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Abstract. Dynamically tunable metasurfaces employing chalcogenide phase-change materials (PCMs) such
as Ge2Sb2Te5 alloys have garnered significant attention and research efforts. However, the utilization of
chalcogenide PCMs in dynamic metasurface devices necessitates protection, owing to their susceptibility
to volatilization and oxidation. Conventional protective layer materials such as Al2O3, TiO2, and SiO2
present potential drawbacks including diffusion, oxidation, or thermal expansion coefficient mismatch with
chalcogenide PCMs during high-temperature phase transition, severely limiting the durability of chalcogenide
PCM-based devices. In this paper, we propose, for the first time to our knowledge, the utilization of
chalcogenide glass characterized by high thermal stability as a protective material for chalcogenide PCM.
This approach addresses the durability challenge of current dynamic photonic devices based on chalcogenide
PCM by virtue of their closely matched optical and thermal properties. Building upon this innovation,
we introduce an all-chalcogenide dynamic tunable metasurface filter and comprehensively simulate and
analyze its characteristics. This pioneering work paves the way for the design and practical implementation
of optically dynamically tunable metasurface devices leveraging chalcogenide PCMs, ushering in new
opportunities in the field.
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1 Introduction
Metasurfaces, artificially engineered planar structures com-
posed of subwavelength-resonant meta-atoms, have garnered
considerable attention owing to their versatile wavefront
shaping capabilities.1–4 Various innovative photonic devices
have been developed based on optical metasurfaces, including
absorbers,5–8 planar lenses,9,10 polarizers,11,12 beam diverters,13,14

and holograms,15,16 among others. In these devices, subwave-
length meta-atoms play a crucial role in locally engineering
the phase, amplitude, and polarization of light, leveraging their
ability to support electrical and/or magnetic resonances.

Typically crafted from materials such as metal or dielectrics
such as gold, silicon, and germanium, these meta-atoms confer
fixed functionality to metasurfaces, with their optical response
predetermined by their structure, size, spatial arrangement, and
material properties,3 thereby constraining their applications
to some extent. Reconfigurable metasurfaces, endowed with
tunable optical responses, present exciting prospects for wave-
front shaping, offering broader utility than conventional optical
metasurfaces.17,18 Dynamic metasurfaces achieve this versatility
by manipulating the optical properties of the active material
comprising the meta-atoms. Currently, a range of materials, in-
cluding transparent conductive oxides,19,20 semiconductors,21,22

two-dimensional materials,23,24 liquid crystals,25–27 and phase-
change materials (PCMs)28–31 have been employed as active con-
stituents for fabricating reconfigurable metasurfaces, facilitating
dynamic wavefront shaping of light. Among these, PCMs have
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attracted significant attention and extensive research interest due
to their distinctive light-modulation capabilities. In particular,
chalcogenide PCMs, such as GeSbTe-based alloys, exhibit rapid
and reversible switching between amorphous and crystalline
states under external stimuli such as thermal, optical, or electri-
cal inputs.32 This large optical contrast offers substantial flexi-
bility for dynamic wavefront-shaping designs. Notably, unlike
other PCMs such as VO2,

33,34 chalcogenide PCMs are nonvola-
tile,35 obviating the need for continuous energy supply to main-
tain their amorphous or crystalline states. This characteristic
enables the realization of fast, energy-efficient dynamically re-
configurable optical metasurfaces and devices. Several metasur-
faces incorporating chalcogenide PCMs in the meta-atoms, or
even entirely fabricated from chalcogenide PCMs, have been
reported. However, the latter configuration, owing to the larger
volume of PCM, poses challenges to achieving the high cooling
rates required for rapid re-amorphization,36,37 thereby affecting
the switching speed of optical resonances. Regardless of con-
figuration, chalcogenide PCMs necessitate a protective layer
to prevent oxidation or volatilization during the phase change
process, given the relatively high temperatures involved.
Commonly employed protective materials include oxide mate-
rials such as Al2O3, TiO2, and SiO2.

38,39 Furthermore, for de-
signing and fabricating plasmonic-based dynamic metasurfaces,
chalcogenide PCMs typically require direct contact with metal-
lic materials such as Au, Ag, or Al, as the plasmonic effect
decays exponentially with the distance between the metal layer
and the PCM.40 However, both the oxide protective layer and the
metal layer are prone to interfacial reactions or diffusion with
chalcogenide PCMs during phase change, affecting the crystal-
lization kinetics and optical constants of the PCMs. Regrettably,
many research works have overlooked these issues, resulting
in dynamic optical metasurfaces and devices with uncertain
switching responses and insufficient cycling times, limited to
only tens to hundreds of cycles, which is far below the inherent
cycling durability of the materials themselves [∼1015 cycles for
Ge2Sb2Te5 (GST)]. Addressing these challenges is imperative
for realizing the full potential of chalcogenide PCM-based dy-
namic metasurfaces and advancing their practical applications.
In this article, we present a novel all-dielectric dynamically tun-
able metasurface design, wherein the meta-atoms are crafted
entirely from chalcogenide materials, devoid of any oxide or
metal components. In this innovative approach, the chalcoge-
nide PCM is encapsulated within another chalcogenide glass
material selected for its superior thermal stability. Unlike the
chalcogenide PCM, the chosen chalcogenide glass exhibits
heightened resilience against structural and optical parameter
alterations at temperatures corresponding to the PCM’s phase
transition. This design circumvents issues such as oxidation
and diffusion that previously led to the deactivation or degrada-
tion of chalcogenide PCMs, and is thereby anticipated to signifi-
cantly augment the switching cycle times of dynamic photonic
devices reliant on chalcogenide PCMs. Furthermore, we dem-
onstrate the dynamic filtering functionality of this pioneering
all-chalcogenide metasurface, facilitating the transition from
dual-channel reflection in the E-band and C-band to single-
channel reflection solely within the E-band. We meticulously
analyze and elucidate the underlying mechanisms driving this
dynamic behavior. In addition, we validate the stability of our
devised device through numerical simulations encompassing
diverse incident angles, polarizations, and manufacturing
deviations. Moreover, we showcase and analyze multi-level

modulation predicated on the crystallization ratio of chalcogenide
PCMs. We posit that this rational design approach will furnish
a fresh paradigm for the development of dynamic metasurfaces
and devices predicated on chalcogenide PCMs. By substantially
enhancing the switching cycle times of such dynamic photonic
devices, this methodology holds promise for catalyzing their
widespread application across various domains.

2 Materials and Methods
Figure 1 illustrates the configuration of the designed all-chalco-
genide dynamic metasurface filter, comprising arrays of meta-
atoms composed of Ge25Sb10S65∕Ge2Sb2Te5 (GSS/GST). GST
was selected as the PCM in our design, owing to its enduring
thermal stability in the amorphous phase, rapid phase-switching
kinetics, extensive cycling capability, and substantial optical
contrast between its two phases. These properties have found
widespread applications in rewritable optical disk storage
technology and nonvolatile electronic memories.41,42 Indeed, a
plethora of tunable photonic devices leveraging GST have been
developed and demonstrated, encompassing filters,43 switches,44

and metalenses. The choice of GSS stems from its comparatively
elevated thermal stability and laser-induced damage threshold,45

ensuring stability throughout the phase transition of GST stimu-
lated by thermal, optical, or electrical inputs. Furthermore, our
group has successfully realized supercontinuum spectroscopy,
soliton frequency combs, and Raman lasers utilizing GSS-
integrated devices,45–47 underscoring the material’s stability.
Moreover, the chemical composition of GSS closely resembles
that of GST, mitigating concerns such as PCM degradation in-
duced by elemental diffusion. The utilization of GSS/GST meta-
atom arrays offers a promising avenue for dynamic metasurface
design, harnessing the robust properties of both materials to
achieve reliable and efficient dynamic optical functionalities.

The geometric parameters of the structural units within the
metasurface are optimized to achieve a period (Λ) of 940 nm.
The GSS cylinder features a height (H) of 345 nm and a radius
(R) of 420 nm, as depicted in Fig. 1. Within the GSS column, a
nanodisc of GST is embedded, positioned 172.5 nm above the
substrate, with a thickness (h) of 30 nm and a radius (r) of
410 nm. This design choice of a thin PCM nanodisc ensures
rapid phase-switching capabilities. The refractive index (n) and
extinction coefficient (k) of both GSS and GST are presented in
Fig. 2. Unlike GSS, GST exhibits two distinct states, amorphous
and crystalline, resulting in separate curves for n and k, repre-
sented by solid and dashed lines, respectively. The substantial
contrast in n (e.g., Δn ≈ 1.6@1550 nm) signifies that resonance
modes supported by the array can be tailored by adjusting the
crystallinity of GST, thereby enabling wavelength selection.

3 Results and Discussion
To elucidate the independent and reconfigurable control of
resonances achieved by the all-chalcogenide metasurface, we
devised and numerically simulated a filtering/switching device
operating within the E and C telecommunication bands. These
simulations were conducted employing the finite-difference
time-domain method. Figure 3(a) illustrates the reflectance
spectrum (R) of the designed all-chalcogenide metasurface.
In the amorphous state of GST (a-GST), the reflection spectrum
manifests two distinct, spectrally separated resonances within
the E and C telecommunication bands. These resonances arise
from the magnetic dipole (MD) and electric dipole (ED) modes
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of the single meta-atom, culminating in a dual-band filtering
behavior.32,48 However, when GST transitions to the crystalline
state (c-GST), the resonant peak within the C telecommunica-
tions band attributable to the ED mode undergoes conspicuous
attenuation, whereas the resonant peak within the E telecommu-
nication band attributed to the MD mode remains largely
unaffected. This behavior can be elucidated by examining the
near-field distribution of all-chalcogenide nanopillars at the
resonance frequencies of the MD and ED modes, as depicted
in Figs. 3(b)–3(e). Figure 3(b) displays the characteristic mag-
netic field profile of an electric resonance near 1460 nm when
GST is in the amorphous state, revealing a significant enhance-
ment of the magnetic field modulus in proximity to the GST
layer. Upon transitioning to the crystalline state, GST still
exhibits a pronounced interaction with the magnetic field, as
illustrated in Fig. 3(c). However, the enhanced absorption coef-
ficient (k) of crystalline GST at this wavelength weakens the

MD resonance intensity, consequently reducing the reflectance.
Correspondingly, Figs. 3(d) and 3(e) illustrate the typical elec-
tric field distribution of the ED. It can be observed that when
GST is in its amorphous state, the electric field mode near
GST is enhanced, whereas the mode is significantly weakened
when GST is in its crystalline state. The drastic difference in
electric field patterns leads to a significant decrease in reflectiv-
ity at 1550 nm, with a modulation depth (MDR ¼ Ra − Rc)
reaching 70%. In summary, by selectively suppressing one
resonance mode (ED) while maintaining another (MD), the all-
chalcogenide metasurface exhibits a reconfigurable dual-band
to single-band spectral filtering capability.

In general, the impact of PCM layer switching on modes
within such metasurfaces largely hinges on their precise spatial
positioning within the overall resonator structure. This presents
a significant challenge during the fabrication process, leading to
a sharp decline in fault tolerance. However, in the case of our

Fig. 2 (a) Refractive indices (n) and (b) absorption coefficients (k ) of amorphous GST (a-GST),
crystalline GST (c-GST), and GSS glass.

Fig. 1 (a) Schematic depiction of the envisioned all-chalcogenide dynamically tunable metasur-
face filter. The meta-atom composing the metasurface comprises the highly thermally stable
Ge25Sb10S65 (GSS) and Ge2Sb2Te5 (GST). (b) Illustration of the meta-atom geometry of the pro-
posed metasurface. The period (Λ) of the unit structure is 940 nm; the protective layer GSS has a
height (H) of 345 nm and a radius (R) of 420 nm; and a PCMGSTwith a thickness (h) of 30 nm and
a radius (r ) of 410 nm is embedded in the GSS and placed at a distance of 172.5 nm above the
substrate.
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designed all-chalcogenide metasurface, the filtering effect re-
mains relatively stable, even when the center position of GST
varies within the range of 150 to 195 nm, as illustrated in Fig. 4.
Undoubtedly, this feature confers substantial robustness to the
device fabrication process.

Figure 5 depicts the results of a parametric scan evaluating
the influence of GST thickness tolerance on device perfor-
mance. Remarkably, while the resonance peak within the E-
band exhibits minimal variation, the resonance peak within the
C-band gradually undergoes a redshift with increasing GST
thickness. This phenomenon, consistent with the findings from
other studies,49 suggests that the resonant peak in the C-band is
more sensitive to the changes in the effective refractive index
compared with the resonant peak in the E-band. This sensitivity
underscores the importance of precise fabrication processes for
the all-chalcogenide metasurface filter. However, this property
also offers an opportunity for fine-tuning the filter wavelength
within the C-band by controlling the thickness of the GST
while maintaining the central position of the E-band unchanged.

This ability to selectively adjust the wavelength response within
specific bands enhances the versatility and adaptability of the
metasurface filter design.

Furthermore, as previously discussed, chalcogenide PCMs
can transition between crystalline and amorphous states under
electrical, optical, or thermal stimuli, leading to notable altera-
tions in the transmittance, reflectivity, or absorptivity of PCM-
based devices. To further refine these changes, the multilevel
partially crystalline state of PCM has been achieved by precisely
controlling the heating duration or the number of focused ultra-
short laser pulses. In this state, the optical and electrical proper-
ties of PCM can be finely tuned at multiple levels by adjusting
the ratio of crystalline-to-amorphous phases through precise
control of the energy of external excitation, thereby enabling
multilevel modifications in the performance of PCM-based de-
vices. This capability represents a crucial advantage of chalco-
genide PCMs, which finds applications across diverse domains,
including multilevel memory, gray-scale images, holograms,
and color displays. The effective permittivity corresponding

Fig. 3 (a) Reflectance spectra of the designed metasurface under normal incidence conditions,
showcasing the distinct responses when GST is in the amorphous (a-GST) and crystalline (c-GST)
states. (b) and (c) Magnetic field distributions corresponding to the magnetic resonance of GST in
the amorphous and crystalline states, respectively. (d) and (e) Electric field distributions associ-
ated with the electric resonance of GST in the amorphous and crystalline states, respectively.

Fig. 4 Relationships between the positions of (a) a-GST and (b) c-GST within the meta-atom of
the designed metasurface and the reflection (R) of the metasurface filter, respectively.
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to different crystallization rates can be approximated using the
effective medium theory and the Lorentz–Lorenz relationship,

εeffðλÞ − 1

εeffðλÞ þ 2
¼ m

εcðλÞ − 1

εcðλÞ þ 2
þ ð1 −mÞ εaðλÞ − 1

εaðλÞ þ 2
: (1)

In the presented theories, εa and εc represent the permittiv-
ities of GST in its amorphous and crystalline states, respectively,
which are wavelength-dependent. Parameter m denotes the
crystallization ratio of GST, varying between 0 (amorphous)
and 1 (crystalline). εeff signifies the permittivity when the crys-
tallization ratio of GST is m.

Building upon these principles, we conducted numerical
simulations to investigate the filtering effect of the designed
all-chalcogenide metasurface filter on the crystallization ratio m
of GST, as depicted in Fig. 6. As shown in the figure, while the
position of the reflection peak in the E-band remains relatively
unchanged with increasing GST crystallization ratio (m), the re-
flection peak in the C-band exhibits a significant redshift. This
redshift is attributed to the increasing refractive index (n) of
GST as the crystallization ratio (m) increases, leading to a shift
in the resonance peak position. This observation is further
corroborated by the redshift of the resonance peak when the
GST thickness is altered, as shown in Fig. 5(a). In addition, this
phenomenon indicates that the C-band reflection peak is more
sensitive to changes in the effective refractive index of the

metasurface. Moreover, it is noteworthy that the intensities of
both reflection peaks exhibit a linear decrease as m increases.
This behavior can be attributed to the higher extinction coeffi-
cient k of c-GST, as illustrated in Fig. 2. Notably, due to the
evident shift in the central position of the reflection spectrum
within the C-band with changing m, the variation in m exerts
a more pronounced impact on the reflection intensity within
the E-band. Consequently, the reflection intensity of the E-band
can be controlled by adjusting the crystallization ratiom of GST.
In essence, our designed all-chalcogenide metasurface filter not
only facilitates the transition from dual-channel (E-band and
C-band) to single-channel (E-band) filtering but also offers the
potential for precise intensity modulation within the single-
channel (E-band).

All the preceding results have been derived under the
assumption of the incident light’s electric field direction being
along the x axis, corresponding to the transverse magnetic (TM)
polarization mode. To delve deeper into the relationship be-
tween incident light polarization and filtering characteristics,
we conducted a parametric sweep of the electric field direction,
where ϕ ¼ 0 deg signifies the TM mode and ϕ ¼ 90 deg
represents the transverse electric (TE) polarization mode. The
simulation outcomes are illustrated in Fig. 7. Notably, the filter
exhibits consistent performance regardless of the changes in
polarization angle, demonstrating polarization insensitivity.
This observation can be readily understood as the meta-atoms
of the metasurface possess circular symmetry within the x–y
plane, as depicted in Fig. 1. This circular symmetry ensures that
the metasurface’s response remains uniform across a range of
incident polarization angles.

Unlike the circular symmetry observed in the x–y plane, the
meta-atoms of this metasurface exhibit axisymmetry solely in
the x–z and y–z planes, as depicted in Fig. 1. Consequently,
it is anticipated that changes in incident angle will impact
the device performance. To explore this effect, we assessed
the robustness of device performance against variations in the
incident angle (θ). Specifically, we calculated the reflection for
TE and TM polarization states when the incident light deviates
by �5 deg, as presented in Fig. 8. Figures 8(a) and 8(b) depict
the angle dependence of the reflectance spectra of a-GST and
c-GST under TM excitation, respectively. Notably, akin to ob-
servations in Ref. 32, when TM mode incident light interacts
with the a-GST metasurface at different angles, the modes as-
sociated with ED resonance within the C-band remain relatively
stable, suggesting the nonconductivity of this mode. Conversely,

Fig. 5 Relationships between the thicknesses of (a) a-GST and (b) c-GST within the meta-atom of
the designed metasurface and the reflection (R) of the metasurface filter, respectively.

Fig. 6 Reflectivity R of the designed metasurface as a function of
GST crystallization ratio m.
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the MD correlation mode situated in the E-band splits into two
distinct Bloch modes with high dispersion and opposing group
velocity signs. Upon transitioning to the crystalline state,
the ED-related resonant mode within the C-band disappears,
whereas the MD-related resonant mode still bifurcates, albeit
with diminished intensities owing to the higher extinction coef-
ficient (k) of c-GST. Conversely, for TE polarization excitation,
both ED and MD correlation modes exhibit relatively minor
variations under oblique incidence. The device maintains its
dual-channel to single-channel filtering characteristics with the
phase switching of GST, as illustrated in Figs. 8(c) and 8(d).
Leveraging these characteristics, our device can even be utilized

to discern the polarization properties of obliquely incident light.
Furthermore, the dynamic all-chalcogenide metasurface can
achieve multiband filtering of TM-polarized light under oblique
incidence.

Here, we introduce a practical phase control scheme, sup-
ported by comprehensive photothermal simulations, to validate
our assumptions. The thermal simulation model considers the
absorption of irradiation light (532 nm) by GST, the thermal
conduction between GSS and GST, and the convective heat
transfer between GSS and air. Considering the high absorption
coefficient of GST at the 532 nm wavelength and the near-trans-
parent nature of GSS at this wavelength, the contribution of

Fig. 7 Relationship between the incident light polarization and the reflection R of the designed
metasurface filter for (a) a-GST and (b) c-GST, respectively.

Fig. 8 Relationship between the incidence of TM waves at different angles and the reflection (R)
of the designed metasurface filter for (a) a-GST and (b) c-GST, respectively. Relationship between
the incidence of TE waves at different angles and the reflection (R) of the designed metasurface
filter for (c) a-GST and (d) c-GST, respectively.
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electric and magnetic dipoles (ED and MD) has been omitted.
Illustrated in Figs. 9(a) and 9(b), the exemplified PCM metasur-
face comprises a 5 × 5 array of units. Each unit consists of a
central GST enclosed by GSS. To ensure smooth phase-change
processes, it is imperative to employ an appropriate laser wave-
length. Specifically, the selected wavelength should correspond
to a high extinction coefficient for GST and near-transparency
for GSS. In this context, we opt for a 532-nm wavelength
laser for optical heating simulations. At this wavelength, GSS
exhibits transparency, while GST possesses an imaginary part
of the refractive index, ka ¼ 1.859 in its amorphous state and
kc ¼ 2.901 in its crystalline state. As depicted in the inset of
Fig. 9(b), the phase transition process involves heating GST
above the crystalline temperature (Tc ¼ 150°C) using a long,
low-intensity pulse of Iset to achieve crystallization. Conversely,
the amorphization process entails subjecting GST to a short,
high-intensity pulse of Ireset, heating it above the melting point
(Tm ¼ 600°C), followed by rapid cooling below the crystalline
temperature. This carefully orchestrated heating strategy en-
sures precise control over the phase transition of GST within
the metasurface structure.

The optical–thermal control of the phase-change metasurface
was simulated using COMSOL Multiphysics. We coupled the
radiative beam in the absorbing media module with the heat
transfer in the solids module to conduct this simulation. The
thermal parameters of the materials involved in this simulation
are listed in Table 1.

Based on the aforementioned parameters, we simulated the
amorphization and crystallization of a single meta-atom using a
high-energy pulse with a duration of 5 ns and a low-energy pulse
with a duration of 25 ns, respectively. Both pulses are uniform
plane waves with a spot radius of 420 nm. To ensure complete
phase transitions of GST, the center temperatures during the
amorphization and crystallization processes are set at ∼650°C

and ∼180°C, respectively. It is worth mentioning that the tem-
perature of 650°C is higher than the melting temperature of
GST. This setting is due to the almost unavoidable temperature
gradient of the meta-atom during the heating process, caused by
the asymmetric environment around the atoms from the sub-
strate. Only a higher temperature can fully ensure the complete
phase transition of GST. As shown in Figs. 10(a) and 10(b), the
optical power required to heat to the desired temperatures is
0.5 and 2.2 mW, respectively. This low power consumption is
attributed to the high absorption coefficient of GST for 532 nm
light and the design of a thin GST layer. Meanwhile, as shown in
Fig. 10(b), it only takes 5 ns for GST to cool from the melting
temperature to the crystallization temperature. Such a high
cooling rate also ensures the amorphization of GST effectively.

Furthermore, by employing the same pulse and simply
increasing the spot size [as depicted in Fig. 9(b)], we validated
a 5 × 5 metasurface heating using the same approach. Similarly,
the power required to heat the amorphization and crystallization
processes to the same temperature is 110 and 12 mW, respec-
tively, with the temperature profile shown in Fig. 11(a).
Figures 11(b) and 11(c) show the top and side views of the
temperature distribution of the 5 × 5 metasurface in the high-
temperature state, respectively. The outer meta-atoms exhibit
slightly lower temperature distribution compared with the
central ones due to better thermal convection conditions at the
exterior, which aligns with practical laws. This phenomenon
also indirectly reflects the model’s rationality and accuracy.
However, as the set temperature is slightly higher than the
melting and crystallization temperatures of GST, it ensures
the complete phase transition of GST. Therefore, we have rea-
son to believe that heating a larger array of all-chalcogenide
metasurfaces only requires increasing the spot size and power.

Furthermore, we monitored the temperature of the GSS dur-
ing the phase transition process to ensure it remains within a safe

Fig. 9 (a) Illustration of the transversal section of the phase-change metasurface. (b) Schematic
representation of the photothermal control scheme for the proposed GST-GSS metasurface
consisting of a 5 × 5 array. RL denotes the radius of the 532 nm top-hat laser beam.

Table 1 Thermal properties of materials used in simulations.

a-GST c-GST GSS SiO2

Density (kgm−3) 6.16 6.25 3.111 2.203

Specific heat (J kg−1 K−1) 202 202 9700 740

Thermal conductivity (Wm−1 K−1) 0.29 0.42 3.184 1.38

Imaginary part of the refractive index 1.859 2.901 0.0001 0.0001
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temperature range, thus protecting the GST. Figures 12(a) and
12(b) show the temperature curves of GSS and GST during the
crystallization and amorphization processes of GST, respec-
tively. It can be seen that, regardless of whether GST is crystal-
lizing or amorphizing, the temperature of GSS is almost the
same as that of GST, with only a slight increase. Considering
the significantly higher thermal stability advantage of GSS com-
pared with GST, GSS can undoubtedly protect GST during its
phase transition. The slight temperature difference during the
phase transition of GST may be due to the heat conduction

speed between GST and GSS being greater than the heat con-
vection speed between GSS and air, rather than the absorption of
532 nm by GSS. To validate this hypothesis, we irradiated the
meta-atoms without GST under the same conditions; the tem-
perature variation is shown in Fig. 12(c). The negligible temper-
ature change implies that the 532-nm irradiation light will
directly transmit through the GSS without being absorbed or
causing resonance of ED and MD. This also confirms the cor-
rectness of not considering the resonance of the irradiation light
during the GST phase transition process.

Fig. 10 (a) Power curves depicting the crystallization and amorphization simulation processes of
a single unit. (b) Simulated thermal curves of the GST central region of a single unit during the
crystallization and amorphization simulation processes.

Fig. 11 (a) Calculated average thermal curves of the GST central temperatures for the 5 × 5 meta-
surface during the crystallization and amorphization simulation processes. (b) Top view and
(c) side view of the thermal distribution during the metasurface crystallization and amorphization
simulation process.
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4 Conclusion
In summary, this work addresses the challenge of insufficient
durability in current dynamic tunable photonic devices based
on chalcogenide PCMs by proposing a novel design approach
utilizing chalcogenide materials with high thermal stability, spe-
cifically chalcogenide glass, as the protective layer. This solu-
tion effectively enhances the switching cycle durability of the
devices. Leveraging this approach, we introduce and validate
a new all-chalcogenide dynamic metasurface filter capable of
transitioning from dual-channel reflection (E-band and C-band)
to single-channel filtering with exclusive reflection in the E-band.
We thoroughly investigate the filtering mechanism and fabrica-
tion tolerance, demonstrating robust performance even under
manufacturing deviations. Notably, the metasurface filter exploits
the multilevel phase transition of GST to not only achieve dual-
channel to single-channel filtering but also enable precise inten-
sity modulation within the single-channel (E-band). Furthermore,
the polarization insensitivity of this metasurface enhances its
versatility and applicability. However, TM incident light is
found to be more sensitive to the incident angle compared
with TE light, which presents opportunities for polarization char-
acterization of the incident light. In addition, the dynamic all-
chalcogenide metasurface exhibits potential for multi-band filter-
ing of TM-polarized light under oblique incidence. In essence,
this thoughtful design scheme coupled with outstanding device
performance offers a promising pathway for the development of
dynamic metasurface devices based on chalcogenide PCMs,
opening doors to practical applications across diverse fields.
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