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TFET Technologies in E°SWITCH

Ni/Au contact

Interfacf oxide
X

n++- InAs layer ~

i-Si substrate

Group IV Julich

AW &5 si crghnel
(d) BOX oxide |"“Box oxide | ol

GaAsSHnGaAgqLund)

What about2-D Materials?
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Future of TFETs: 2-D Materials?

Question: can they be used as TFETs?

B. Radisavljevic et al. Nat. Nano. 6, 147 (2011)

D. Sarkar et al. Nature 596, 91 (2015)

2-D Semiconductors

beyond Graphene Observations:
A Excellent electrostati i A No successful experimental demonstration so far besides
xcellent electrostatic properties '/ { . oS, @edices

A Large range of band gaps and m*
A Relatively high phonon-limited mobility

A Technology still in its infancy. Progresses needed!
A Several theoretical studies with various results

EZ CIIITTIH Can we estimate their potential? .



OUTLINE

ASimulation Approach
Quantum transport model

Final Workshog 10 November 2017
Energy Efficient Tunnel FET Switches and Circuits




Quantum Transport Model
SteadyState 1D/2D/3D Schrodinger Equation

H XY (E) =E XY (E)

Quantum Transport: Open Boundary Conditions

Ballistic WP Scattering NEGIF
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2-D Materials: Complicated Bandstructure

DFT bandstructure
(PBE because E,~1.8 eV)
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Possible approaches:
1. Create tight-binding parameter set for MoS,, (what is the accuracy?)
2. DFT+NEGF simulations, but computationally extremely intensive

Alternative: maximally localized Wannier functions



ADb-initio Quantum Transport with MLWFs

Ab-initio electronic structure
calculation

Transformation of planevaves
into set of maximally localized
Wannierfunctions (MLWFs)

Creation of tightbindinglike
Hamiltonian matrix

0

Quantum transport simulation
with a MLWF basis
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MoS, Bandstructure: MLWF vs. DFT

Transformation from plane-wave basis (VASP) into MLWS with Wannier90
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Features:

Exact unitary transformation

Unitary matrixU,,, chosen in such a way
that Hamiltonian matrix size is minima

MLWs = tightbinding like basis with up
to 6™ nearestneighbor (NN)

MoS,: 5d per Mo, 3 per S.
DFT+GGA: godf] value




