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

Transport with scattering
NEMO5: phonon assisted band to band tunneling 

Bandtails covered in NEGF

Scanning Electron Micrograph of typical FinFET device.

Metrology Studies with NEMO, a Multimillion Atom Simulation Tool

First three measured excited states of each sample 
versus the best fit to the NEMO 3-D model. 

Simulation data given in parentheses. The fit yields a 
unique combination of (F, d) for each single donor 
device. The measurement error for each level is 

estimated to be around 0.5 meV.

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 nm2 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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pin transport

Exp. (ARPES): 
TI states in Bi2Se3* 
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honons

Near and long range 
interactions

(Keating valence force field + Coulomb)

NEMO5: GaAs bulk 
phonon dispersion
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Random 
- impurities
- alloys
- interfaces etc.

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

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)

Ready for future device generations

Arbitrary device geometries
NanoHUB world... 230,000+ users
NEMO based tools: 10,000+ users

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

Collaborators

...including

Growth directions
Materials
Strain
Electrostatics
Transport 0
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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

nanoHUB.org 

~50 Million atoms

InAs dome shaped dot in GaAs
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Valley Splitting

Valley splitting (VS) in a �at QW and SS in �at and miscut QWs. VS increases due to 
the SiGe alloy disorder. SS remains unchanged by disorders or miscut surfaces. (b) VS 

in 2° miscut Si QWs in presence of realistic disorders. Error bars represent s.d. in VS.

Single Donor FinFET Device

G. P. Lansbergen,  R. Rahman, G. C. Tettamanzi, J. Verduijn, L. C. L. 
Hollenberg, G. Klimeck, S. Rogge, arXiv:1111.4238, (2011).

Band diagram along the x-direction with the 
D0-state in resonance combined with the 

measured source/drain current versus gate 
voltage for a typical sample.

N. Kharche, M. Prada, T. B Boykin, G. Klimeck, Appl. Phys. Letters 90, 092109-1-092109-3 (2007).

Works for all (even exotic) materials


