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Nanoelectronics: Nanowires 

Contents: Si Nanowires 

SiGe Nanowires: 
J Xiang et al Nature 441, 2006 p 489 ”Ge/Si Nanowire Heterostructures...” 

 

Si Nanowire-based Circuits: 
R Friedman et al Nature 434, 2005 ”High-Speed Integrated Nanowire... ” 

 

Lateral top-down Si Nanowires:   
W Fang et al IEEE Electron Dev. Dett. 28, 2007, p 211 ”Vertically Stacked SiGe ..” 

 

Vertical top-down Si Nanowires : 
B Yang et al IEEE Electron Dev. Dett. 29, 2008, p 791 ”Vertical Silicon-Nanowire ..” 

 

Lateral top-down Si Nanowires : 
K Cho et al Appl. Phys. Lett. 92, 2008, p 052102 ”Experimental evidence of ballistic... ” 
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Nanoelectronics: Si Nanowires 

- Ge/Si core shell nanowires 

 

- 15 nm core 

 

- p-type conduction 

 

- High-k dielectrics (ZrO2) 

 

- ballistic transport 

 

- 500 nm mean free path 
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Device Characteristics 

Nanoelectronics: Si Nanowires 

Lg=1 mm 

gm=26 mS 

Idmax=35 mA 

Benchmark at 1V: 

Ion=14 mA 

gm= 1.4 mS/mm 

Ion=0.71 mA/mm 

Lg=0.19 mm 

gm=60 mS 

Idmax=91 mA 

Benchmark at 1V: 

Ion=37 mA 

gm= 3.3 mS/mm 

Ion=2.1 mA/mm 

mobility=730 cm2/V 

SS=100 mV/dec. 
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Device Performance 

Nanoelectronics: Si Nanowires 

Gate delay: 

 

-Lg=1 mm => t=57 ps 

-Lg=0.19 mm => t=4 ps 

VT shift due to  

different work 

functions 
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Nanoelectronics: Si Nanowires 

Response of inverter with gain 

1 MHz sine wave as drive 

Vdd=15 V 

Three stage ring oscillator 

f=11.7 MHz 

Stage delay=14 ns 

Vdd=43 V 
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Nanoelectronics: Si Nanowires 

-Ge condensation technigue 

 

-- SiGe oxidizes faster than Si 

 

-patterning of 100 nm fins 

 

- cyclic oxidation and etching to 

20-30 nm diameter wires 

 

- 350 nm gate length, tox 4 nm 

 

- i-Si and implantation of S/D regions 
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Device characteristics 

Nanoelectronics: Si Nanowires 

Performance scales with number of wires in stack! 

Surface is Ge rich 

Hole accumulation at the surface and electrons in the core 

Difference in scattering affects gm 

265 mS/mm 

159 mA/mm 
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Nanoelectronics: Si Nanowires 

-Cylindrical geometry offer better  

electrostatic control 

 

-  Resist pattern 160-600 nm diameter 

 

-Oxidation to form 20 nm diameter wires 

 

- Reduced oxidation at high curvature 

 

- 150 nm gate length 

 

- i-Si and implantation of S/D regions 
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Device characteristics 

Nanoelectronics: Si Nanowires 
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Device characteristics 

Nanoelectronics: Si Nanowires 

- Lg 160 nm,  diameter 20 nm, tox 5 nm 

 

- SS about 80 mV/dec 

 

-  Ion 1000 mA/mm 

 

- Ion/Ioff ~107 
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Device characteristics 

Nanoelectronics: Si Nanowires 

-Aspect ratio of about 1  

required to have optimum 

 potential control 
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Nanoelectronics: Si Nanowires 

-8 nm diameter 
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Nanoelectronics: Si Nanowires 

Overshoot in transconductance 
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Nanoelectronics: Si Nanowires 


