of the 

tunneling effect and current flows through the transistor. Based 

on this principle, the tunnel FET can switch the current on and 

off at a lower voltage than that of conventional MOSFETs. 

The very fast switching of the tunnel FET enables design of 

low-power electronic circuits that can operate at lower 

voltages. 

https://phys.org/tags/electric+field/
https://phys.org/tags/integrated+circuits/
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Fig 1. VI characteristic of TFET and MOSFET with respect to 

the tunneling phenomenon [12] 

 Fig.1 shows the comparison in the VI characteristics of the 

TFET and MOSFET devices. The transfer characteristics 

show a sub-60 SS. The value of drain current is much smaller 

than the expected to compete with the CMOS technology. The 

application of positive gate source voltage pulls down the 

channel band profile that increases the charge carrier 

concentration in the channel region. Initially, no BTBT take 

place across the source channel junction and the drain source 

current remains very small. As the gate source voltage pulls 

down the channel conduction band below the source valence 

band BTBT starts across the source channel junction a sharp 

increase in current is observed. Any further increase in gate 

source voltage continues pulling down the channel conduction 

band, until it aligns with the drain conduction band. As a 

result, the SS of TFETs increases with gate source voltage. 

In this work Source and Drain are uniformly doped n type and 

p type materials Si-Ge and the channel is Si. The Si-Ge 

material is of supreme quality and the energy band gap lineup 

at the heterointerface is determined by the strain. The Si-Ge 

films are more stable thermally and can be grown without the 

danger of dislocations. The expected performance 

enhancement comes from the lighter effective mass, reduced 

interval scattering and the possibility of having a better 

heterointerface than that between SiO2 and Si (amorphous 

crystalline interface). This results in improved carrier mobility 

and transconductance. 

 

III. SIMULATION AND RESULTS 

A.  Simulation Technology 

The two-dimensional device simulation is performed using the 

simulation tool TCAD (Technology Computer Aided Design) 

Sentaurus from Synopsis Corporation. It is used for simulating 

both heterostructure and homostructure devices. Advanced 

physical models and robust numerical methods are used for 

simulating the electrical behavior of semiconductor devices. 

The device simulation helps in understanding the physical 

processes occurring in the device structure and the underlying 

physics behind them. This will help in enhancing the 

performance of new generation devices. Sentaurus device 

simulates the structure and output can be visualized using 

SVisual tool. Conditions can be changed and the interiors can 

be visualized using this tool. The Hydrodynamic model is 

more accurate than Drift Diffusion model, since DD model is 

incapable of reproducing the velocity overshoot effects, often 

observed in III-V semiconductor devices with sub-micron gate 

lengths. The effect of hot electrons is not taken into account 

while solving for electron and hole current densities. 

Moreover, it often overestimates the effect of impact 

ionization. Therefore, for sub-micron devices and with short 

gate lengths, Drift Diffusion model shows some discrepancies 

and the Hydrodynamic model may be more appropriate. 

 

Fig 2: TCAD Sentaurus Physical Simulation methodology [7] 

 

B. Simulation Results 

A proper, accurate model for device of interest is crucial to 

help in producing the necessary evaluation and projection of 

the final device performance. The model of TFET in Fig.3 is 

simulated using the TCAD Sentaurus simulation tool. The 

output characteristic, VI characteristic and band diagram of 

TFET is being obtained as shown in Fig.4 and its performance 

is compared with Si TFET. It is observed that the band gap is 

narrowed further due to the undoped Si-Ge material used in the 

source-drain regions. 

 

Fig 3: Structure of TFET with Doping concentration gradient 
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Fig 4. Drain Characteristic, Transfer Characteristic and Energy 

Band Diagram of Si-Ge TFET 

 

There is an excellent increase in drain current with change in 

gate source voltage. The leakage current is also reduced which 

results in better Ion/Ioff ratio. 

Four parameters taken into consideration are the electric field, 

electrostatic potential, lattice temperature and electron current 

density. The simulated results are obtained along the length of 

the device. It is inferred that there is an increase in electron 

current density, electric field and electrostatic potential in the 

channel near the source. The Si-Ge material has an energy 

band gap smaller than Si and controllable by varying the Ge 

content. Band gap engineering is made possible which has a 

tremendous impact on the on current. 

 

 

Fig 5: Variation of Electric Field along the length of TFET 

device 

 

The gate control over the channel increases so that electric 

field intensity is maintained high as in Fig.5.The tunneling 

probability is calculated as a function of this parameter. The 

average subthreshold slope decreases as bandgap decreases. 

 

Fig 6: Variation of Electrostatic potential along the length of 

TFET device 

The electrostatic potential of the device in Fig.6 is found to 

gradually increase towards the drain region and take a steep 

dip towards the drain junction. 

 

Fig 7: Variation of Lattice temperature along the length of 

device 

 

The lattice temperature is observed to be concentrated towards 

the contacts. TFET is capable of working over wide range of 

temperature without much variation in performance. 

 

Fig 8: Electron current density variation along the length of 

device  
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The Electron current density increases to peak values which 

results in increase in drain current as in Fig.8. Thus, at low 

voltages the tunnel FET is an assured candidate which 

provides a good increase in current. 

 

IV.  CONCLUSION  

Conventional MOSFETs are getting replaced by more novel 

devices like the Tunnel FET as it can be used for low powered 

applications, has low subthreshold swing and low off state 

leakage current. The TFET still has a few drawbacks like low 

on state current and RDF effects. The Doping less Si-Ge 

TFET considered here can overcome these disadvantages and 

also improve on current and eliminates the high temperature 

doping and annealing processes during its fabrication. The 

Ion/off ratio can be improved. The TFET is also found to be 

insensitive to temperature variations from the lattice 

temperature profile. 

The proposed structure has the advantages of heterojunction 

material. The on-state current can be improved by using 

smaller band gap material in the source and drain side. The 

operation voltage of the device can be reduced to below 0.5V 

and drain current has performance improvement of above 

200%. Further improvements can be obtained by using 

heterojunction of III – V compounds as materials. 

 

ACKNOWLEDGMENT  

We are grateful to IIST, Valiamala, Trivandrum for having 

given us the lab facility to simulate our results. 

 

REFERENCES 

[1] Kumar, M. Jagadesh, and Sindhu Janardhanan. "Doping-

less tunnel field effect transistor: Design and 

investigation." IEEE Transactions on Electron Devices, 

60.10 (2013): 3285-3290.  

[2] B. Rajasekharan, R. J. E. Hueting, C. Salm, T. van 

Hemert, R. A. M. Wolters and J. Schmitz, ”Fabrication 

and characterization of the charge-plasma diode,”IEEE 

Electron Device Lett.,vol.31,no.6, pp.528-530, june 

2010.  

[3] R.J.E. Hueting, B. Rajasekharan, C. Salm and J. 

Schmitz, ”Charge Plasma P-N Diode,” IEEE Electron 

Device Lett., vol.29, no.12, pp.1367-1368, Dec. 2008. 

[9] L K. Boucart, A. M. Ionescu, "Double gate tunnel 

FET with ultrathin silicon body and high-k dielectric, 

"ESSDERC 2006, pp. 383-386, Montreux 

[4] Desrosiers N, Giguère A, Terreault B, Chicoine M, 

Schiettekatte F. Implantation effects of low energy H 

and D ions in germanium at - 120° C and room 

temperature. Nuclear Instruments and Methods in 

Physics Research Section B: Beam Interactions with 

Materials and Atoms. 2008;266:1971-8. 

[5] Kawase T, Nishitani K, Dei K, Uchikoshi J, Morita M, 

Arima K. Formation of Pyramidal-shaped Etch Pits on 

Germanium Surfaces Using Catalytic Reactions with 

Metallic Nanoparticles in Water. 

[6]  Colinge J-P. Multiple-gate soi mosfets. Solid State 

Electron. 2004;48:897-905. 

[7]     www.sentaurus.dsod.pl 

[8]  R. H. Dennard, F. H. Gaensslen, V. L. Rideout, E. 

Bassous, and A. R.   LeBlanc, “Design of ion-implanted 

MOSFET’s with very small physical dimensions,” IEEE 

J. Solid-State Circuits, vol. 9, no. 5, pp. 256–268, 1974. 

[9]    Y. Taur and T. H. Ning, Fundamentals of modern VLSI 

devices.   Cambridge, UK; New York: Cambridge 

University Press, 1998.  

[10]    A. C. Sea Baugh and Q. Zhang, “Low-Voltage 

Tunnel Transistors for Beyond CMOS Logic,” Proc. 

IEEE, vol. 98, no. 12, pp. 2095– 2110, Dec. 2010. 

[11]    M. Radosavljevic, H. W. Then, and R. Chau, 

“Fabrication, characterization, and physics of III-V 

heterojunction tunneling field effect transistors (H-

TFET) for steep sub-threshold swing,” IEEE Int. 

Electron Devices Meet. Tech. Dig., vol. 2011, pp. 785– 

788. 

[12]   W. Y. Choi, B-G Park, J. D. Lee, and T-J. King Liu, 

“Tunneling Field-Effect Transistors (TFETs) With 

Subthreshold Swing (SS) Less Than 60 mV/dec,” IEEE 

Electron Device Lett., vol. 28, no. 8, pp. 743–745, Aug. 

2007.  

[13]  Z. X. Chen, H. Y. Yu, N. Singh, N. S. Shen, R. D. 

Sayanthan, G. Q. Lo, and D.-L. Kwong, “Demonstration 

of Tunneling FETs Based on Highly Scalable Vertical 

Silicon Nanowires,” IEEE Electron Device Lett., vol. 

30, no. 7, pp. 754–756, Jul. 2009. 

[14]  G. Zhou, R. Li, T. Vasen, M. Qi, S. Chae, Y. Lu, Q. 

Zhang, H. Zhu, J. M. Kuo, T. Kosel, M. Wistey, P. Fay, 

A. Seabaugh, and H. Xing, “Novel gate-recessed vertical 

InAs/GaSb TFETs with record high ION of 180 μA/μm 

at VDS = 0.5 V,” IEEE Int. Electron Devices Meet. 

Tech. Dig., vol. 2012, pp. 777–780. 

[15]  O. M. Nayfeh, J. L. Hoyt, and D. A. Antoniadis, 

“Strained-Si1−xGex/Si band-to-band tunneling 

transistors: Impact of tunnel-junction germanium 

composition and doping concentration composition and 

doping concentration on switching behavior,” IEEE 

Trans. Electron Devices, vol. 56, pp. 2264–2269, 2009. 

[16]  S. H. Kim, H. Kam, C. Hu, and T.-J. K. Liu, 

“Germanium-source tunnel field effect transistors with 

record high ION/IOFF,” Symp. VLSI Technol., vol. 

2009, pp. 178–179. 

[17]   L. Wang, E. Yu, Y. Taur, and P. Asbeck, “Design of 

tunneling field effect transistors based on staggered 

heterojunctions for ultra-low power applications,” IEEE 

Electron Device Lett., vol. 31, p. 431-433, 2010. 

[18]   G. Dewey, B. Chu-Kung, R. Kotlyar, M. Metz, N. 

Mukherjee, and M. Radosavljevic, “III-V field effect 

transistors for future ultra-low power applications,” 

Symp. VLSI Technol., vol. 2012, pp. 45–46.  

http://www.sentaurus.dsod.pl/

