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Life after Moore’s law: The Transistor is Dead, 
Long live The Transistor

Sanger method (1990s) Babbage computer (~1830s)

Intel Chip TodayIon-torrent system (2011)
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Live After Moore’s law: 
End-to-end modeling of solar cells

Scaling up can  

induce efficiency gap

State-of-the-art commercial panels: 19.4%Record cell efficiency >22%
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285 series,, Ballif, et al., 2014 M. A. Alam, Purdue University, 2015
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Life after Moore’s Law: 
Heterogeneous integration on 

active substrate

M. A. Alam, Purdue University, 2015
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Reliability in fluids

Energy harvesting 

Noise immunity

Biofouling



Life after Moore’s Law: 
Internet of (too many?) things …
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Lab-on-a-phone

(nano+biotechnology)

Always on sensor network

(nanotechnology + biotechnology + wireless technology)

M. A. Alam, Purdue University, 2015
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Basics of solar cell operation
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Alam, Proc. IRPS, p. 312, 2010.
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Voltage independent photocurrent 

Good for c-Si, but almost nothing else



TechnologiesReality

Technology-agnostic end-to-end modeling
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Ideal solar cell

High Performance & High Costs

GaAs c-Si

High Performance & Low Costs

HIT cell CdTe CIGS

Low Performance & Low Costs

a-Si cell

• Photo-generation in

absorber layer only

• Strong electric field

to push carriers to

contacts

• Carrier selective

contacts to minimize

recombination

*Google Images
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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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Silverman et al., JPV, 2015.
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Model Captures CIGS Response

M. A. Alam, Purdue University, 2015
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Model Captures Light Enhanced 
Breakdown

M. A. Alam, Purdue University, 2015

P. Szaniawski, J. Lindahl, T. Törndahl, U. Zimmermann, and M. Edoff, 

“Light-enhanced reverse breakdown in Cu(In,Ga)Se2 solar cells,” Thin 

Solid Films, vol. 535, pp. 326–330, May 2013.



A very strange diode in Reverse Bias
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New Compact Model
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+
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Jphoto(V,L) Jdiode(V) Jshunt(V)

Rseries

M. A. Alam, Purdue University, 2015



Partial shading in string architecture

600V DC

Typical large scale architecture

Only external bypass diodes

Cell shape/orientation are typically not considered
16M. A. Alam, Purdue University, 2015



Being in shadow stresses the device

Initial panel 

operating point

Load line
Shaded 

panel 

operating 

point

Initial cell 

operating point

Shaded cell 

operating 

point

Shaded cells can get reverse biased!
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Simulation reproduces experiments
Simulation IR image

M. A. Alam, Purdue University, 2015 18



Impact of heavy tailed shunt distribution
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Heavy tail of shunt 

distribution determines 

the number of low 

efficiency shunted cells

Long range interaction between sub-cells determines module performance loss

Shunted cells drain the power output of neighbors, with 

disproportionate impact on module output

Shunted cells modify the bias of entire row, affecting the 

power output of their neighbors

M. A. Alam, Purdue University, 2015 19



Panel vs. Cell Efficiency Gap Universal ?!

20
Cell/panel gap is essentially technology agnostic
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Back-story: A Century-long Convergence

22
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ISFET

pH-

meter

Silicon 

Valley

Vac. tubes MOS iphoneTransistor

Ion  torrent

DNAVirus/bacteria PCR HGP

M. A. Alam, Purdue University, 2015



Conventional Sequence-by-Synthesis
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Optical detection scheme expensive, because 

• tagging of bases with fluorescent dye

• bulky and expensive optical detector

• processing costs of high volume images

Courtesy of  Illumina M. A. Alam, Purdue University, 2015 23



M. A. Alam, Purdue University, 2015 24

deoxyribonucleotide

triphosphate (dNTP)

Source: Wikipedia

DNA Synthesis releases Proton

http://en.wikipedia.org/wiki/Deoxyribonucleotide
http://en.wikipedia.org/wiki/Deoxyribonucleotide


ISFET: Theory of pH-sensing
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pH-based Genome Sequencers
Reference: Rothberg et al., Nature 2011

Courtesy of  Ion Torrent

No dye tagging!

M. A. Alam, Purdue University, 2015



Modeling Approaches (Go, JAP, 2013)
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A Physics-based Compact Model

M. A. Alam, Purdue University, 2015 28

Silicon Substrate
S D
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Differential Amplifier Circuit Used
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Subthreshold Slope describes 
Transistors Performance
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Single ferroelectric charge profile
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MVS-compact model
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(V 0)D D D GSI I I  

δ→ DIBL coefficient

n→ sub-threshold coefficient

α→ fitting parameter

vxo→ sort of saturation velocity

µ → sort of low field mobility

Ff → Fermi function for 

smooth transition

ɣ→ body factor

Current saturation in 

depletion/accumulation edge

Voltage drop in RS and RD

β→ saturation-transition-fitting 

parameter

Khakifirooz, TED, 56 (2009) 1674

Wei, TED, 59 (2012): 1263

Rakheja, nanoHUB. 

doi:10.4231/D3H12V82S
M. A. Alam, Purdue University, 2015

http://dx.doi.org/10.4231/D3H12V82S
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Conclusions

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

 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. 

 Landau switches may obviate sub-threshold 

logic. 
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Focus:

1) Physics-based compact models for 

emerging devices

2) Infrastructure to support the NEEDS 

team and the broader community. 

Acknowledgement: NEEDS

Goal:  To advance the science of nano-

devices and enable new 

applications.



Specific Infrastructure Objectives

1) Develop a suite of open-source, physics-based compact 

models for emerging nanodevices.

2) Develop tools and processes for creating, testing, and 

publishing “simulation-ready” compact models.

3) Develop educational resources to help beginners develop 

compact models and to convey the physical principles of 

new nano-devices.

4) Leverage nanoHUB.org to to engage a broad community 

of materials and device researchers and  circuit and system 

designers.



needs.nanohub.org


