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Nanoelectronics: Low-Swing Devices 

Contents: Low-Swing Devices 

TFET Switches:   
A Ionescu and H Riel Nature 479, 2011, p 329 ”Tunnel field-effect transistors...” 

 

III-V/Si nanowire Implementation: 
K Tomioka et al IEEE Int. Symposium on VLSI Technology 2012 p.47 ”Steep-slope ...” 

 

Si Nanowire Implementation: 
M Björk et al Appl. Phys. Lett. 90, 2009, 142110 ”Vertical Surround Gate... ” 

 

Performance Comparison: 

S Koswatta et al IEEE Trans. Electron Devices 56, 2009, p. 456 ”Performance comparison ...” 
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Nanoelectronics: Low-swing Devices 

Two a:pproaches to reduce Vdd: 

- Reduce Vt to maintain (Vdd-Vt) 

- Reduce S 
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Nanoelectronics: Low-swing Devices 

Energy Required for Switching  
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Nanoelectronics: Low-swing Devices 

Principle of Operation 

-On-state: 

Carriers may tunnel from 

the source to the channel 

 

-Off-state: 

Tunneling from the source is  

restricted due to the band gap 

 

Tunnel injection across 

triangular barrier 
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Nanoelectronics: Low-swing Devices 

pFET Implementation 

pFET operation: 

Gate is used to lift the bands  

in the gate region 

 

pFET booster: 

Use n++ InAs in the source 
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Nanoelectronics: Low-swing Devices 

nFET Implementation 

nFET operation: 

Gate is used to lower the bands 

In the gate region 

 

nFET booster: 

Use p++ Ge in the source 
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Materials selection 

Important to reduce the tunneling barrier. Use narrow band gap  

material or heterostructure design. 
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Measured Data  

30 nm diameter required to get good 

device performance 
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Nanoelectronics: Low-swing Devices 

Measured Data  

Very high drive currents due to the broken gap. Decent off-state  

characteristics and high transconductance. 
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Nanoelectronics: Low-swing Devices 

-N-type substrate 

 

- p-type wires 
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Nanoelectronics: Low-swing Devices 

-High bias operation due to  

Schottky barrier at the top contact 

 

- Good Ion/Ioff ratio 

 

 

 

 

Forward bias  

characteristics 
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Reverse bias  

characteristics 

Nanoelectronics: Low-swing Devices 

-Use the Schottky barrier to inject holes 

 

-Change the properties of the  

p/n junction 

 

-Use the impact ionization process 
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Nanotube used  

for the modelling 

 

15 nm gate length 
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Simulated Data  

Lower break down voltage  

and lower band gap 
Reduced  

capacitance 

Less carriers 

in the channel 
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Comparison  

MOSFETs and TFETs 


