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ÅStrain-inducedhigh hole mobility and ballistic velocity can be used to 
increase current drive and decrease power consumption of p-FETs.
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ÅStrain-inducedhigh hole mobility and ballistic velocity can be used to 
increase current drive and decrease power consumption of p-FETs.

ÅThis work explains mobility results through QM simulations and 
extends analysis to ballistic velocity.
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Mobility, Current, and Ballistic Velocity
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Lundstrom, EDL 1997

Long-channel device (drift-diffusion):
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Short-channel devices (ballistic transport):
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Mobility, Current, and Ballistic Velocity
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Lundstrom, EDL 1997

Long-channel device (drift-diffusion):
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Experimental Device Fabrication
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1) s-GOI Substrate 2) Electron Beam Patterning3) Dielectric Deposition

ÅBegin with biaxiallystrained Geon insulator

ÅNanowire patterning creates free surfaces  
Ą lateral strain relaxation

ÅFinal strain is asymmetric

ÅNeither biaxial nor uniaxial

4) Final Device Structure

Ge 10 nm

Biaxial
Compression
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Asymmetric Strain (1/2)
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Asymmetric Strain (2/2)
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Measured & Simulated Strain
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ÅMeasured strain from Ge-GeRaman peak shift

ÅSimulated strain from elastic energy minimization (nextnano3)

W. Chernet al., IEDM 2012
Xia, Univ. British Columbia
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ÅStrain shifts the valence band through deformation potentials
Å150 meVenergy shift due to lateral strain relaxation near sidewalls

Impact of Strain on Valence Band

Si
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ÅHoles cluster near side gate due to
ÅStrain relaxation near sidewall Ą valence band shift

ÅFavorable gate electrostatics

ÅFew carriers near top gate, Si acts as dielectric due to 
large valence band offset with Ge

Hole Density (Ninv=3×1012 cm-2)

Hole Density Across Device

ɝὉ
7ͯ70 meV

s-Si  s-Ge

Valence Band Offset

HfO2
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J. Teherani et al., PRB 2012



Quantum Mechanical Simulation Details
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First Hole Eigenstate

ÅPerformed 2D numerical simulations 
using nextnano3 assuming infinite 
nanowire length 

ÅSolved Schrödinger-Poisson equation 
using 6x6 ƪϊǇquantization method

E-kz Dispersion for 1st Eigenstate

infinite

2D simulation 
structure
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Inverse Effective Mass Calculation
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ÅSolved Schrödinger-Poisson for 80 eigenstates

ÅStrain mixes heavy-hole and light-hole valence bands

ÅSmall άᶻfor small Ὧ (light-hole characteristics)

ÅLarge ά fzor large Ὧ (heavy-hole characteristics)

E-kz Dispersion for 80 Eigenstates
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Inverse Effective Mass (1/2)
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Inverse Effective Mass (2/2)
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Inverse effective mass

ÅPeaks near the sidewalls
ÅSame location as hole density peak

ÅDips in center of device where 
higher Ὧ states are occupied

Inverse Effective Mass
As Function of Position
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Ninv=3×1012 cm-2



Inverse Effective Mass (2/2)
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Inverse effective mass

ÅPeaks near the sidewalls
ÅSame location as hole density peak

ÅDips in center of device where 
higher Ὧ states are occupied
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Inverse Effective Mass
As Function of Position

HfO2

Si

WN

Ninv=3×1012 cm-2


