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Section A-A
Monolithic Three-Dimensional Tuning of an Atomically Defined
Silicon Tunnel Junction
Matthew B, l'lunm;ll}'." Joris G, Keizer, Yousun L'Imng, and Michelle ¥, Simmons
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*Our computational approach for free
electrons:

* Charge self-consistent NEGF implemented via Contact Block
Reduction method scales linearly with the simulation volume O(V) |

* Electron-electron interaction via DFT-LDA exchange-correlation
* Real-space scattering on discrete impurities
* Inelastic scattering via Matthiessen’s rule and mobility models

* Kinetic energy term: the effective mass tensor

This approach allows to accurately represent all open-system electron
properties: the current, current spectrum, transmission, LDOS.

*D. Mamaluy, J.P. Mendez et al. Commun Phys 4, 205 (2021)
J.P. Mendez, D. Mamaluy, Sci Rep 12, 16397 (2022)
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Observation and origin of the A manifold in Si:P § layers
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| Predictive quantum transport simulations
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models are limited in terms of capturing all the band minima
at different k-points. We show in Figure 2a that there are sev-
eral I' and A band minima at different k-points, with a notable
non-parabolicity of the bands at higher k. As a result, effective
mass models will tend to underestimate the density of states
in the leads, leading to an overestimation of the
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masses that cannot be predicted by bulk effective
mass approaches. Atomistic basis sets are critically
needed, even though transport might just happen in
the conduction band. Effective mass models can be
tuned to specific atomistic representations but
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dispersion and 3D potential profile in which excellent agree-
ment is achieved. Our results highlight the limitations of
using single-band theories such as WKB and effective mass
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Multi-Scale Modeling of Tunneling in Nanoscale Atomically

Precise Si:P Tunnel Junctions
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| Simulations of modern GAA NSFETs with ;—gl

tight-binding codes are still too expensive
SILVACO/NEMOS scaling
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ICharge sensing with &-layer tunnel
junction
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| -layer TJs are ultrasensitive to charges!
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‘ O-layer TJs are ultrasensitive to charges!

Ultrasensitive device... Quantum FET-based sensors
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Conclusions

* 1) Highly-conducting highly-confined systems require an open-system
treatment (e.g. NEGF) to correctly represent the number of occupied
states, LDOS and current. |

* 2) Kinetic energy operator with the effective mass tensor enables
truly predictive transport simulations in silicon.

* 3) Quantum charge sensing is possible with extremely simple
(“inverse-SET”) structures, that are just O-layer Tunnel Junctions. The
effect is due to the conduction band quantization
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