
This document is downloaded from DR‑NTU (https://dr.ntu.edu.sg)
Nanyang Technological University, Singapore.

Electrically tunable all‑PCM visible plasmonics

Sreekanth, Kandammathe Valiyaveedu; Medwal, Rohit; Das, Chandreyee Manas6; Gupta,
Manoj; Mishra, Mayank; Yong, Ken‑Tye; Rawat, Rajdeep Singh; Singh, Ranjan

2021

Sreekanth, K. V., Medwal, R., Das, C. M., Gupta, M., Mishra, M., Yong, K., Rawat, R. S. &
Singh, R. (2021). Electrically tunable all‑PCM visible plasmonics. Nano Letters, 21(9),
4044‑4050. https://dx.doi.org/10.1021/acs.nanolett.1c00941

https://hdl.handle.net/10356/153512

https://doi.org/10.1021/acs.nanolett.1c00941

This document is the Accepted Manuscript version of a Published Work that appeared in
final form in Nano Letters, copyright © American Chemical Society after peer review and
technical editing by the publisher. To access the final edited and published work see
https://doi.org/10.1021/acs.nanolett.1c00941.

Downloaded on 23 May 2023 10:47:13 SGT



1 
 

Electrically tunable all-PCM visible plasmonics  
Kandammathe Valiyaveedu Sreekanth, a, b Rohit Medwal, c Chandreyee M. Das, d, e Manoj Gupta, 

a, b Mayank Mishra, c Ken-Tye Yong d, e, Rajdeep Singh Rawat, c and Ranjan Singh*a, b 

a. Division of Physics and Applied Physics, School of Physical and Mathematical Sciences, 

Nanyang Technological University, 21 Nanyang Link, Singapore-637371 

b. Centre for Disruptive Photonic Technologies, The Photonic Institute, 50 Nanyang Avenue, 

Singapore-639798  

c. Natural Sciences and Science Education, National Institute of Education, Nanyang 

Technological University, Singapore 637616, Singapore  

d. School of Electrical and Electronic Engineering, Nanyang Technological University, Singapore, 

639798    

e. CINTRA CNRS/NTU/THALES, UMI 3288, Research Techno Plaza, 50 Nanyang Drive, 

Nanyang Technological University, Singapore, 637553 

 

 

 

 

 

 

 

 

 

 



2 
 

ABSTRACT 

Realizing electrically tunable plasmonic resonances in the ultraviolet (UV) to visible spectral band 

is particularly important for active nanophotonic device applications. However, the plasmonic 

resonances in the UV to visible wavelength range cannot be tuned due to the lack of tunable 

plasmonic materials. Here, we experimentally demonstrate tunable plasmonic resonances at visible 

wavelengths using a chalcogenide semiconductor alloy such as antimony telluride (Sb2Te3), by 

switching the structural phase of Sb2Te3 from amorphous to crystalline. We demonstrate the 

excitation of propagating surface plasmon with high plasmonic figure of merit in both amorphous 

and crystalline phases of Sb2Te3 thin films. We show polarization dependent and independent 

plasmonic resonances by fabricating one and two-dimensional periodic nanostructures in Sb2Te3 

thin films, respectively. Moreover, we demonstrate electrically tunable plasmonic resonances 

using a microheater integrated with the Sb2Te3/Si device. The developed electrically tunable 

Sb2Te3-based plasmonic devices could find applications in development of active color filters. 

KEYWORDS: Chalcogenide phase change material, Plasmonics, Electrical control of visible 

plasmonics, Metasurfaces, Microheaters. 
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Realizing active nanophotonic devices with tunable optical functionalities is an emerging research 

direction 1. In active nanophotonics, the optical and plasmonic responses of nanophotonic and 

plasmonic systems can be dynamically tuned by inducing a controllable change in the optical 

properties via an external stimulus 2. In this direction, different functional materials including 

electrically tunable materials have been proposed, however, most of them work efficiently in the 

infrared to the terahertz spectral band 3-8. The tunable plasmonics in the UV to visible wavelength 

range is particularly important for active nanophotonics applications. The most common 

plasmonic materials in this wavelength range such as silver, aluminum and gold cannot provide 

tunable functionality, though, it has been reported that ultrathin thickness of gold can provide 

tunable plasmonic response in the infrared wavelengths through external gating 9. Therefore, 

alternative tunable plasmonic materials with high plasmonic figure of merit (FOM) are required 

for UV to visible wavelengths.  

In recent years, chalcogenide phase change semiconductor alloys (PCMs) have received 

great attention to realize active nanophotonics 10. PCMs offer one way to tune the properties of 

optical structures in the UV to THz frequencies 11-18 and they provide several advantages because 

of their ability of reliable and repeatable switching via billions of optical or electrical switching 

cycles. The optical constants of PCMs can be rapidly activated thermally, optically, or electrically. 

In comparison to liquid crystal and microelectromechanical systems (MEMS) tuned nanophotonic 

devices, PCMs maintain their structural state and the energy is only required during the switching 

process. To date, various PCM integrated tunable plasmonic structures have been proposed, where 

PCM serves only as a switching agent for active metal based plasmonics and metasurfaces at 

optical wavelengths 19-21. A long-standing challenge in the field of PCMs has been to design all-

PCM plasmonic structures without the use of lossy metals at UV-visible wavelengths. It has been 
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reported that the prototype PCM such as Ge2Sb2Te5 shows a dielectric to plasmonic transition in 

the UV to visible wavelengths by switching the structural phase from amorphous to crystalline 22. 

Thus, the nanopatterned thin films of Ge2Sb2Te5 show plasmonic resonances only in the crystalline 

phase. However, stoichiometrically engineered different chalcogenide semiconductor alloys have 

shown plasmonic response (negative real permittivity) in the amorphous phase 23. In particular, the 

nanopatterned thin films of bismuth telluride (Bi:Te) have shown plasmonic resonances in the 

amorphous phase 24. In addition, several bulk single crystalline chalcogenide semiconductor alloys 

have been considered as topological insulators with topologically protected metallic surface states 

and they exhibited plasmonic resonances in the UV to visible wavelength range 25-29. While the 

nanopatterned thin films of Ge2Sb2Te5 and Bi:Te have shown plasmonic resonances in the 

crystalline and amorphous phase respectively, the phase change plasmonic properties of 

chalcogenide semiconductor alloys by switching the structural phase from amorphous to 

crystalline have not yet been studied. Thus, it is important to exploit the phase change tunable 

plasmonic properties of PCMs for active nanophotonics applications. Moreover, electrically 

tunable PCM based plasmonic systems can provide ultimate miniaturization of active photonic 

devices with tunable optical functionalities30.  

 Here, we experimentally demonstrate the tunable plasmonic properties of chalcogenide 

semiconductor alloy such as Sb2Te3 by switching the structural phase from amorphous to 

crystalline. We show the excitation of propagating surface plasmon in both crystalline and 

amorphous phases of Sb2Te3 using prism and grating coupling excitation schemes. Moreover, we 

show the tunable plasmonic resonances in the visible wavelengths by fabricating one and two-

dimensional periodic nanostructures in thin films of Sb2Te3. We further demonstrate that the 

plasmonic resonances in Sb2Te3 can be electrically tuned using a microheater-integrated Sb2Te3 
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device through the Joule heating mechanism. Realizing efficient electrically tunable PCM-based 

plasmonic devices with miniaturized heaters will extend the research scope and applications of 

active nanophotonics. 

Results and Discussion 

We note that Sb2Te3 is a prototype PCM because it belongs to the Ge–Sb–Te (GST) family and it 

possesses many fascinating features 31-33. We fabricated high quality Sb2Te3 thin films on silicon 

and quartz substrates using RF magnetron sputtering (see Supporting Information). The X-Ray 

diffraction (XRD) spectra confirms that the ‘as deposited’ Sb2Te3 thin films on both substrates are 

amorphous (Supporting Information Figure S1). The thickness and optical constants of Sb2Te3 thin 

films are determined using a spectroscopic ellipsometer (see Supporting Information). The 

amorphous to crystalline phase transition in chalcogenides is a simple annealing process in which 

chalcogenides are annealed above its glass transition temperature, but below its melting 

temperature. Therefore, we annealed the Sb2Te3 thin films at 150°C for 15 min to change the 

structural phase of Sb2Te3 from amorphous to polycrystalline. In Figure 1a, we show the 

experimentally measured dielectric permittivity of Sb2Te3 thin film (50 nm thick) in both 

amorphous and polycrystalline phases. For both phases of Sb2Te3, the real parts of permittivities 

are negative for a wide range of visible wavelengths and the imaginary parts of the permittivities 

are positive. This confirms that Sb2Te3 thin film exhibits plasmonic response in the visible 

wavelengths for both phases. Also note that the spectral band of negative real part of the 

permittivity widens with phase change.  

A key parameter to describe the confinement of propagating surface plasmon wave with 

respect to vacuum wavelength is the plasmonic FOM, which can be described as 34, 𝐹𝐹𝐹𝐹𝐹𝐹 =
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𝑅𝑅𝑅𝑅(𝑘𝑘𝑆𝑆𝑆𝑆𝑆𝑆)
2𝜋𝜋𝜋𝜋𝜋𝜋(𝑘𝑘𝑆𝑆𝑆𝑆𝑆𝑆)

 with 𝑘𝑘𝑆𝑆𝑆𝑆𝑆𝑆 = 𝑘𝑘0�𝜀𝜀𝜋𝜋𝜀𝜀𝑑𝑑 𝜖𝜖𝜋𝜋 + 𝜀𝜀𝑑𝑑⁄ , where 𝑘𝑘0 is the vacuum wavevector, 𝜀𝜀𝜋𝜋 and 𝜀𝜀𝑑𝑑 are 

the dielectric permittivities of metal and dielectric, respectively. In the present case, we 

consider 𝜀𝜀𝑑𝑑 = 1. In Figure 1b, we show the calculated plasmonic FOM of Ge2Sb2Te5 in crystalline 

phase and Sb2Te3 for both phases. We note that Ge2Sb2Te5 thin film shows plasmonic response 

only in polycrystalline phase below 600 nm wavelength (Supporting Information Figure S2a). In 

contrast to the FOM of crystalline Ge2Sb2Te5, the obtained plasmonic FOM of Sb2Te3 thin film in 

both phases are much higher, especially in the crystalline phase. Since crystalline Sb2Te3 thin film 

shows higher negative real permittivity, this phase provides higher FOM compared to the 

amorphous phase. We further calculated the plasmon propagation distance (𝐿𝐿 = 1
2𝜋𝜋𝜋𝜋(𝑘𝑘𝑆𝑆𝑆𝑆𝑆𝑆)

) and 

found that the propagation distance of Sb2Te3 in both phases are significantly higher than that of 

crystalline Ge2Sb2Te5 (Supporting Information Figure S2b).  

First, we show the excitation of propagating surface plasmon polariton (SPP) associated 

with Sb2Te3 thin film using prism coupling principle. In the case of prism coupling scheme, the 

excitation of SPPs takes place when the momentum matching condition is satisfied such that, 

𝑘𝑘𝑆𝑆𝑆𝑆𝑆𝑆 = 𝑘𝑘0𝑛𝑛𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝜋𝜋𝑠𝑠𝑠𝑠𝑛𝑛(𝜃𝜃𝑆𝑆𝑆𝑆𝑆𝑆)𝛿𝛿𝑝𝑝 where 𝑘𝑘𝑆𝑆𝑆𝑆𝑆𝑆  and 𝑘𝑘0  are the SPP and incident light wavevectors, 

𝜃𝜃𝑆𝑆𝑆𝑆𝑆𝑆 is the SPP resonant angle, 𝑛𝑛𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝜋𝜋 is the prism refractive index, and  is equal to 1 for p-

polarized light and 0 for s-polarized light. In our experiments, we directly deposited 50 nm thick 

Sb2Te3 thin film on a right-angle glass prism with a high refractive index of 1.865 and a continuous 

wave laser with a wavelength of 532 nm was used as the excitation source (see Supporting 

Information). We measured the reflectance as a function of incident angle for both transverse 

magnetic (TM) and transverse electric (TE) polarizations. In Figure 1c, we show the measured 

TM-polarized reflectance with incident angle for both phases of Sb2Te3 thin film. For TM-

pδ
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polarized light, a minimum reflected intensity occurs at 32.5º for both phases of Sb2Te3 thin film, 

which is the resonance angle and is due to the excitation of SPP mode in the Sb2Te3 thin film. 

Figure 1d represents the corresponding simulated angular reflectance, which was obtained by 

solving Fresnel’s equations for TM-polarization 35. As can be seen from both measured and 

simulated results, change in reflected intensity is obtained with phase change of Sb2Te3, however, 

the resonance angle is almost the same. For TE-polarization, no SPP resonance is observed in 

angular reflectance spectra (Supporting Information Figure S3).  

 

Figure 1. (a) Ellipsometrically determined complex dielectric permittivities of Sb2Te3 thin film in 

both amorphous and crystalline phases. (b) Calculated plasmonic FOM of Sb2Te3 thin film in both 
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amorphous and crystalline phases. Excitation of SPP in both phases of Sb2Te3 thin film using prism 

coupling (c) Measured reflectance as a function of incident angle at 523 nm for TM polarization 

(d) Corresponding calculated angular reflectance. Amp: amorphous and Cry: crystalline.   

We then simulated the dispersion diagram for TM-polarization by calculating the 

reflectance as a function of energy and wavevector, using the transfer matrix method 35. We used 

experimentally obtained refractive indices of Sb2Te3 thin film to plot the dispersion diagram, 

which is shown in Supporting Information Figure S4. The area above the air light line corresponds 

to the surface wavevector values that are radiative on the air side of the interface. The SPP modes 

exist in the non-radiative region of the dispersion plot and away from the air light line. The 

minimum reflection lies within the light line gap between the air and the prism. The experimentally 

determined parallel wavevector of the SPP mode at λ =532 nm is 11.8 µm-1 (using (2π/λ) n sinθ 

with n being the refractive index of the prism and θ being the resonant angle). This value is 

indicated by a black dot in the dispersion plot, and it lies within the light line gap between the air 

and the prism. The dispersion analysis further confirms that the excited mode for TM-polarization 

is the SPP associated with the Sb2Te3 thin film.   

According to the grating coupling scheme, the propagating surface plasmon (SPP) can be 

excited when the wavevectors of the grating diffraction orders are greater than that of the incident 

light. As an advantage, polarization dependent and independent SPP excitation is possible by using 

grating coupling excitation scheme. In particular, the excitation of SPP from a one-dimensional 

(1D) subwavelength diffraction grating is polarization dependent, where the TM polarized light 

only excites the SPP. However, both TM and TE polarized lights can excite the SPP from a two-

dimensional (2D) symmetric diffraction grating. For this purpose, we fabricated 1D and 2D 

subwavelength diffraction gratings (metasurfaces) in Sb2Te3 thin films. We initially deposited 30 
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nm of Sb2Te3 on Si and quartz substrates. Then, 1D and 2D metasurfaces were milled through 

Sb2Te3 on an area of 25 x 25 µm2, using a focused (gallium)-ion beam (see Supporting 

Information). To prevent the crystallization of the Sb2Te3 thin film due to ion beam-induced 

heating, we used a low beam current (<15pA). The fabricated 1D nanogratings have a fixed 

linewidth of 100 nm and a range of period from 150 nm to 300 nm. The fabricated 2D diffraction 

gratings have a square lattice symmetry and a nanohole metasurface with different hole diameters 

(40 nm to 120 nm) and periodicities (150 nm to 300 nm). Figure 2a shows the scanning electron 

microscope (SEM) image of the patterned 1D grating lines with a linewidth of 100 nm and a period 

of 300 nm, and 2D periodic nanoholes with a hole diameter of 80 nm and a period of 300 nm.   

 

Figure 2. (a) SEM image of fabricated one- and two-dimensional subwavelength periodic 

nanostructures in Sb2Te3 thin films. 1D grating lines with linewidth 100 nm and period 300 nm, 

and 2D square lattice holes with hole diameter 80 nm and period 300nm. Scale bar is 1 µm. (b) 

Measured reflectance spectrum of 1D grating lines for different periods (grating linewidth = 100 
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nm). It shows polarization dependent plasmonic resonances. Measured reflectance spectrum of 2D 

grating holes for (c) different periods (hole diameter = 80 nm) and (d) different hole diameters 

(period=200 nm). It shows polarization independent plasmonic resonances.  Calculated reflectance 

spectrum of 2D grating holes for (e) different periods (hole diameter =80 nm) and (f) different hole 

diameters (period=200 nm). Simulated cross-sectional intensity field distribution of 2D grating 

holes with period 150 nm and diameter 80 nm when Sb2Te3 thin film is in (g) amorphous phase 

and (h) crystalline phase. All data was recorded at normal incidence and for TM-polarization.    

To experimentally demonstrate the polarization dependent and independent plasmonic 

resonances, we acquired the reflectance spectra at normal incidence for both TM and TE-

polarizations (see Supporting Information). For the amorphous phase of 1D nanograting, the 

measured reflectance spectra for TM-polarization of the grating lines with varying grating period 

is shown in Figure 2b. Here, TM-polarization represents that the electric field vectors are 

perpendicular to the grating lines. A blue shift in resonance wavelength and the broadening of the 

resonance is obtained with increasing grating period. However, no resonance is obtained in the 

case of TE-polarization of the grating lines, where the electric field vectors are parallel to the 

grating lines (Supporting Information Figure S5). In addition, unpatterned Sb2Te3 thin film does 

not show any resonance (Supporting Information Figure S5). The grating period-dependent 

resonance for TM polarization provides the evidence for the excitation of propagating surface 

plasmon in Sb2Te3-based 1D nanograting. However, the observed plasmonic resonance is broader 

because the FOM of propagating surface plasmon Sb2Te3 metasurface is smaller compared to 

metallic plasmons supported by noble metals22.     

In general, plasmonic structures suffer from polarization dependence. Overcoming this 

problem requires fabricating a combination of metamaterials rotated by 90 degrees 36. We solve 
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this issue by fabricating 2D square lattice symmetric nanohole metasurfaces, which show 

polarization independent behavior. Our design inherently exhibits a π /2 rotational symmetry due 

to its 2D grating structure. For the symmetric 2D grating, we consider 0° and 90° incident 

polarization as TM- and TE-polarizations, respectively. For TM-polarization, the measured 

reflectance spectra of the amorphous phase of 2D nanohole grating (hole diameter = 80 nm) with 

a varying period is shown in Figure 2c. The corresponding reflectance spectra for TE-polarization 

is shown in Supporting Information Figure S6a. As can be seen, grating period-dependent 

resonances with almost same resonance wavelengths are obtained for both TM- and TE-

polarizations. In Figure 2d, we show the reflectance characteristics of nanohole grating for 

different nanohole diameters, where the grating period is 200 nm. We note that the resonance 

wavelength blue shifts and the resonance spectra broadens with increasing grating period and 

decreasing grating hole diameter. The observed blue shift is due to the fact that the effective 

permittivity of grating decreases. We further measured the reflectance spectrum of a nanohole 

grating with a hole diameter of 120 nm for both TM- and TE-polarizations (Supporting 

Information Figure S6). These results show that polarization independent SPP excitation is 

possible in Sb2Te3-based 2D nanohole grating.  

 The nature of tunable plasmonic resonances in patterned Sb2Te3 thin film is further 

investigated using finite difference time domain (FDTD) numerical simulations (see Supporting 

Information). In Figure 2e and Figure 2f, we show the simulated reflectance spectra of 2D 

nanohole grating with varying period (diameter = 80 nm) and diameter (period = 200 nm) for TM 

polarization, respectively. One can see that the simulation results reproduce the SPP resonance 

with key spectral features such as the blue shift of the resonance wavelength and the broadening 

of the SPP resonance with increasing grating period and decreasing grating hole diameter. Figure 
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2g shows the simulated cross-sectional intensity field distribution of 2D nanohole grating with a 

diameter of 80 nm and a period of 150 nm. For TM polarization, we performed the simulations at 

a resonance wavelength of 680 nm for amorphous phase of Sb2Te3. The maximum near field 

intensity is observed at the edge of the Sb2Te3, which clearly indicates the excitation of SPP at the 

resonance wavelength of Sb2Te3 thin film.     

 

Figure 3. For amorphous and crystalline phases of patterned Sb2Te3 thin film (a) Measured 

reflectance spectra of 1D grating lines for different periods, (b) Measured reflectance spectrum of 

2D grating holes for different periods and (c) Calculated reflectance spectrum of 2D grating holes 

for different periods. All data was measured at normal incidence and for TM-polarization. Amp: 

amorphous and Cry: crystalline. 

 In Figure 3, we show the tunable plasmonic characteristics of 1D and 2D Sb2Te3-based 

diffraction gratings by switching the structural phase of Sb2Te3 from amorphous to crystalline. 

Here, we used direct annealing process in which the whole sample was heated at 150°C for 15 

min. Figure 3a illustrates the measured TM polarized reflectance spectra of 1D nanograting lines 

for both amorphous and crystalline phases of Sb2Te3. In Figure 3b and Figure 3c, we show the 
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measured and simulated tunable plasmonic responses of 2D nanohole gratings with a hole diameter 

80 nm, respectively. A blue shift in the resonance wavelength is obtained by switching the 

structural phase from amorphous to crystalline because the refractive index of Sb2Te3 decreases in 

the UV to visible wavelength with phase change. We note that the blue shift decreases with 

increasing grating period because the plasmonic resonance results at a lower wavelength with 

increasing period. We recorded a maximum blue shift of 60 nm and 50 nm for 1D and 2 D 

nanograting with a grating period of 150 nm, respectively. As shown in Figure 2h, the excitation 

of plasmonic resonance at a blue shifted wavelength of 630 nm for crystalline phase of Sb2Te3 is 

visible from the simulated cross-sectional intensity field distribution of 2D nanohole grating with 

a diameter of 80 nm and a period of 150 nm. 

 We further demonstrate the electrically continuous forward (amorphous to crystalline) 

tuning of plasmonic resonances in metasurfaces using a microheater-integrated Sb2Te3/Si device. 

In particular, we heat the whole sample by electric current-induced heating through the Joule 

heating mechanism. Figure 4a illustrates the optical image of the fabricated electrically tunable 

Sb2Te3-based metasurface with a metallic microheater. The microheater is fabricated using optical 

lithography followed by metal deposition (see Supporting Information). We first carried out the 

temperature calibration of the microheater-integrated device, where the temperature of the device 

varies from room temperature (RT) to 120°C when the applied DC current is increased from 0 to 

100 mA (Supporting Information Figure S7a). Also, note that the temperature varies linearly with 

increasing current, especially above 20 mA. Since Sb2Te3 offers the fastest crystallization speed 

37, its glass transition and melting temperature decrease, as a result it can be crystalized and re-

amorphized at lower temperatures compared to Ge2Sb2Te5. In Figure 4b, we show the electrical 

tuning of plasmonic resonance of 2D nanohole grating with a diameter of a 120 nm and period of 
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200 nm by switching the phase of Sb2Te3 from amorphous to crystalline. The corresponding data 

of 2D nanohole grating with a diameter of 80 nm and a period of 150 nm is shown in Figure S7b, 

Supporting Information. As can be seen, the continuous tuning of plasmonic resonance towards 

lower wavelength with increasing current (20 to 60 mA) is obtained. We note that the blue shifted 

wavelength of ~50 nm is realized with a DC current of 60 mA (temperature <100°C). The current 

or voltage required to switch the phase of the Sb2Te3 from amorphous to crystalline can be further 

reduced by using bowtie type heater designs with longer electrical current pulses (ms to µs) 12, 38-

39. Similar heater designs with shorter high energy electrical current pulses (nanoseconds) can be 

used for the reversible tuning of the plasmonic resonances in Sb2Te3, since the phase switching 

from crystalline to amorphous phase can only be achieved with transient melting followed by rapid 

cooling, which is possible only through very fast energy pulses. Since the change of ambient 

temperature also affect the plasmonic resonances40, this issue can be overcome by capping the 

Sb2Te3 layer with a proper dielectric material22 such as ZnS/SiO2.   

 

Figure 4. (a) Optical microscope image of fabricated microheater integrated Sb2Te3/Si device. (b) 

Measured reflectance spectra of 2D grating holes (hole diameter=120 nm and period=200 nm) 
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with applied current. A blue shift in resonance wavelength with increase in current is obtained. All 

data was measured at normal incidence and for TM-polarization.  

Conclusion 

We experimentally demonstrate a prototype chalcogenide PCM such as Sb2Te3 thin film that can 

be used to reconfigure the plasmonic resonances in the UV to visible wavelengths. We showed the 

excitation of propagating surface plasmon in both amorphous and crystalline phases of Sb2Te3 

using prism and grating coupling excitation schemes. Moreover, we demonstrated the polarization 

independent plasmonic mode excitation using 2D nanohole grating-based metasurfaces. Realizing 

polarization independent behavior is important for developing plasmonic absorbers for different 

applications, as complicated designs are currently used for this purpose 41-42. We further 

demonstrated that tunable plasmonic resonances with large spectral wavelength shift in the visible 

wavelength is possible with Sb2Te3 metasurfaces, by switching the structural phase of Sb2Te3 from 

amorphous to crystalline. More importantly, we showed that plasmonic resonances in the Sb2Te3 

metasurfaces can be electrically tuned in the forward direction using a microheater-integrated 

device at low DC currents. However, reversibly tunable plasmonic resonances are important for 

reconfigurable photonic device applications, which can be realized using heaters based on bowtie 

structures and high energy pulsed electrical excitation 39.  
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