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Life after Moore’s law: The Transistor is Dead,
Long live The Transistor
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Live After Moore’s law:
End-to-end modeling of solar cells

induce efficiency gap

Scaling up can

Record cell efficiency >22%

Process variations
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State-of-the-art commercial panels: 19.4%

Contacts and shunts

NI

TCO

p*a-Si
Cell
I-V

Grid resistance, shading etc.

>A

Panel n

I a-Si
n c-Si
I a-Si

n*a-Si
TCO
[

Device stage Panel stage



Life after Moore’s Law:
Heterogeneous integration on
active substrate

Reliability in fluids
Energy harvesting
Noise immunity
Biofouling
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Life after Moore’s Law:
Internet of (too many?) things ...
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Basics of solar cell operation
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Technology-agnostic end-to-end modeling

Ideal solar cell
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Si Compact Model .. Not
appropriate for Thin-Film HJ Cells
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A new compact model for HJ Cells

we solve the electron continuity equation
ONLY considering the generated
carriers
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Model Captures CIGS Response
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Model Captures Light Enhanced
Breakdown
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A very strange diode in Reverse Bias
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New Compact Model
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Partial shading in string architecture
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Being in shadow stresses the device
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Simulation reproduces experiments

Simulation IR image




Impact of heavy tailed shunt distribution

Cell Efficiency
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Panel vs. Cell Efficiency Gap Universal ?!

Shunts distributed
within module
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Outline

® |s there a life after Moore’s Law
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Back-story: A Century-long Convergence
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Conventional Sequence-by-Synthesis
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DNA Synthesis releases Proton

deoxyribonucleotide
triphosphate (dNTP)

Polymemse

Hydrogen and pyrophosphate are released.

Y SourceWikipedia
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Courtesy of lon Torrent

I 4

pH-based Genome Sequencers

Reference: Rothberg et al., Nature 2011
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Modeling Approaches (Go, JAP, 2013)
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A Physics-based Compact Model
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Differential Amplifier Circuit Used
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Capacitors control MOSFET Operation

M.A.Alam, Purdue University, 2015
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Subthreshold Slope describes
Transistors Performance
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Phase Space of FET
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S<60 mV/dec switching?
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Single ferroelectric charge profile
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Coupling of Capacitors: Algorithm
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MVS-compact model
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Conclusions

® There is (different) life after Moore’s law.

e Power sources: Significant progress in
terms of physics-based compact modeling
of energy harvesters (e.g. solar cells).

® Biosensors can be transformative. Physics-
based modeling is already playing a role in
sequencing.

e Landau switches may obviate sub-threshold
logic.

M.A.Alam, Purdue University, 2015
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1)

2)

3)

4)

Specific Infrastructure Objectives

Develop a suite of open-source, physics-based compact
models for emerging nanodevices.

Develop tools and processes for creating, testing, and
publishing “simulation-ready” compact models.

Develop educational resources to help beginners develop
compact models and to convey the physical principles of
new nano-devices.

Leverage nanoHUB.org to to engage a broad community
of materials and device researchers and circuit and system
designers.
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