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Abstract—Photonic moiré superlattices formed from triangular
lattices of air holes in lithium niobate are studied using two-
dimensional simulations. Flatband modes in the photonic band
structure produce strong field localization and enhancement. A
lattice constant sweep shows a negative correlation with flatband
frequency, with a = 576 nm yielding enhanced confinement near
λ = 1550 nm.

I. INTRODUCTION

Moiré patterns arise when two or more periodic lattices
of inclusions are superimposed with a relative twist angle
θ, producing long-range periodic patterns and enlarged su-
perlattice unit cells. Such structures have attracted significant
attention across condensed matter physics and photonics,
particularly through studies of twisted bilayer graphene and
related photonic crystal systems that enable novel quantum
and optical phenomena [1]–[3]. Superlattices can produce
strong optical field enhancement at the centre of the Moiré
unit cell. Localisation of optical modes in such structures
play a critical role in enhancing light–matter interactions at
low optical powers. Enhanced confinement has been shown
to strengthen exciton interactions in single quantum dots
[4], improve the efficiency of entangled photon generation
in second-order nonlinear materials [5], [6], and support the
development of scalable quantum photonic circuits [7], [8].
The origin of this confinement lies in the long-wavelength pe-
riodic potential introduced by the superlattice, which folds the
photonic band structure into a Moiré mini-Brillouin zone [9].
This band folding can lead to the emergence of flat bands in
the photonic band structure, corresponding to photonic states
that are strongly localised in space [10]. Photons occupying
these flat bands exhibit minimal dispersion and therefore do
not propagate through the structure in the same manner as
modes in conventional bands. The resulting field enhancement
in an effectively two-dimensional platform also relax phase-
matching requirements for certain nonlinear optical processes
[11]. In this paper, we consider a design based on previous
works [12], [13] using 2 triangular lattices of holes to create a
Moiré superlattice with hexagonal unit cells in a second order
non-linear dielectric medium.
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Lithium niobate (LiNbO3) is a widely used synthetic crystal
known for its strong electro-optic, piezoelectric, and nonlinear
optical properties [14]. Interest in this material has developed
with the availability of thin-film lithium niobate platforms
and the large second-order nonlinear susceptibility they offer
for integrated photonics [15]. In addition, electric-field poling
techniques have been extended to two-dimensional lattices,
enabling the demonstration of purely nonlinear photonic crys-
tals [16]. However, such approaches typically require periodic
poling to achieve quasi-phase matching, which introduces
additional fabrication complexity. In this work, we investigate
the feasibility of designing a photonic Moiré superlattice in
lithium niobate. By exploiting the field enhancement associ-
ated with these superlattice structures, we propose a platform
that could significantly improve access to the strong second-
order nonlinearity of LiNbO3 for quantum and photonic
applications. As an initial step, we present a two-dimensional
design and demonstrate how varying the lattice constant of the
triangular lattices shifts the position of flat bands within the
photonic band structure.

II. METHOD

The numerical simulations were performed using the eigen-
solver in the COMSOL Multiphysics® RF Module. A hexag-
onal superlattice geometry was implemented with periodic
boundary conditions applied on all six boundaries of the
superlattice unit cell. Eigenfrequency solutions were computed
for interpolated wave vectors spanning the irreducible Bril-
louin zone. In the initial stage of the study, the structure
was modelled in two dimensions. This approximation reduces
computational cost and enables rapid prototyping of candidate
designs while allowing trends in the band structure to be
identified. The 2D approximation is expected to shift the band
structure toward lower frequencies and neglect out-of-plane
loss mechanisms. For the baseline configuration, the lattice
constant was set to a = 500 nm, with a twist angle θ = 6.01
degrees. The air holes were defined with radius r = 0.24a.
Under these parameters, the resulting superlattice period is
given by a/(2sin(θ/2)). The host medium was modelled
as lithium niobate using a dispersive material model [17],
while the holes were assigned a refractive index n = 1 to



represent air. A parameter sweep was subsequently performed
in which the triangular lattice constant was varied in order
to determine its influence on the flat-band frequency. This
procedure enabled tuning of the flat-band frequency fflat
towards the desired operating range of approximately 190THz
(corresponding to a wavelength of 1550 nm).
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Fig. 1. (a) Schematic of the superlattice showing the Px mode of the magnetic
field distribution for a flatband solution at K and with an fflat around
222 THz. (b) The complete band structure of the superlattice with a = 500 nm
and θ = 6.01 degrees. The flatband is highlighted by a red box.

III. RESULTS AND DISCUSSION

The results of the 2D study are presented in Fig. 1. The
electric field distribution corresponding to the wavevector k
is shown in Fig. 1a, while the calculated band structure is
shown in Fig. 1b. A flat band is clearly observed in the band
structure (highlighted by the red box), confirming the presence
of a non-dispersive mode. The associated field profile demon-
strates strong spatial localization, consistent with the expected
flatband behaviour. The light confinement mechanism agrees
with previous studies [12], with the majority of the electric
field concentrated within the central hole of the structure. A
parameter sweep of the lattice constant is shown in Fig. 2.
The results indicate a positive linear relationship between the
lattice constant and the flatband wavelength as expected due to
the scale invariance of Maxwell’s equations. From the linear
fit, one can extract the value at which a flatband wavelength
appears at 1550nm corresponding to a = 576 nm, also shown
in at the intersection of the red and black lines Fig. 2.

IV. CONCLUSION

In this work, we have demonstrated the design of a moiré
photonic superlattice in Lithium Niobate and investigated the
dependence of the flat-band frequency on the lattice constant.
As an example, the band structure and corresponding field
distribution of various lattice constants a were analysed,
confirming the presence of flatband modes and strong field
localisation. These results represent an initial step toward the
development of a lithium niobate–based platform for nonlinear
photonic applications, finding a linear fit used for tuning the
confined wavelength. A lattice constant a = 576 nm is found
to be capable of confining light at telecoms wavelengths.
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Fig. 2. The eigenfrequencies presenting the flatband of interest for different
triangular lattice constants is represented by blue data points. The red linear
fit has equation λ = 0.0027a + 0.0057. The black dashed line shows the
telecoms band of λ = 1550nm.
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