
NEMO5 - Code infrastructure
Inelastic scattering in NEGF

Easy expandable C++ code
Link against external libraries 
(PETSc, SLEPc,...)
Full code access via python
GUI in preparation

NEMO5 team: Tillmann Kubis, Jim Fonseca, 
Michael Povolotskyi, Jean Michel Sellier, Gerhard Klimeck

Network for Computational Nanotechnology, 
Purdue University, West Lafayette, Indiana, USA

Free, multiscale, multipurpose, highly parallel 
semiconductor nanodevice simulation tool 

Transport with scattering
NEMO5: phonon assisted band to band tunneling 

Bandtails covered in NEGF

20% matrix rank

125 x faster

50% matrix rank

8 x faster

90% ...

Spin transport

Heat transport
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caling transport capability

5 * 5 nm Si nanowire: up to 
1000x faster solution

Accurate + efficient quantum 
transport calculations

Novel approach 
in NEGF 
(nonequilibrium 
Green’s functions)
low rank 
approximation

Tunable accuracy of 
NEGF solutions

Topological 
insulators

*Yi Zang et al, Nature Phys. 6, 584

NEMO5: 
TI states in Bi2Te3
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Exp. (ARPES): 
TI states in Bi2Se3* 
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Near and long range 
interactions

(Keating valence force field + Coulomb)

NEMO5: GaAs bulk 
phonon dispersion
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Transistor nanowire 
with rough surface
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evice reliability

Single impurities and 
many particle physics

Potential landscape of a single P in Si
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 uantum computing

M. Fuechsle et al. 
Nature nanotechnology 

7, 242 (2012)

Ultrascaled devices

NEMO5: transport in 4nm Si GAA nanowire transistor

Lg

Tight binding to density 
functional theory
NEMO5 TB vs. DFT: fitted MgO band structure

Works for all (even exotic) materials

0D, 1D, 2D, 3D available (4D in preparation)
NEMO5: samples of device geometries

B. Radisavljevic et al.
Nature Nanotechnology 
6, 147 (2011)

J. Bai et al.
Nature Nanotechnology 5, 190 (2010)

NEMO5 is ready for future device generations

All existing crystal symmetries

Add new symmetries in no time

Arbitrary device geometries

Atomic resolution

~50 Million atom calculation

NEMO5: InAs dome shaped dot in GaAs

Structure relaxation

NanoHUB world... 200,000+ users
NEMO based tools: 10,000+ users

Intel, Samsung, GlobalFoundries, IBM, 
Lockheed Martin, ...

CollaboratorsMPI-Scalability

...including

Growth directions
Materials
Strain
Electrostatics
Transport

Multiplatform support
Single CPU - 100,000 CPUs
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If you need 
modeling & 

simulation insights, 
ask for NEMO

NEMO5: transmission in Cu nanowire

2nd nearest neighbor tight binding
Cu, Au, Ag, Al, Pb, etc.

NE
MO5 - Electrons in metals

You can use 
NEMO5 

as a library
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Easy expandable C++ code
Link against external libraries
  (PETSc, SLEPc,...)
Full code access via python
GUI in preparation


