


Our Motivation and EconomicsOur Motivation and Economics
Adam Smith, “An Enquiry into Nature and Causes of the Wealth of
Nations” (1776)
The wealth is created by laisse-faire economy and free
trade

John Maynard Keynes, “The General Theory of Employment,
Interest, and Money” (1936)
The wealth is created by careful government planning
and government stimulation of economy

1990’s and Beyond
The wealth is created by innovations and inventions



2020thth Century Paradigm Century Paradigm

? Formulate a Hypothesis or Theory

? Accumulate data

? Do Extensive experimentation and Check

? Publish if newsworthy



2121stst Century Paradigm Century Paradigm
? Formulate a Hypothesis or theory or design

? Make a prototype structure

? Patent it

? Raise 17 million dollars and start an IPO

? Sue your competitor for stealing your idea



Micro-Journey: From Wafer toMicro-Journey: From Wafer to
CabinetCabinet



Downsizing on a ChipDownsizing on a Chip
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Quantum NanostructuresQuantum Nanostructures
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Quantum NanostructuresQuantum Nanostructures
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High-Field EffectsHigh-Field Effects
? Electric Field in a Macro-Device

? Electric Field in a Micro-Device of Today

? Field Broadening can become larger than
collision broadening:
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Random Thermal MotionRandom Thermal Motion
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Quantum EmissionQuantum Emission
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Modeling TransportModeling Transport
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1-D Random Walk in a1-D Random Walk in a
BandgapBandgap semiconductor semiconductor



Randomness to StreamliningRandomness to Streamlining
Velocity Vectors in Equilibrium (Randomness):

Velocity Vectors in a Very High Field (Streamlined):
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Saturation VelocitySaturation Velocity
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NondegenerateNondegenerate Limit Saturation Limit Saturation
Velocity with Quantum EmissionVelocity with Quantum Emission
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Velocity-Field Velocity-Field CharacterisitcsCharacterisitcs
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Effect of Degeneracy (2-D)Effect of Degeneracy (2-D)
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Empirical RelationEmpirical Relation

Drift Velocity:
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1-D Random Walk in a1-D Random Walk in a
BandgapBandgap semiconductor semiconductor



Modeling the DistributionModeling the Distribution
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Streamlining the RandomnessStreamlining the Randomness
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Drift-DiffusionDrift-Diffusion
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Velocity-Field CharacteristicsVelocity-Field Characteristics
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Mobility DegradationMobility Degradation



Diffusion CoefficientDiffusion Coefficient
DegradationDegradation



Hot Electron TemperatureHot Electron Temperature

? Temperature —a measure of entropy, randomness,
or chaos in a stochastic process.

? Does an electric field enhance randomness or
streamline electrons?

? Does confining electric field at the gate of a
MOSFET makes electrons hot?

? What happens when height and width of the
barriers change at the interface?



Hot-Electron Energy Hot-Electron Energy AnsatzAnsatz
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Energy TemperatureEnergy Temperature



Hot-Electron Mobility Hot-Electron Mobility AnsatzAnsatz
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Mobility TemperatureMobility Temperature



Hot-Electron Einstein RatioHot-Electron Einstein Ratio
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Einstein Ratio TemperatureEinstein Ratio Temperature



Intrinsic Carrier MultiplicationIntrinsic Carrier Multiplication

( )

( ) ( ) 2/1
sinhsinh










=

he

he

io

i

n
n

δδ
δδ

E



Bandgap Bandgap NarrowingNarrowing
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Intrinsic TemperatureIntrinsic Temperature
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? Quantum confinement of 2D gas in an FET
? Mobility degradation

? Lz< λD

? Lz decreases with the gate electric field for a
MOSFET:

Gate Heating of Electrons?Gate Heating of Electrons?
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Mobility Degradation VersusMobility Degradation Versus
Quantum ConfinementQuantum Confinement
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Mobility Degradation in TQWMobility Degradation in TQW
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Electron and Hole Electron and Hole MobilitiesMobilities in in
Submicron CMOSSubmicron CMOS

Courtesy: Y. Taur and E. Novak, IBM Microelectronics, IEDM97 Invited Talk.



Failure of Ohm’s LawFailure of Ohm’s Law
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Resistance Blow-UpResistance Blow-Up
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ID = µ 0COx
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2020thth Century CMOS Design Century CMOS Design



ID = µ 0COx
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2121stst Century CMOS Design Century CMOS Design



ConclusionsConclusions
? Electric field puts an order into otherwise

completely random motion
? An electron has apparent higher energy on a tilted

band diagram
? Einstein ratio with degraded mobility results in

apparent high electron temperature
? Electric field at the gate of a MOSFET does not

heat electrons (quantum-confined mobility
degradation)

? RC time constants will dominate over transit time
delay because of enhanced resistance


