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FullFull--Band ParticleBand Particle--based Simulationsbased Simulations
Typical flowchart of a selfTypical flowchart of a self--consistent particleconsistent particle--based simulatorbased simulator
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FullFull--Band ParticleBand Particle--based Simulationsbased Simulations
FullFull--band representationband representation
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FullFull--Band ParticleBand Particle--based Simulationsbased Simulations
FullFull--band representationband representation
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FullFull--Band ParticleBand Particle--based Simulationsbased Simulations
Scattering ratesScattering rates
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FullFull--Band ParticleBand Particle--based Simulationsbased Simulations
Bulk simulation resultsBulk simulation results
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Impact IonizationImpact Ionization
OverviewOverview
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Impact IonizationImpact Ionization
ComplexityComplexity
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Impact IonizationImpact Ionization
Simplified modelSimplified model
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Impact IonizationImpact Ionization
Bulk simulationsBulk simulations
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Impact IonizationImpact Ionization
MOSFET simulationsMOSFET simulations
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Impact IonizationImpact Ionization
MOSFET simulationsMOSFET simulations

3.5

3.0

2.5

2.0

1.5

1.0

0.5

0
0 0.5 1.0 1.5 2.0

GOI   50 nm

-0.6 V

-1.0 V

-1.4 V

-1.8 V

w/o secondaries
w/ secondaries

Drain voltage V  [V]DS

D
ra

in
cu

rr
e
n

t
I

[m
A

/u
m

]
D



Numerical Modeling of Novel Electron Materials and DevicesNumerical Modeling of Novel Electron Materials and Devices 1414

GermaniumGermanium--OnOn--Insulator TechnologyInsulator Technology
MotivationMotivation

– Ge holes mobility is 4 times higher than in Si

– CMOS: p-type Si MOSFET limits performance

– SiO2 thickness reached physical limits

– New insulators: fabrication advantages of Si/SiO2 lost
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GermaniumGermanium--OnOn--Insulator TechnologyInsulator Technology
SOI SOI MOSFETsMOSFETs
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GermaniumGermanium--OnOn--Insulator TechnologyInsulator Technology
Device layoutDevice layout
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GermaniumGermanium--OnOn--Insulator TechnologyInsulator Technology
Static analysis: threshold voltage, Static analysis: threshold voltage, transconductancetransconductance
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GermaniumGermanium--OnOn--Insulator TechnologyInsulator Technology
Static analysis: threshold voltage, Static analysis: threshold voltage, transconductancetransconductance
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GermaniumGermanium--OnOn--Insulator TechnologyInsulator Technology
Static analysis: currentStatic analysis: current--voltage characteristicvoltage characteristic
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GermaniumGermanium--OnOn--Insulator TechnologyInsulator Technology
Frequency analysis: e.g. step perturbationFrequency analysis: e.g. step perturbation
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GermaniumGermanium--OnOn--Insulator TechnologyInsulator Technology
Frequency analysis: linearityFrequency analysis: linearity
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GermaniumGermanium--OnOn--Insulator TechnologyInsulator Technology
Frequency analysis: unity gain frequencyFrequency analysis: unity gain frequency

– Short-circuit current gain:
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GermaniumGermanium--OnOn--Insulator TechnologyInsulator Technology

Performance summaryPerformance summary
– Small feature size MOSFETs:
 Highly inhomogeneous transport inside the channel
 Performance improvement significantly lower than mobility 

increase

– Higher unity gain frequencies (5-10%)

– Larger drive currents (20-30%)

– Improved transconductance though channel conductance is 
degraded

– Higher sensitivity to impact ionization
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Conclusion and discussionConclusion and discussion
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GermaniumGermanium--OnOn--Insulator TechnologyInsulator Technology
Appendix: static analysis Appendix: static analysis -- channel conductancechannel conductance
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GermaniumGermanium--OnOn--Insulator TechnologyInsulator Technology
Appendix: static analysis Appendix: static analysis -- average velocityaverage velocity
– Highly inhomogeneous velocity

 Impact of low field mobility on predicted performance increase is 
considerably reduced
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GermaniumGermanium--OnOn--Insulator TechnologyInsulator Technology
Appendix: static analysis Appendix: static analysis -- Drain Induced Barrier LoweringDrain Induced Barrier Lowering
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GermaniumGermanium--OnOn--Insulator TechnologyInsulator Technology
Appendix: static analysis Appendix: static analysis -- Drain Induced Barrier LoweringDrain Induced Barrier Lowering
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