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Our Motivation and Economics

Adam Smith, “An Enquiry into Nature and Causes of the Wealth of
Nations’ (1776)

The wealth iIs 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
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20" Century Paradigm

+ Formulate a Hypothesis or Theory

+ Accumulate data
+ Do Extensive experimentation and Check

+ Publish if newsworthy




I

21% Century Paradigm

+ Formulate a Hypothesis or theory or design
+ Make a prototype structure

+ Patent it

+ Raise 17 million dollars and start an I1PO

+ Sue your competitor for stealing your idea
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Billions of Bits per Chip
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Quantum Nanostructures
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Quantum Nanostructures
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High-Field Effects

+ Electric Field in aMacro-Device
V 5V V
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+ Electric Field in aMicro-Device of Today
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Random Thermal Motion
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Quantum Emission
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Modeling Transport
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1-D Random Walk in a

Bandgap semiconductor
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Randomnessto Streamlining

Velocity Vectorsin Equilibrium (Randomness):
— . =

Velocity VectorsinaVery High Field (Streamlined):
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Saturation Velocity
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Nondegenerate Limit Saturation

Velocity with Quantum Emission
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Velocity-Field Characterisitcs
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Effect of Degeneracy (2-D)
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Empirical Relation

—_ uoe —_ Vsat
Drift Velocity: vi(€)= 14 & = .
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1-D Random Walk in a

Bandgap semiconductor
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Modeling the Dlstr|but|on
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Streamlining the Randomness
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Drift-Diffusion
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Velocity-Field Characteristics
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Mobility Degradation
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Diffusion Coefficient
Degradation
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Hot Electron Temperature

+ Temperature —ameasure of entropy, randomness,
or chaos in a stochastic process.

+ Does an dectric field enhance randomness or
streamline el ectrons?

+ Does confining electric field at the gate of a
MOSFET makes el ectrons hot?

+ What happens when height and width of the
barriers change at the interface?
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Hot-Electron Energy Ansatz
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Energy Temperature
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Hot-Electron Mobility Ansatz
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Mobility Temperature
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Hot-Electron Einstein Ratio
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Einstein Ratio Temperature
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Intrinsic Carrier Multiplication
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Bandgap Narrowing
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Intrmsc Temperature
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MOSFET:

Gate Heating of Electrons?

+ Quantum confinement of 2D gasinan FET
+ Mobility degradation
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Mobility Degradation Versus

Quantum Confinement
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Mobility Degradation in TQW
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Electron and Hole M obilitiesin
Submicron CMOS
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Failureof Ohm'sLaw
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Resistance Blow-Up
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20" Century CMOS Design
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213 Century CMOS Design
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Conclusions

+ Electric field puts an order into otherwise
completely random motion

+ An electron has apparent higher energy on atilted
band diagram

+ Einstein ratio with degraded mobility resultsin
apparent high electron temperature

+ Electric field at the gate of aMOSFET does not
heat electrons (quantum-confined mobility
degradation)

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




