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Nanoelectronics: III-V Nanowires 

Contents: III/V Nanowires 

Vertical InAs NW transistors:   
C Thelander et al IEEE Electron Dev. Lett. 29, 2008 p 206 ”Vertical Enhancement-Mode ...” 

 

Lateral InGaAsAs NW transistors : 

J Gu et al IEEE IEDM Tech Digest. 2012, p. 633 ”20-80 nm channel length InGaAs .... ” 

 

Vertical InGaAs NW transitors: 
K Tomioka et al Nature. 488, 2012 p. 189 ”A III-V nanowire channel on silicon ... ” 

 

Nanowire CMOS: 

A Dey et al Nano Lett 12, 2012, 5593 ”Single InAs/GaSb ...” 

 

Scaling in quantum capacitance limit:   
J Knoch et al IEEE Electron Dev. Lett. 29, 2008 p 372 ”Outperforming the Conventional...” 

 

 

 

 

 



Nanowire FETs: Why InAs? 

Material property Si GaAs In0.53Ga0.47As InAs InSb 

Electron mobility (cm2V-1s-1) 1500 8500 14000 33000 78000 

Saturation velocity (cms-1) 1x107 1.2x107 8x106 3.5x107 >5x107 

Band gap (eV) 1.1 1.4 0.75 0.36 0.17 

Effective mass 0.19 0.067 0.041 0.023 0.014 

Ashley et al IEDM 97 

Surface pinning in conduction band and good ohmic contacts! 



Wrapped Insulator-Gate Nanowire  

Field-Effect Transistor (WIGFETs) 

Layout of a nanowire FET 

- Surround gate gives strong gate coupling 

- InAs high mobility channel 

- Can include heterostructures in the FET 

- Easy scaling to high current levels 

- 3D architecture 

SEM image of a matrix of CBE grown nanowires 



SEM Images of Wrap-Gate FETs 

Nanowire Transistor Wrap-gates 

80 nm diameter 

3 mm wire length 

0.8 mm gate length 

Not intentionally doped n~2x1017 cm-3 

 

Bryllert et al DRC 2005 

Wernersson et al IEDM 2005 

Bryllert et al EDL 2006 

1 μm 

Drain 

Source 

Wrap-gate 



100 nm 

InAs substrate 

InAs substrate 

InAs substrate 

InAs substrate 

InAs substrate 

InAs substrate 

1. Nanowire growth 

2. Deposition of SiNx 

gate dielectric layer 

3. Evaporation of gate 

4. Spin-coating with BCB 

5. Wet etching of  

drain contacts 

6. Evaporation of  

drain contact 

Processing Flow Short Gate Lengths  

Nanowires after  

gate formation 

Wernersson et al SSDM 2006 

40 nm SiNx thickness 

Au 

Ni 



50 nm Lg Transistors with Elevation Layer 

10 nm HfO2, 91 Nanowires in matrix 

Processed by QuMat 

Good Output Characteristics 

Thelander et al EDL 2008 



50 nm Lg Transistors with Elevation Layer II 
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+ High gm! 

+ Good Vt control! 

+ No gate leakage! 

+ Low hysteresis (20mV)! 
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Enhancement  

mode operation 

SS 80mV/dec. 

DIBL 60mV/V  

   below 0.7 V 

High Ion/Ioff ratio for  

Vd=0.5V (>1000) 

I (A/mm) 



Benchmarking: MOS Devices 
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Nanowire Capacitors   

Roddaro et al APL 92, 253509 (2008) 

Device Structure Measured Data 



InAs NW MOS Capacitors 

Carrier concentration 2x1018 cm-3 

Quantum capacitance at ø 50 nm 

 

Karlström et al Nanotechnology, 253509  2008 
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Study on scalilng of gate length 

Gate length 20-80 nm 

 



12 

Nanoelectronics: III-V Nanowires 

Device Performance 

Nanowire diameter 20 nm 

Transconductance of 1.7 mS/µm at Vd=0.5V 

Drive current of 0.63 mA/µm at Vd=0.5V 

SS 75 mV/dec. 
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Nanoelectronics: III-V Nanowires 

Device Performance II 

Excellent scaling 

for SS DIBL, and Vt 
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Nanoelectronics: III-V Nanowires 
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Nanoelectronics: III-V Nanowires 

Device Performance 

Gate length 200 nm 

Nanowire diameter 60 nm 

10 nanowires in the array 

Transconductance of 280 µS/µm at Vd=1V 

SS 98 mV/dec. 
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Nanoelectronics: III-V Nanowires 

Device Performance 

Gate length 200 nm 

Nanowire diameter 90 nm 

10 nanowires in the array 

gm=1.42 mS/µm at Vd=0.5 V 

SS 75 mV/dec. 
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Intel IEDM 2010: 
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Nanowire Inverters 
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Nanowire Inverters 
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VERY abrupt heterojunction! 

Sudden group-V contrast change indicates abrupt transition 

GaSb 

InAs(Sb) 

Courtesy of Martin Ek 
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InAs Circuits on 2” Si 

  

  

  

Good wafers: 80% yield 

Area: 2000x6000 µm2 

First test circuit: 

Balanced mixer 

Design with 52 nanowire transistors 

Nanowire resistors 

Designed for 1 GHz input 

RF-input 

LO+ and 
LO- input 

Resistive loads 

Capacitive  
decoupling 

Output voltage 

Vdd 
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InAs Circuits on 2” Si 

  

  

  

Device Architecture 
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Mixer Performance 

Transistor  

Performance 

RF FET: 36 NWs (6x6 array) 

LO FET: 72 NWs (12x6 array) 

NW Spacing: 200 nm 

LG: 200 nm, 100 nm, 60 nm 

 

RL: 2.5 kΩ 

VDD = 1.5 V 

PDC = 1 mW 
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Gate delay 

(diffusive) 

t=CgVdd/Id 
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Nanoelectronics: III-V Nanowires 

Simulated performance 

Movement of the band  

with the gate bias QCL vs CL limit 


