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Preamble:  Preamble:  
The (forgotten) search of a transistor-like effect in a metalThe (forgotten) search of a transistor-like effect in a metal



  

The search of a transistor-like effect in a metalThe search of a transistor-like effect in a metal

“Graphene may be the best possible 
metal for metallic transistor 
applications… 
Graphene transistors show a rather 
modest on-off resistance ratio (less 
than 30 at 300 K), but this is a 
fundamental limitation for any 
material without a band gap 
exceeding kT.” 



Layertronics?
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Positions available Positions available 
for next yearfor next year

Send me an email to 
luisfoa@gmail.com

Let’s chat during the 
conference.
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Crafting one-way transport of charge, valley and spinCrafting one-way transport of charge, valley and spin

Conclusions and final remarksConclusions and final remarks

Non-reciprocal bandstructure of the Haldane bilayer

One-way transport

Making it anti-fragile

The spinfull case: bilayer with intrinsic spin-orbit interaction
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van der Waals van der Waals 
structuresstructures
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Archimedes., 3rd century BC Switkes et al., Science 1999
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What if … ?

This would violate the bulk-boundary correspondence



  

Idea: look for edge states coexisting with a continuum 
in bipartite systems.

Perez-Piskunow, Foa Torres, Usaj, PRA 91, 043625 (2015).
Baum et al. PRL 114, 136801 (2015).
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                                  IsolatorIsolator

Jalas et al., “What is and what is not an optical isolator”, Nat. Photonics 7, 579 (2013)



  

Crafting one-way transport of chargeCrafting one-way transport of charge
(and valley) and spin(and valley) and spin



  

Haldane modelHaldane model

Haldane's term
second nearest neighbors
(complex)

Graphene + complex second-nearest neighbors term

Bulk gap + edge states

Similar to QHE 
but without Landau levels

F. D. M. Haldane, PRL 61, 2015 (1988).



  

1) stacking

Bilayer with Haldane termBilayer with Haldane term

2) Perpendicular bias



  

Sublattice polarization of the edge states 

Bilayer with Haldane termBilayer with Haldane term

→ Selective environment 

(stacking + sublattice 

polarization of edge states)



  

One-way charge (and valley) transportOne-way charge (and valley) transport

Switch-off



  

Switch-off

But these states are not robust any more!

One-way charge (and valley) transportOne-way charge (and valley) transport



  

Wish list :

(1) Keep the robustness of the surviving edge 
states.

(2) Enhance the switch-off effect 
so that it doesn't depend on edge type.

Making it anti-fragileMaking it anti-fragile
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L. E. F. Foa Torres, V. Dal Lago, E. Suárez Morell, PRB 93, 075438 (2016)

Making it anti-fragileMaking it anti-fragile



  

                                  IsolatorIsolator

Jalas et al., “What is and what is not an optical isolator”, Nat. Photonics 7, 579 (2013)

Pump-like effect without time-dependent potential



  

L. E. F. Foa Torres, V. Dal Lago, E. Suárez Morell, PRB 93, 075438 (2016)

Circulator / IsolatorCirculator / Isolator
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Making it anti-fragileMaking it anti-fragile

But… how to get a Haldane-like term?But… how to get a Haldane-like term?



  

L. E. F. Foa Torres, V. Dal Lago, E. Suárez Morell, PRB 93, 075438 (2016)

Making it anti-fragileMaking it anti-fragile

But… how to get a Haldane-like term?But… how to get a Haldane-like term?

Yes, use light...Yes, use light...



  

V. Dal Lago, E. Suárez Morell, and L. E. F. Foa Torres, PRB 96, 235409 (2018)

Proof of conceptProof of concept



  

The Spin-full case: Bilayer with ISOThe Spin-full case: Bilayer with ISO

Intrinsic spin-orbit term



  

Similar as before but for spin-Hall states.

pure-spin currents 

The Spin-full case: Bilayer with ISOThe Spin-full case: Bilayer with ISO



  

A note directional control:A note directional control:
The search of a transistor-like effect in a metalThe search of a transistor-like effect in a metal

Switch-off in a device that remains metallic!



  

ConclusionsConclusions

Luis Foà Torres  - http://www.foatorres.com/  

. One-way transport built-in the bandstructure (via selective environment). 

. Electrical version of an isolator / circulator.

. Source of nearly perfect charge/valley/spin polarized currents.



  

Matías Berdakin

Go and see Poster #139Go and see Poster #139

M. Berdakin, J. E. Barrios Vargas, and L. E. F. Foa Torres, to appear.
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Text HereText Here

ultrathin 
topological 
insulators

van der Waals 
heterostructures

silicene 
& other 
2D materials

PerspectivesPerspectives

Imagine one-way transport of energy.
Layertronics?



  

Positions available Positions available 

Send me an email to 
luisfoa@gmail.com

Let’s chat during the 
conference.
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