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S1. Band inversion and topological invariants in superlattices 

We systematically construct co-localized phononic and optical interface modes in 
concatenated superlattices by a band inversion principle. This construction principle is rooted 
in the topological properties of the band structures associated to the lattices. In this section, 
we establish the connection between these topological properties and cavity concepts from 
photonics and phononics. Generally, the generation of an interface state between two 
concatenated superlattices requires that they exhibit a common bandgap. In addition, for some 
frequency inside this gap, the individual reflection phases  and  of the superlattices 
must satisfy the roundtrip condition Eq. (S1), which we illustrate in Fig. S1. 

 
 + = 2 , ∈ ℤ (S1) 

 
Fig. S1. . Schematic of the cavity roundtrip and accumulated reflection phases  and 

. 

Essentially, the band inversion principle presented in Fig. 1 of the main text guarantees 
fulfillment of Equation (S1) by exploiting its relation to symmetries of the Bloch modes 
bounding a common bandgap from below and above. These symmetry relations can be 
furthermore cast as a statement about topological invariants as discussed below. 

In our experimental realization, we use centrosymmetric unit cells for the superlattices as 
sketched in Figure S2(a). For this case, the connection between mode symmetries at the band 
edges and reflection phases of the lattices can be heuristically understood: An antisymmetric 
mode (violet dots in Figure S2) presents a node at the superlattice surface, resulting in a 
reflection phase of zero. For a symmetric band edge mode, the reflection phase is ± . For our 
specific case, we find that the reflection phase across the second band gap (dashed red box in 
Figure S2) evolves from zero to π across the band gap for δ < 0 and from –π to zero for δ > 0, 
respectively [1–4]. That is, the sign of the parameter δ, which describes the internal structure 
of the unit cell, directly determines the sign of the reflection phase . This statement about 
symmetries and reflection phases is closely related to the topological properties of the 
individual Bloch bands. 
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Fig. S2. Band inversion in a photonic-phononic superlattice characterized by Zak phases. (a) 
Schematic of the unit cells of two DBRs parametrized by δ, which describes the relative 

thickness of the materials. Color-code is the same as in Fig.1 of the main text. The inverted 
Bloch mode symmetries around the first band gap (dashed red box) are indicated with violet 
and green dots. For both acoustic phonons (a) and photons (b) this inversion is related to an 

exchange in topological winding number of the bands (0 to π and vice versa). 

 
In Figure S2, we show the same band structures as in Fig. 1 of the main text and assign a 

topological winding number to each band. This winding number is an analog of the Berry 
phase [5] in one-dimensional systems with a discrete spatial translation symmetry and termed 
the Zak phase [6]. In the Bloch-mode basis, the Zak phase is defined via the integral over the 
first Brillouin zone 
 = γ ,∗ ,/

/  (S2) 
 

Here, ,  is the cell-periodic part of the Bloch mode describing the electric field or 
the mechanical displacement at quasi-momentum k in the n-th band, respectively. The 
normalization factor γ  is the dielectric function  in the optical case and  
for the mechanical case with  and  the mass density and speed of sound, 
respectively [2].  

In systems with spatial inversion symmetry, i.e. symmetric unit cells, the value of the Zak 
phase may only assume one of the two values 0 and π [6,7]. Furthermore, there is a direct 
relation between the value of the Zak phase for a given band and the symmetries of the Bloch 
modes at the upper and lower edge of the band. For equal symmetries, the Zak phase is zero, 
otherwise it is π. For the case studied in Fig. S2, we find that upon changing the sign of δ, we 
invert the winding numbers of the two Bloch bands bounding the second bandgap from above 
and below. It was shown in Ref.  [1,2] that by summing up the Zak phases of all Bloch bands 
below a specific gap, one can directly infer the order of symmetries for the edge modes 
around it and therefore the sign of the reflection phase. In our specific example, this general 
relation reduces to  
 = exp +  (S3) 
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The difference in Zak phase for the first Bloch band in Figure S2 when comparing the 
band structures at the left and right thus dictates that Equation (S1) is fulfilled in the second 
gap.  
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