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Abstract—Topological edge states of electromagnetic waves
open new opportunities for designing photonic devices robust
towards unavoidable manufacturing defects. The current paper
presents the numerical simulations of the electrical circuit
corresponding to the extended two-dimensional (2D) Su-
Schrieffer-Heeger (SSH) model which supports an in-gap
topological corner state at GHz frequencies. The results of the
work highlight an essential role of the next-nearest couplings
between the circuit sites for the emergence of topological states.

I. INTRODUCTION

Topological edge states are eigenmodes featuring
localization of the energy on the edges of the structure whose
existence is governed by the symmetries of the bulk.
Topological edge states have been realized with waves of
different nature ranging from radiofrequency [1] and optical [2]
systems to mechanical metamaterials [3]. Electrical circuits
appear one of the platforms allowing to implement topological
edge states. For instance, passive electrical circuits [4], circuits
with operational amplifiers [5] and non-linear elements [6], and
circuits working at the GHz frequencies [7] were used for
demonstrating of topological states. Realization of the
topological states in electrical circuits is based on the rigorous
mathematical equivalence between the tight-binding equations
and Kirchhoff’s rules describing currents in the circuit.

II. DESCRIPTION OF THE PROJECT

Recently, topological corner states located in the
bandgap were experimentally demonstrated in the array of
coupled microwave resonators realizing 2D SSH model [8, 9].
However, according to the theoretical predictions such a model
supports a topological corner state in the continuum. To resolve
this contradiction, we consider an extended 2D SSH model
which differs from the conventional one by the newly
introduced couplings M between the diagonally opposite next-
nearest sites (Fig. 1(a)) [10]. The theoretical calculations for the
model with 9%9 sites and tunneling couplings J=1, K=M=4
predict topological corner state in the bandgap (Fig. 1(b)).

The considered model can be described by the tight-binding
equations. For example, the equation for the site with
coordinates (2,2) has the following form:

J(B2s + B32) + K(Biz + B21) + MByy = €B53, €Y
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Fig. 1. (a) The schematic of the extended 2D SSH model with
tunneling couplings J and K (0<J<K), and additional couplings
M. (b) Spectrum of eigenenergies ¢j versus eigenvalue number
Jj for the model from panel (a) with 9x9 sites and couplings J=1,
K=M=4. The inset shows the field profile of the topological
corner state.

where S, is the amplitude of the electrical field in a site with
coordinates (m,n) and ¢ is the eigenenergy.

Figure 2(a) depicts the schematic of the electrical circuits
corresponding to the extended 2D SSH model. According to the
Kirchhoff’s rules, the sum of currents flowing in the node with
coordinates (2,2) can be represented in the following form:

(a)

Fig. 2. (a) The schematic of the electrical circuit representing
the extended 2D SSH model with inductance coils L, Lk, and
Lwm corresponding to the tunneling couplings J, K, and M,
respectively. Each node is grounded by the capacitor C. (b) The
microstrip metasurface design of the suggested electrical circuit
with distributed parameters.
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Fig. 3. (a) Normalized on-site impedance spectra for each
node between the given node and ground. Gray curves
correspond to the bulk nodes with coordinates (1<m<8,1<n<8),
blue ones — to the nodes with coordinates (1<m<8,n=9) and
(m=9,1<n<8), and red curve corresponds to the node (9,9). (b-
d) Impedance distribution maps at frequencies of the bulk (b),
topological edge (c), and topological corner (d) states.

=01, (P23 + 932) — 0, (@12 + P21) — 0Ly P11 =
= — (ZO-L] + ZGLK + O-LM + ccg) (Pzz, (2)

where o1 and oc are admittances of links with inductors or
capacitors respectively, and gm, is the electric potential at node
with coordinates (7n2,m).

As seen, the equation for tight-binding model (1) and
equation, describing currents in the circuit (2) are equivalent.
Now, we can formulate the relation between the parameters of
the tight-binding model and the parameters of the electrical
circuit (for J=1):
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where f'is the resonant frequency and fo = 1/(2m,/L;C).

Using Keysight Advanced Design System software
package, we performed numerical simulations of the impedance
spectroscopy for each node of the circuit with size 9x9 nodes,
Li=4 (nH), Lx=Lv=1 (nH), and C,=2 (pF). The normalized
impedance spectra at frequency 1..10 GHz and impedance
distribution maps at frequencies of the bulk, edge, and corner
states are depicted in Figure 3. It is seen that, the topological
corner state locates in the bandgap around 6.6 GHz.

III. CONCLUSION

We have demonstrated that the additional couplings between
the diagonally-opposite sites in 2D SSH model lead to the
emergence of the topological corner state in the bandgap.
Numerical simulations of the resonances in the circuit
corresponding to the extended 2D SSH model fully agree with
theoretical predictions for the tight-binding model. Such circuits
working at GHz frequencies can be implemented in the form of
printed circuit boards with microstrips or lumped elements and
used in a wide range of applications ranging from analog data
processing to creating robust transmitters and receivers for Wi-
Fi, LTE, or higher frequencies.
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