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Nonvariational nature of “Landauer” «
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Restrictions from the requirement of semi-
infinite electrodes (#;#0V)

Alternative to Landauer picture & DFT-NEGF?

Multi-Space constrained-search DFT (MS-DFT)

1. Sleady -state quantum transport
= Iti-sp optical

cf. Landauer viewpoint
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2. Mi ical > Variati i h) DFT
quantum transport calculation

feond:mat mes-hal 1808.03608 (2018)
PNAS37,30142 (2020)
. Lee, &YHK, Adv. Sci.7, 2001038 2020)

cf. DFT-NEGF

MS-DFT: Formulation — Step 3

port = Multi-space (sp.
- Variational DFT calculation of steady-state current

Step 3. quantum transport <> Multi-electrode (drain = source) excitation

cf. Variational time-independent excited-state DFT
 M.Levy & A Nagy, Phys. Rev. Lett. 83, 4361 (1999).
A Goriing, Phys. Rev. 459, 3359 (1999).
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For the “excited” state k;
B = min, ([ v(®) p(P)d>F + Flok, o, pf, po])
= [v() p(A)dF + Flpi, po)
ey
with orthogonal
Flowpol = uin Yoyl + Vool ¥ic/m)

> Constrained Search (constraint: eV = sy — 1)
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2. Quasi-Fermi levels (Electrochemical potential droj
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“Voltage” drops
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MS-DFT = Gr/defective hBN/Gr: |-V & voltage dro'b

C,, defect @ middle hBN

V,=00V

C,, defect @ interfacial hBN
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Beyond DFT: Eqm. - Non-Eqm.
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Origins of difficulties: Open B.C.

Energy, structure, ...

Optical excitation, ...

Quantum transport, ..
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cf. DFT-NEGF = Landauer + NEGF (Landauer # NEGF!
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NEGF (Non-equilibrium)

“... it is a viewpoint, not a specific equation.”
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Multi-Space constrained-search DFT: Formulation:

MS-DFT: Formulation — Step 2

R Landauer, 2 Phys. 568, 217 (1987)

¥ imry & R Landauer, RevMod. hys 71,5306 (1999)

Quantum transport = Multi-space (space-discriminating) excitation
- Variational DFT calculation of steady-state current

Step 1. Viewpoint: Grand-canonical (“Landauer”) <> Micro-canonical Step 2. Assign ¥ to L, C, &R regions

Quantum transport = Multi-space (space-discriminating) excitation
-> Variational DFT calculation of steady-state current

| oiventra & Todorov, 1. hys. Cond. Mat. 16, 8025 (2004). | ‘

“locality” or “near-sightness” in C (semi-conductors)
(W Kohn)
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MS-DFT: Formulation — Step 4 & MS-DFT advantages 1. “Non-equilibrium” total ener;
Quantum transport = Multi-space (space-discriminating) excitation * MS-DFT (microcanonical) vs NEGF (grand-canonical) - Key implication;
> Variational DFT calculation of steady-state current
Transmission L.V curve Total Energy
Step 4. Transmission & current as post-processing processes R ——— = —
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Semi-infinite electrodes (recover Landauer):
T(E;V) = Tr[[,GIxGT]

Finite electrodes:
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T(E;V) = Tr[A,MAgM'] with M =1/Gry
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Explicit (implicit) QFLs within MS-DFT (DFT—NEGF):
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3. 2D vdW devices: e.g. Gr/hBN/Gr heterojunctiou‘é
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feond:mat mes-hall 1808.03608 (2028)
(YHK, Adv. ci.7, 2001038 z0120)

* Occupation rule? - Important to maintain the separate (non-local) QFLs!
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Experiment

A + FET switching with On/Off = 1x10*

p==a A
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. P Hexane- L Britnel et al. Science 335, 047 (2012)
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Gr/defective hBN/Gr: Cy @ middle hBN = symmu"
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Mechanism: Quantum Hybridization NDR

Theory

Onlv semi-classical: Bardeen approach
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Feenstra etalJ Appl. Phys. 121, 4 (2012)
No ab initio: Difficulty with DFT-NEGF
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