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outline of lecture 1

1) Reliability and Randomness in Electronics

2) Averages and Deviations

3) Nonlinear Percolation for in-plane Transport
4) Finite Fractals for out-of-plane Transport

5) Correlation in Time-dependent Degradation

6) Conclusions



reliability and randomness in electronics
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derivation of Ohm’s law
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transport at various scales
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randomness & the end of Ohm’s law
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importance of reliability

ICs operate in incredibly harsh conditions and
massive field-returns can put a company out of
business ... A very important practical problem.
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the meaning of average breakdown field

Thick Oxides (circa 1980)
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the “bottom-up” view of a resistance

Ballistic Transistors (Prof. Lundstrom)
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; Percolation theory (This Series)

Quantum transport (Prof. Datta)
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outline of lecture 1

2) Averages and Deviations
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averages and deviation
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top down classical approach ....

. that's what textbooks say!
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basics of percolation: averaging matters

G Consequences of adding a
new disk depends on
existing configuration ...
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... and so does the fluctuation
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current approach: transistor design
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thermal conduction in molecules
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why do we not hear about percolation (1) ?

1 mm3~ 1017 molecules

. approximate theor
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impurities

Given traces of impurity, change in property (e.g.
transmission) is easily predicted.

Fluctuation in properties of large system is small and
all approach Gaussian distribution at its limit.
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why do we not hear about percolation (2) ?

| i-T B Some small systems have
| unusually robust properties,
~— (eg., quantum Hall effect)
and physicists often focus
on those extra-ordinary
aspects of small systems ...
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outline of lecture 1

3) Nonlinear Percolation for in-plane Transport
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Mapping electronic device problems to percolation
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random dopant fluctuation
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flash vs. nanocrystal flash
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flexible nanonet transistors (lectures 3, 4)
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solar cells and display electronics

Key issues:

Transport through barriers
created by grain boundaries

P~ Device/device fluctuation
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chemical sensors and e-nose

Organic substrate

After expansion

percolation threshold ...
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classical vs. nonlinear percolation

Dobson, PRL, 1971
Schmelzer, PRL, 2002

Percolation (1970s) Theory of Nonlinear Percolation ?!

Two Terminal

Linear Respons Multiple Terminal

Nonlinear Response

Ohm’s law (1827) Transistor Theory (1947)
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outline of lecture 1

4) Finite Fractals for out-of-plane Transport
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biosensors (lecture 5)
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diffusion towards disordered biosensors...

Key issues:

+ density dependent response time

+ conductivity, tfransfer resistance
or substrate dependence

+ Channel length scaling
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super-capacitors (lecture 6)
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finite fractals ...

Fractal theory is for infinite, scale-invariant systems,
Electrical devices involve finite fractals



outline of lecture 1

5) Correlation in Time-dependent Degradation
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reliability and randomness (lecture 7-10)
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Reliability is a very important practical problem...



oxide degradation/breakdown (lectures 8,9)
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correlation, power-laws, role of contacts

Correlated breakdown Uncorrelated Breakdown
in Thick Insulators In Thick Insulators
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Theory of partially correlated breakdown
is important and contacts define everything.



equivalence between spatial/temporal fluctuation
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Spatial and temporal fluctuation should
be considered with same framework ...
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theory and application: back & forth
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Lectures 3,4
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conclusions

+ Properties of small electronic devices are
dictated by spatial and temporal randomness that
cannot be described by classical theories.

+ We will use theories of percolation and fractals
to describe such systems.

+ Even these theories must be generalized to
nonlinear and heterogeneous percolation, finite
fractals, and correlated breakdown.

+ If we understand these problem, many topics
beyond electronics will also become clear.
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