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The 2016 Nobel Prize in Physics was awarded to Kosterlitz, Thouless, and Haldane for their pioneering 

theoretical work on the novel and counter-intuitive phases of matter that are now referred to as topological 

phases. Almost half a century after these researchers applied powerful mathematical techniques of topology 

to condensed matter systems, a new rapidly developing area is taking shape, now in the field of photonics. 

While a broad range of photonic topological structures has been proposed, most of them have periods of 

the order of a wavelength of light in vacuum. “Shrinking” the size of photonic topological insulators (PTIs) 

to nanoscale requires that we employ polaritons: hybrid objects that combine electromagnetic excitations 

and material excitations.  

In this talk I will demonstrate how graphene surface plasmon polaritons (GSPPs) can be used as a 

reconfigurable platform for creating topological photonic phases on the nanoscale. The platform is 

illustrated in Fig.1: a suspended single layer graphene is placed in close proximity of a patterned metallic 

electrode. The electrode is comprised of a connected metal plate, with a hexagonal array of holes drilled 

into it. By applying voltage between the patterned electrode and graphene, one can induce a strongly non-

uniform distribution of chemical potential, 𝐸𝐹(𝑥, 𝑦), as shown Fig.1(b). This chemical potential profile 

strongly modifies the propagation of GSPPs, and endows them with non-trivial valley-Chern numbers. 

Depending on the spatial orientation of the triangular holes, the Chern number can reverse its sign, creating 

an opportunity for engineering domain walls between different topological phases. Therefore, according to 

bulk-boundary correspondence principle, an domain walls between two topologically-nontrivial domains 

with different Chern numbers supports topologically-protected kink states shown in Figs.1(c,d). We 

demonstrate that such kink states can propagate along sharply curved domain walls without undergoing 

reflections. Their propagation can be electrically controlled, and even switched off. 

   
Figure 1| (a) Schematic of a photonic valley-Hall structures based on a sheet of graphene suspended over a nano-patterned 
electrode.  (b) Variation of the chemical potential 𝐸𝐹(𝑥, 𝑦) (in eV) produced by applying 𝑉 = 4Volts across a ℎ = 4nm gap 
between the electrode and graphene.  (c) Topologically protected kinks states produced at the interface between two topologically 
distinct domains shown in (d, right): the top domain has triangular holes oriented tip-down, and the bottom domain has triangular 
holes oriented tip-up. The fields are strongly localized at the interface, and positive/negative index waves are supported, depending 
on which domain is on top/bottom. Structure size: 𝐿 = 100nm. 


