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Hybrid surface waves in twisted anisotropic heterometasurfaces
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Recent advances in twisted photonic structures (e.g., twisted bilayer graphene and twisted anisotropic
metasurfaces) have enabled many exotic phenomena of light-matter interactions, such as topological
transition of the isofrequency contour of surface waves at the magic angle, photonic flatbands, and
localization-to-delocalization transition of light. In general, the optical features of these twisted pho-
tonic structures are sensitive to the interlayer twist angle. Here we investigate the mode hybridization
of surface waves supported by twisted bilayer anisotropic heterometasurfaces, whose two constituent
metasurfaces are nonidentical and support surface waves with similar spatial confinements but distinct
polarizations. Counterintuitively, we find that the shape of the isofrequency contour of these hybrid sur-
face waves—eigenmodes with both transverse magnetic and transverse electric wave components—can
be insensitive to the twist angle, due to the weak interlayer electromagnetic coupling. Moreover, the inter-
layer distance provides a unique route to reshape the dispersion of one specific kind of hybrid surface
wave, while it has negligible influence on the other kinds. Our finding enriches the physics of light-matter
interactions in twisted photonic structures and may open new possibilities to mold the flow of light at the
subwavelength scale.

DOI: 10.1103/PhysRevApplied.21.064034

Twisted photonic structures with an interlayer ori-
ented misalignment, such as twisted bilayer graphene
[1–9], twisted metasurfaces [10–19], twisted metamateri-
als [20–25], and twisted photonic crystal slabs [26–30],
provide an enticing platform to mold the flow of light
both in the far field and in the near field. They have now
enabled many exotic phenomena of light-matter interac-
tions [31–35], such as the emergence of photonic flatbands
[26,36–39], moiré light lines [40], broadband field canal-
ization [17,25,41,42], localization-to-delocalization transi-
tion of light [43–48], and the quantum spin Hall effect of
light [49–52].

Twisted bilayer anisotropic metasurfaces are a rep-
resentative yet complex photonic twisted structure, due
to the interplay between the material anisotropy and
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their rotational misalignment. When the two constituent
metasurfaces are the same, there will be strong near-field
electromagnetic coupling between them. Accordingly,
the dispersion of surface waves (e.g., metal plasmons,
graphene plasmons, and spoof surface plasmons) sup-
ported by these twisted bilayer anisotropic homometa-
surfaces is generally sensitive to the structural geome-
try, including the twist angle and the interlayer distance.
As a typical example, the topological transition of the
isofrequency contour of surface waves in twisted α-phase
molybdenum trioxide (α-MoO3) [22–25] and moiré hyper-
bolic metasurfaces [17,53–55] will occur at a specific twist
angle, namely, the so-called magic angle.

In general, these two constituent metasurfaces are not
necessarily the same, and the optical features of surface
waves supported by each constituent metasurface, such
as their polarizations, can be quite different [56–59]. As
background, surface waves supported by an anisotropic
metasurface generally have both transverse magnetic (TM)
and transverse electric (TE) wave components, and the
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polarizations of these hybrid TM-TE surface waves are
directly related to the field ratio between their TM and
TE wave components. Essentially, this field ratio could
vary by orders of magnitude by one merely tailoring the
anisotropy of metasurfaces as shown in Figs. 1(b) and 1(c).
Looking forward, these twisted bilayer anisotropic het-
erometasurfaces might provide more opportunities to engi-
neer the dispersion of hybrid surface wave and mold
the flow of light at the subwavelength scale. Despite
some recent progress regrading twisted van der Waals
heterostructures [60–66], the fundamental optical prop-
erties of twisted bilayer anisotropic heterometasurfaces
are underexplored. Particularly, while the polarization is
a fundamental property for these hybrid surface waves,
its potential influence on the mode hybridization between
the surface waves supported by twisted bilayer anisotropic
heterometasurfaces remains elusive.

To address this issue, here we investigate hybrid
surface waves supported by twisted bilayer anisotropic
heterometasurfaces whose two constituent metasurfaces
support surface waves with similar spatial confinements
but distinct polarizations. We find that the shape of the

isofrequency contour of these hybrid surface waves can
be insensitive to the twist angle, even when the interlayer
distance is on the deep-subwavelength scale. This finding
indicates that the twisted bilayer anisotropic heterometa-
surface could have very weak electromagnetic interaction
between neighboring nonidentical metasurfaces. More-
over, we reveal that the influence of the interlayer distance
on these hybrid surface waves is intrinsically polarization
sensitive. To be specific, when the hybrid TM-TE sur-
face waves are dominated by their TM wave component,
they are termed “TM-dominant surface waves,” and their
dispersion is sensitive to the variation of the interlayer dis-
tance. By contrast, when the hybrid TM-TE surface waves
have approximately the same strengths of their TM and
TE wave components (termed “TM-TE-dominant surface
waves”) or are dominated by their TE wave components
(termed “TE-dominant surface waves”), their dispersion
becomes insensitive to the interlayer distance.

We begin with the introduction of hybrid surface waves
supported by a single anisotropic metasurface in Fig. 1(a).
Under the coordinate xyz, the anisotropic metasurface is
modeled by a surface conductivity ¯̄σs = diag[σs,xx , σs,yy].

(a) (b) (c)

(d) (e) (f)

maximum
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FIG. 1. Hybrid elliptical surface waves supported by twisted bilayer anisotropic heterometasurfaces. The working frequency is
chosen to be ω0/2π = 15 THz, and k0 = ω0/c. (a) Single metasurface, which supports the propagation of of surface waves. (b) Isofre-
quency contour (represented by a dashed green line) of elliptical TM-dominant surface waves with σs,xx = 3.5 × 10−5i S and
σs,yy = 1.2 × 10−4i S. (c) Isofrequency contour (represented by a dashed blue line) of elliptical TM-TE-dominant and TE-dominant
surface waves with σs,xx = −0.25i S and σs,yy = −0.9i S. The field ratio between the TM and the TE wave components of hybrid
surface waves, namely, |ETM/ETE|, is shown along the isofrequency contour in (b),(c). In (c), TE-dominant surface waves emerge if k̄‖
is almost parallel to x̂ or ŷ, while TM-TE-dominant surface waves emerge if k̄‖ is away from x̂ or ŷ. (d),(e) Structural schematic of the
designed bilayer heterometasurface produced by our directly stacking the two nonidentical anisotropic metasurfaces in (b),(c) together.
(f) Isofrequency contour of hybrid surface waves supported by the designed bilayer heterometasurface with twist angle θ = 0◦. For
comparison, the dashed blue and green lines in (b),(c) are also shown in (f). The definition of � is provided in Eq. (2).
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For illustration, this metasurface is placed at the plane
of z = 0, and its surrounding dielectric has relative per-
mittivity εr (e.g., εr = 1 used in this work). Below
the coordinate transformation is applied for the disper-
sion calculation. Without loss of generality, the surface
waves are assumed to propagate along the +x̂′ direc-
tion in a new coordinate x′y ′z′ and have a wave vec-
tor k̄ = ẑkz + k̄‖. That is, we have k̄‖||x̂′, where the
azimuthal angle between x̂′ (or k̄‖) and x̂ is ϕ in
Fig. 1(b). In this newly established coordinate, the sur-
face conductivity of the metasurface can also be expressed

as ¯̄σ ′
s =

[
σ ′

s,xx σ ′
s,xy

σ ′
s,xy σ ′

s,yy

]
, where σ ′

s,xx = σs,xx cos2ϕ +
σs,yy sin2ϕ, σ ′

s,yy = σs,xx sin2ϕ + σs,yy cos2ϕ, and σ ′
s,xy =

(σs,xx − σs,yy)sin ϕ cos ϕ. Then by our enforcing the elec-
tromagnetic boundary conditions, the dispersion of hybrid
surface waves supported by this single metasurface can be
obtained as [67]
(

2 + σ ′
s,xx

kz

ωε0εr

) (
σ ′

s,yy + 2
kz

ωμ0

)
− σ ′

s,xy
2 kz

ωε0εr
= 0,

(1)

where ε0 (μ0) is the permittivity (permeability) of free
space. Generally, the isofrequency contour of hybrid
surface waves governed by Eq. (1) is elliptical if
Im(σs,xx)Im(σs,yy) > 0 as shown in Fig. 1, and it will be
hyperbolic if Im(σs,xx)Im(σs,yy) < 0.

We first consider the hybrid elliptical surface waves
supported by an anisotropic metasurface in Fig. 1(a). To
characterize the polarization of hybrid surface waves, we
show in Figs. 1(b) and 1(c) |ETM/ETE|, namely, the field
ratio between the electric field ETM of their TM wave
component and the electric field ETE of their TE wave com-
ponent, along the trajectory of their isofrequency contour
in a kx - ky parameter space. |ETM/ETE| is on the order
of 104 when the metasurface, for example, has σs,xx =
3.5 × 10−5i S and σs,yy = 1.2 × 10−4i S [Fig. 1(b)]. In
other words, the hybrid elliptical surface waves in Fig. 1(b)
are dominated by the TM wave component. These TM-
dominant surface waves can be further approximately
treated as linearly polarized TM surface waves. By
contrast, |ETM/ETE| is around 1 if k̄‖ is away from x̂
and ŷ [Fig. 1c], when the metasurface, for example, has

σs,xx = −0.25i S S and σs,yy = −0.9i S S. These TM-
TE-dominant surface waves can no longer be approx-
imately treated as linearly polarized surface waves. In
addition, if k̄‖ is very close to x̂ and ŷ [Fig. 1(c)],
|ETM/ETE| could be much smaller than 1, and the
related surface waves are essentially TE-dominant sur-
face waves. From Figs. 1(b) and 1(c), despite these hybrid
TM-dominant, TE-dominant, and TM-TE-dominant sur-
face waves possibly having similar field confinements,
their |ETM/ETE| and thus their related polarizations
can be quite different. Below we focus the discussion
on TM-TE-dominant surface waves, which are under-
explored. On the other hand, the anisotropic meta-
surface with the surface conductivity mentioned can,
in principle, be constructed, for example, by struc-
tured metal films [68–78] or low-dimensional materials
[33,79–88]. Since the hybrid surface waves in Fig. 1
have their in-plane wavelength highly squeezed and are
essentially nonradiative, their detection in practice gener-
ally relies on some near-field measurement techniques in
the microwave regime [89,90] or scattering-type scanning
near-field optical microscopy in the infrared regime or the
visible regime [22,23].

By our stacking the two nonidentical metasurfaces in
Figs. 1(b) and 1(c) together, a twisted bilayer anisotropic
heterometasurfaces can be formed. Below, we discuss
hybrid surface waves supported by this bilayer heterometa-
surface as shown in Figs. 1(d) and 1(e). The twisted
bilayer anisotropic heterometasurface has twist angle θ

and interlayer distance d in Figs. 1(d) and 1(e), where
the upper (lower) metasurface is located at the plane of
z = d/2 (z = −d/2). For twisted photonic structures, the
dispersion of surface waves can be calculated with a series
of coordinate transformations [23]. For brevity, we refer to
the coordinate system aligned with the optical axes of the
upper (lower) metasurface as xyz (x′y ′z), and the surface
conductivity of the upper (lower) metasurface is denoted
as ¯̄σupper = diag[σupper,xx, σupper,yy] ( ¯̄σ lower = diag[σlower,x′x′ ,
σlower,y ′y ′]). Meanwhile, we build the x′′y ′′z coordinate by
letting k̄‖ = x̂′′|k‖|. Correspondingly, the azimuthal angle
between k̄‖ and x̂ (x̂′) is defined as ϕ1 (ϕ2). After some cal-
culation, the dispersion of hybrid surface waves supported
by this twisted bilayer anisotropic heterometasurface can
be obtained as

� =

∣∣∣∣∣∣∣∣∣∣∣∣∣

σupper,x′′x′′ kz

ωε0εr
eikzd/2 −

(
2 + σupper,x′′x′′ kz

ωε0εr

)
e−ikzd/2 σupper,x′′y ′′eikzd/2 σupper,x′′y ′′e−ikzd/2

σupper,x′′y′′ kz

ωε0εr
eikzd/2 − σupper,x′′y′′ kz

ωε0εr
e−ikzd/2 σupper,y ′′y ′′eikzd/2

(
2kz
ωμ0

+ σupper,y ′′y ′′
)

e−ikzd/2

(
2 + σlower,x′′x′′ kz

ωε0εr

)
e−ikzd/2 − σlower,x′′x′′ kz

ωε0εr
eikzd/2 σlower,x′′y ′′e−ikzd/2 σlower,x′′y ′′eikzd/2

σlower,x′′y′′ kz

ωε0εr
e−ikzd/2 − σlower,x′′y′′ kz

ωε0εr
eikzd/2

(
2kz
ωμ0

+ σlower,y ′′y ′′
)

e−ikzd/2 σlower,y ′′y ′′eikzd/2

∣∣∣∣∣∣∣∣∣∣∣∣∣

= 0,

(2)

064034-3



XINYAN ZHANG et al. PHYS. REV. APPLIED 21, 064034 (2024)

where σupper,x′′x′′ = σupper,xxcos2ϕ1 + σupper,yysin2ϕ1,
σupper,y ′′y ′′ = σupper,xx sin2ϕ1 + σupper,yy cos2ϕ1, σupper,x′′y ′′ =
(σupper,xx − σupper,yy)sin ϕ1 cos ϕ1, σlower,x′′x′′ = σlower,x′x′
cos2ϕ2 + σlower,y ′y ′ sin2ϕ2, σlower,y ′′y ′′ = σlower,x′x′ sin2ϕ2 +
σlower,y ′y ′ cos2ϕ2, and σlower,x′′y ′′ = (σlower,x′x′ − σlower,y ′y ′)
sin ϕ2 cos ϕ2.

According to Eq. (2), Fig. 1(f) shows the isofrequency
contour of hybrid surface waves supported by a twisted
bilayer anisotropic heterometasurface with twist angle
θ = 0◦. We find that one type of hybrid surface wave
in Fig. 1(f) has almost the same isofrequency contour as
the TM-TE-dominant surface waves supported by a sin-
gle metasurface in Fig. 1(c). From this, we can argue that
this type of hybrid surface wave is also TM-TE domi-
nant or TE dominant. Actually, the isofrequency contour of
these TM-TE-dominant and TE-dominant surface waves
supported by the designed bilayer heterometasurface is
also insensitive to the interlayer distance. This indicates
that the electromagnetic coupling between neighboring

nonidentical metasurfaces is relatively weak, despite the
deep-subwavelength interlayer distance. Accordingly, we
can infer that the other type of hybrid surface wave in
Fig. 1(f) is essentially TM dominant. However, its isofre-
quecy contour in Fig. 1(f) is distinct from the isofrequecy
contour of TM-dominant surface waves supported by a
single metasurface in Fig. 1(b). When the interlayer dis-
tance decreases, the isofrequency contour of these TM-
dominant surface waves supported by the designed bilayer
heterometasurface will expand in the kx - ky parameter
space.

We now proceed to discuss the influence of the
twist angle θ on TM-TE-dominant surface waves sup-
ported by this designed heterometasurfaces with a
deep-subwavelength interlayer distance as shown in
Figs. 2(a)–2(c). Counterintuitively, the primary shapes
of these two isofrequency contours remain almost the
same for an arbitrary twist angle, apart from their rela-
tive angle of orientation. That is, all the TM-dominant,

(a) (b)

(c) (d)

maximum

minimum

FIG. 2. Influence of the twist angle on hybrid elliptical surface waves supported by twisted bilayer anisotropic heterometasurfaces.
(a)–(c) Heterometasurfaces with (a) θ = 30◦, (b) θ = 60◦, and (c) θ = 90◦. The structural setup is the same as in Fig. 1(d), except
for the twist angle θ . For illustration, the green and/or blue lines from Figs. 1(b) and 1(c) are also shown in (b); meanwhile, the blue
line from Fig. 1(c) is rotated by an angle, the same as the twist angle, in each plot. (d) Homometasurfaces, whose lower and upper
constituent metasurfaces are both the same as in Fig. 1(b). In (d), one dashed green line is from Fig. 1(b) and the other dashed green
line is also from Fig. 1(b) but rotated by 90°. The interlayer distance d in (a)–(d) is 0.002λ0.

064034-4



HYBRID SURFACE WAVES. . . PHYS. REV. APPLIED 21, 064034 (2024)

(a) (b) (c) (d)

(e) (f) (g) (h)

maximum

minimum

FIG. 3. Hybrid hyperbolic surface waves supported by twisted bilayer anisotropic heterometasurfaces. (a) Single metasurface, which
supports the propagation of surface waves. (b) Isofrequency contour (represented by a dashed green line) of hyperbolic TM-dominant
surface waves supported by an anisotropic metasurface with σs,xx = 7.5 × 10−5i S and σs,yy = −2.5 × 10−5i S. (c) Isofrequency con-
tour (represented by a dashed blue line) of hyperbolic TM-TE-dominant and TE-dominant surface waves supported by an anisotropic
metasurface with σs,xx = 2i S and σs,yy = −0.4i S. In (c), TE-dominant surface waves appear if k̄‖ is almost parallel to x̂, while TM-TE-
dominant surface waves emerge if k̄‖ is away from x̂. (d),(e) Structural schematic of the designed bilayer heterometasurface produbed
by our directly stacking the two nonidentical anisotropic metasurfaces in (b),(c) together. (f)–(h) Isofrequency contours of hybrid sur-
face waves supported by the designed heterometasurfaces with twist angle θ (whose value is given in each plot) and d = 0.002λ0. For
comparison, the dashed green and blue lines in (b),(c) are also plotted in (g); meanwhile, the blue line from (c) is rotated by an angle,
the same as the twist angle, in each plot.

TE-dominant, and TM-TE-dominant surface waves (e.g.,
their isofrequency contours) supported by the designed
twisted bilayer heterometasurfaces may not necessarily be
affected by the oriented misalignment between neighbor-
ing constituent metasurfaces. By contrast, for the twisted
bilayer anisotropic homometasurfaces in Fig. 2(d), the pri-
mary shapes of these two isofrequency contours have dras-
tic changes, especially at their crossings. Essentially, these
original crossings would disappear, and these two isofre-
quency contours would merge into one distorted but con-
tinuous contour. In this way, the optical feature of twisted
bilayer heterometasurfaces in Figs. 2(a)–2(c) is totally dis-
tinct from that of twisted bilayer homometasurfaces in
Fig. 2(d).

Similarly, the single anisotropic metasurface could
also support hyperbolic TM-dominant, TE-dominant, and
TM-TE-dominant surface waves when Im(σs,xx)Im(σs,yy)

< 0. For example, TM-dominant hyperbolic surface waves
could emerge when σ1,xx = 7.5 × 10−5i S and σ1,yy =
−2.5 × 10−5i S as shown in Figs. 3(a) and 3(b), and TM-
TE-dominant and TE-dominant hyperbolic hybrid surface
waves with a spatial confinement similar to that in Fig. 3(b)

could emerge when σ2,xx = 2i S and σ2,yy = −0.4i S as
shown in Fig. 3(c). Below we discuss the hyperbolic
TM-dominant, TE-dominant, and TM-TE-dominant sur-
face waves supported by a twisted bilayer anisotropic het-
erometasurface [Figs. 3(d)–3(h)] produced by our directly
stacking the two metasurfaces in Figs. 3(b) and 3(c)
together. We find that the exotic phenomenon of hybrid
elliptical surface waves revealed in Figs. 1 and 2 can
also be extended to hybrid hyperbolic surface waves as
shown in Figs. 3(f)–3(h). For example, the isofrequency
contours of hyperbolic TM-TE-dominant surface waves in
the designed bilayer heterometasurface in Figs. 3(f)–3(h)
are the same as the isofrequency contour of TM-TE-
dominant surface waves in a single anisotropic metasur-
face in Fig. 3(c), irrespective to the twist angle and the
interlayer distance. The hyperbolic TM-dominant surface
waves supported by our designed bilayer heterometasur-
faces in Figs. 3(f)–3(h) are insensitive to the twist angle,
despite the shape of their isofrequency contour being
sensitive to the variation of the interlayer distance.

According to Figs. 3(f)–3(h), the twisted bilayer
heterometasurface might offer an enticing platform to mold
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FIG. 4. Molding the flow of light separately in space by exploiting twisted bilayer heterometasurfaces. (a) Structural schematic.
The heterometasurfaces here are the same as those in Figs. 3(f)–3(h). The dipolar source has dipole moment p̄ = x̂px, and the vertical
distance between the source and the lower metasurface ds = 0.0001λ0. (b)–(d) Radiation patterns of excited surfaces at z = ±z0
for various interlayer twist angles θ , where z0 = 0.001λ0. For the radiation patterns of the twisted bilayer heterometasurfaces in
(b)–(d), the upper metasurface is always fixed, while the lower metasurface is rotated by an angle θ with respect to the upper one.
Under this scenario, the upper metasurface mainly supports the propagation of TM-dominant surfaces waves, and accordingly, the
radiation pattern of excited surface waves at z = +z0 will not rotate if θ varies. By contrast, the lower metasurface mainly supports
the propagation of TM-TE-dominant and TE-dominant surfaces waves, and the radiation pattern of excited surface waves at z = −z0
will rotate accordingly if θ varies.

the flow of deep-subwavelength surfaces waves separately
in space. For conceptual illustration, a dipolar source with
dipole moment p̄ = x̂px is placed between the upper and
lower metasurfaces [Fig. 4(a)]. As background, all types of
surface wave, including TM-dominant, TM-TE-dominant,
and TE-dominant surface waves, could be excited by this
dipolar source. Under this scenario, the excited surface
waves at the plane above the upper metasurface [i.e.,
the plane of z = z0 in Fig. 4(a)] essentially correspond
to TM-dominant surface waves supported by the upper
metasurface, where z0 = 0.001λ0. Correspondingly, the
radiation pattern of excited surface waves at z = z0 in
Figs. 4(b)–4(d) would not rotate if the twist angle θ varies.
By contrast, the radiation pattern of excited surface waves
at z = −z0 in Figs. 4(b)–4(d) would rotate accordingly
if θ varies, since the excited surface waves at z = −z0
correspond mainly to TM-TE-dominant and TE-dominant
surface waves supported by the lower metasurface.

These exotic phenomena of hybrid surface waves
revealed in Figs. 1–3 exist widely for twisted bilayer
anisotropic heterometasurfaces, as long as their two con-
stituent metasurfaces support hybrid surface waves with
similar spatial confinements but distinct polarizations;
namely, one constituent metasurface supports
TM-dominant surface waves and the other supports

TM-TE-dominant and TE-dominant surface waves. This
fact is further verified in Fig. 5, where we let one con-
stituent metasurface support elliptical TM-TE-dominant
and TE-dominant surface waves and the other constituent
metasurface support hyperbolic TM-dominant surface
waves. Under this scenario, only the isofrequency contour
of hyperbolic TM-dominant surface waves is sensitive to
the interlayer distance. For illustration, we show in Fig. 5
the directional near-field excitation of these TM-dominant
surface waves, by placing a point dipolar source close to
the designed bilayer heterometasurface. The wavelength of
excited TM-dominant surface waves can be readily tuned
by changing the interlayer distance [Figs. 5(c)–5(e)] but it
is insensitive to the twist angle [Figs. 5(a)–5(c)].

In conclusion, we have investigated hybrid TM-
dominant, TE-dominant, and TM-TE-dominant surface
waves in twisted bilayer anisotropic heterometasurfaces
by letting the two nonidentical constituent metasurfaces
support hybrid surface waves with similar spatial confine-
ments but distinct polarizations. We have revealed that
all TM-dominant, TE-dominant, and TM-TE-dominant
surface waves are robust regarding the variation of the
twist angle, despite the interlayer distance being on the
deep-subwavelength scale. This exotic feature of hybrid
surface waves in twisted heterometasurfaces might
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FIG. 5. Hybrid surface waves supported by twisted bilayer anisotropic metasurfaces, whose upper constituent metasurface sup-
ports hyperbolic TM-dominant surface waves and whose lower constituent metasurface supports elliptical TM-TE-dominant and
TE-dominant surface waves. (a)–(c) Influence of the twist angle. (c)–(e) Influence of the interlayer distance. For illustration, the top
panels show the isofrequency contours of hybrid surface waves, and the bottom panels show the distributions of fields [i.e., Re(Ez)]
excited by a dipolar source oscillating parallel to the ẑ direction. The upper constituent metasurface has σupper,xx = −7.5 × 10−5i S and
σupper,yy = 7.5 × 10−5i S and supports hyperbolic TM-dominant surface waves with an isofrequency contour depicted by the dashed
green line in (c). The lower constituent metasurface has σlower,x′x′ = −0.5i S and σlower,y ′y ′ = −0.75i S and supports elliptical TM-TE-
dominant and TE-dominant surface waves with an isofrequency contour depicted by the dashed green line in (a). In addition, the blue
line from (a) is rotated by an angle, the same as the twist angle, in each plot.

facilitate the fabrication of some multilayer plasmonic
nanostructures, particularly when the interlayer oriented
misalignment is not wanted. Moreover, we have found
that the interlayer distance could play a crucial role in
engineering the dispersion of TM-dominant surface waves,
while it has negligible impact on TE-dominant and TM-
TE-dominant surface waves. This finding indicates an
alternative way to flexibly modulate the propagation of
light on the deep-subwavelength scale.

The data that support the findings of this study are avail-
able within the article and in Supplemental Material [67].
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