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ABSTRACT 

Thin film optical coatings have wide range of industrial applications from displays and lighting to 

photovoltaic cells. The realization of electrically tunable thin film optical coatings in the visible 

wavelength range is particularly important to develop energy efficient and dynamic color filters. 

Here, we experimentally demonstrate dynamic color generation using electrically tunable thin film 

optical coatings that consist of two different phase change materials (PCMs). The proposed active 

thin film nanocavity excites Fano resonance that results from the coupling of a broadband and a 

narrowband absorber made up of phase change materials. The Fano resonance is then electrically 

tuned by structural phase switching of PCM layers to demonstrate active color filters covering the 

entire visible spectrum. In contrast to existing thin film optical coatings, the developed electrically 

tunable PCM-based Fano resonant thin optical coatings have several advantages in tunable 

displays and active nanophotonic applications. 

KEYWORDS: Thin film optical coatings, Electrical control of colors, Fano resonance, Phase 

change materials, Tunable optical structures, Color filters, Microheaters. 
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Dynamically tuning the optical properties of nanophotonic and plasmonic systems in the visible 

wavelength range is particularly important to develop reconfigurable optical components such as 

color filters for display and lighting applications1. In particular, the optical and plasmonic 

responses of these systems can be dynamically tuned by inducing a controllable change in the 

optical properties via an external stimulus2. Since the dynamic color generation requires two 

essential parts such as the coloration mechanism and the coloration control3, it can be achieved by 

integrating functional materials with nanophotonic and plasmonic systems. To date, various 

functional materials4-7 including electrically tunable materials such as liquid crystals8, 9, 

electrochromic polymers10, 11, and phase change materials12, 13 (PCMs) have been used to realize 

dynamic color generation. Among these, phase change materials based on chalcogenide 

semiconductor alloys have received great attention to tune the optical properties of nanophotonic 

systems in the ultraviolet to terahertz frequencies14-17, due to their substantial refractive index 

change when switched between two structural states. Chalcogenide PCMs provide several 

advantages because of their ability of reliable and repeatable non-volatile switching mechanism. 

This is important to develop dynamic color filters with non-volatile pixels as the pixels remain in 

the desired state after the external stimulus is removed. However, in most of the reported PCM 

based active optical systems, the active modulation was realized by utilizing bulky thermal 

annealing process and expensive optical writing techniques18. We note that electrically 

reconfigurable PCM-based nanophotonic components are particularly important for compact 

integration with flat optics and chip-scale reconfigurable photonic device applications, thus this 

field of research has recently received significant attention19-23.  

In recent years, thin film optical coating based light absorbers have been used for numerous 

applications including structural coloring as they are scalable and lithographically-free method to 
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create cost-effective thin film optical devices24. In these systems, perfect absorption take place 

when the light is critically coupled to an absorber. The critical light coupling in thin films can be 

realized by suppressing reflection via thin film interference. Asymmetric Fabry–Perot metal–

dielectric–metal (MDM) cavity is a well-studied thin film optical coating; wherein critical light 

coupling takes place due to amplitude splitting destructive interference such that light is entirely 

trapped inside the resonator and is dissipated due to the existence of losses24. Thus, different MDM 

cavities based optical coatings have widely been used for structural coloring applications25-28. 

More importantly, dynamic color filters have been developed using PCM-based tunable MDM 

cavities29-36. However, there are several drawbacks in color filters based on MDM optical coatings: 

(i) due to the existence of a top-metal layer, it can easily suffer from scratching and oxidation 

which will deteriorate the formed colors rapidly, (ii) most of the MDM cavities are iridescent, that 

is, polarization and incidence angle dependent, and (iii) MDM cavities provide different colors in 

the reflection and transmission mode.  

In this work, we propose and experimentally demonstrate dynamic color generation using 

active PCM-based thin film optical coatings. The proposed multilayered thin film optical coating 

consists of a broadband and a narrowband absorber with a lossy and lossless PCM, respectively. 

In comparison to conventional Fabry–Perot MDM cavities, this cavity exhibits Fano resonance 

due to the coupling between the broadband and narrowband absorbers. By switching the structural 

states of PCM layers in the cavity from amorphous to crystalline, the Fano resonance supported 

by the cavity is tuned in wavelength and bandwidth, as a result wide color tunability is realized. 

More importantly, electrically forward continuous tuning of colors at low DC current is realized 

by integrating the thin optical coatings with a microheater device. As an advantage, these coatings 

provide wide spectral tunability in the visible wavelength range with same color in the reflection 
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and transmission mode, and they are iridescence-free. Since the top layer of the optical coating is 

not a metal, the scratching and oxidation issues can be overcome to a large extent.   

Results and Discussion 

In general, Fano resonance can be realized in nanophotonic systems by coupling the resonators 

having contrasting resonance linewidths37, 38. Interestingly, Mohamed et al. recently demonstrated 

Fano resonance in thin film optical coatings by coupling a broadband (representing the continuum) 

and a narrowband (representing the discrete state) absorber39. However, the reported thin film 

coating is not tunable. Here, we introduce an active Fano resonant thin film coating for dynamic 

color generation and tuning by coupling PCM based broad- and narrow-band absorbers. Since 

Ge2Sb2Te5 (GST) is a lossy PCM in the visible wavelengths, we fabricated tunable broadband 

absorber by depositing a 20 nm of GST thin film on a 100 nm Ag film (Fig. 1a). The measured 

reflection and absorption spectrum of a GST-Ag stack at normal incidence is shown in Fig. 1a, 

which has a broad absorption bandwidth. We used Sb2S3 PCM to fabricate tunable narrowband 

absorber because Sb2S3 is a low-loss and high refractive index (>3) PCM in the visible 

wavelengths. We realized narrowband absorber by depositing a 90 nm of Sb2S3 thin film on a 100 

nm Ag film (Fig. 1b). Figure 1b shows the measured reflection and absorption spectra of a Sb2S3-

Ag stack at normal incidence that shows a narrow absorption bandwidth. The GST-Ag stack 

(broadband absorber) provides a nearly constant phase that represents the continuum, and Sb2S3-

Ag stack (narrowband absorber) provides a steep phase change at the resonance (see Supporting 

Information Fig. S1). We used transfer matrix method40 (TMM) to calculate the reflection 

spectrum and the phase change. In our calculations, experimentally determined optical constants 

of GST, Sb2S3 and Ag thin films were used (see Supporting Information Fig. S2). In Figure 1c, we 

show the measured reflection and absorption spectra of a GST (20 nm)-Ag (20 nm)-Sb2S3 (30 nm)-
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Ag (100 nm) stack at normal incidence. In comparison to GST-Ag and Sb2S3-Ag stacks, the 

combined GST-Ag-Sb2S3-Ag stack results in destructive interference between the constant and 

steep varying phase of the overlapping broadband and the narrow-band cavities that lead to Fano 

type sharp resonance with asymmetric line shape. These asymmetric line shapes are then fitted 

using a Fano formula (see Supporting Information Fig. S3). In Figure 1d, 1e and 1f, we report the 

calculated reflection and absorption spectra of GST-Ag, Sb2S3-Ag, and GST-Ag-Sb2S3-Ag stacks, 

respectively. As can be seen, the calculated and experimental results are in good agreement.  

 

Figure 1 Demonstration of Fano resonance in active nanophotonic cavities. Measured 

reflectance and absorptance spectra of an active (a) broadband absorber (GST-Ag), (b) narrowband 

absorber (Sb2S3-Ag) and (c) Fano resonant thin film coating (GST-Ag-Sb2S3-Ag). Calculated 

reflectance and absorptance spectra of an active (d) broadband absorber (GST-Ag), (e) narrowband 

absorber (Sb2S3-Ag) and (f) Fano resonant thin film coating (GST-Ag-Sb2S3-Ag).        
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An interesting feature of the Fano resonant thin film optical coating is that it reflects and 

transmits the same color39. The reflectance and transmission spectra of a semi-transparent active 

thin film coating (GST (20 nm)-Ag (15 nm)-Sb2S3 (50 nm)-Ag (30 nm)) is shown in Supporting 

Information Fig. S4, where the peak transmission and reflection wavelengths overlap. We note 

that the thickness of top GST layer is important to realize Fano resonance. The resonance of the 

cavity switches from Fano to conventional MDM at a critical thickness of GST layer, which is >40 

nm (see Supporting Information Fig. S5). Since Sb2S3 is the cavity layer of the coating, the Fano 

resonance is exactly realized at the resonance wavelength of the narrowband absorber (Sb2S3-Ag 

stack), thus the Fano resonance linewidth and resonance wavelength can be tuned by changing the 

thickness of Sb2S3 layer (see Supporting Information Fig. S6). It should be noted that the developed 

thin film coating is independent of incidence angle (±80°) and polarization (p-and s-polarization) 

due to the high refractive index of Sb2S3 layer (see Supporting Information Fig. S7). Thus, the 

proposed thin film coating is highly suitable for structural color applications overcoming the major 

issue of iridescence in the existing color filters.  

We demonstrate wide color tunability from blue to red by slightly changing the thickness 

of Sb2S3 thin layer and switching the structural phase of PCM layers from amorphous to crystalline. 

We note that the crystallization temperature of GST and Sb2S3 is entirely different, that is, ≥150°C 

for GST and ≥280°C for Sb2S3. Therefore, in our thermal switching experiments, we annealed the 

thin film samples at a moderate temperature of 220 °C to avoid the possible heat induced damage 

of GST thin film. It indicates that Sb2S3 layer could be partially crystallized by annealing at 220 

°C. In Figure 2a-c, we show the measured reflectance spectrum of thin film coating for different 

thicknesses (20-50 nm) of Sb2S3 cavity layer and both phases (amorphous and crystalline) of the 

thin layers of GST and Sb2S3. As can be seen, the Fano resonance peak wavelength red shifts with 
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increasing the thickness of Sb2S3 layer as well as by switching the phase of PCMs, as a result wide 

color tunability from blue to red is realized. The spectral wavelength shifts obtained for the Sb2S3 

thickness of 20 nm, 30 nm and 50 nm are 80 nm, 100 nm, and 140 nm, respectively, as the phase 

changes from amorphous to crystalline form. These values are considered to be substantial in the 

visible wavelengths. In Fig. 2d-f, we show the corresponding calculated results, and 

the results agree very well with the experiment. We also simulated the intensity field distribution 

at the resonance wavelength for different thicknesses of Sb2S3 cavity layer and confirmed that the 

field is tightly confined inside Sb2S3 layer for both phases of PCMs (see Supporting Information 

Fig. S8). Moreover, we realized the same spectral shifts with color tunability by replacing the GST 

layer with another PCM layer such as Sb2Te3, however, smaller wavelength shift is obtained by 

replacing the GST layer with a Ge layer (see Supporting Information Fig. S9). It shows the 

importance of two PCMs in the thin film coating for dynamic color generation.    
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Figure 2 Demonstration of tunable Fano resonance with color change. Measured reflectance 

spectrum of Fano resonant thin film coating for amorphous and crystalline phases of PCM layers 

with different thicknesses of Sb2S3 layer (a) 20 nm, (b) 30 nm and (c) 50 nm. Calculated reflectance 

spectrum of Fano resonant thin film coating for amorphous and crystalline phases of PCM layers 

with different thickness of Sb2S3 layer (d) 20 nm, (e) 30 nm and (f) 50 nm.   

Since electrically tunable devices are required for chip scale reconfigurable photonic 

device applications, we demonstrate electrically continuous forward (amorphous to crystalline) 

tuning of colors using microheater-integrated thin film optical coating devices (Fig. 3a). In 

particular, the whole sample is annealed continuously by electric current-induced heating through 

the Joule heating mechanism. We used optical lithography followed by metal deposition to 

fabricate microheaters (see Supporting Information Fig. S10a). The remaining three layers (Sb2S3, 

Ag and GST) of thin film coatings were directly deposited on the whole sample. That means, only 

the heater elements represent the Fano resonant optical coatings. Initially, we performed the 

temperature calibration of the microheater-integrated device and observed a linear variation of 

temperature (room temperature to 220°C) with applied DC current (0 to 325 mA). In Fig 3b and 

Fig 3c, we show the electrical forward tuning of Fano resonance of thin film coating with 30 nm 

and 40 nm thick Sb2S3 layer, respectively. The continuous tuning of Fano resonance towards 

higher wavelength with increasing current (0 to 300 mA) is obtained. In Supporting Information 

Fig. S11, we plot the peak resonance wavelength with increasing current and the corresponding 

calculated wavelength shift (with respect to 0 mA), which shows a non-linear behavior. The 

corresponding color change for Sb2S3 layer thickness of 30 nm (green to yellow) and 40 nm 

(yellow to red) is shown in Fig 3d and Fig 3e, respectively. A large area color tunability (pink to 

greenish yellow) of thin film coating with 15 nm thick Sb2S3 layer is shown in Supporting 
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Information Fig. S12, where whole parts of the sample represent Fano resonant optical coatings. 

As can be seen, a DC current of ≥200 mA is required to observe the considerable color change, 

however, the current or voltage required to switch the phase of the PCMs in the forward direction 

can be further reduced by using longer electrical current pulses21-23 (msec to µsec). Since the 

reversible switching of color is important for practical applications, it can be realized with bowtie 

type heater designs with shorter high energy electrical current pulses21-23 (µsec to nsec), since the 

phase switching from crystalline to amorphous phase can only be achieved with transient melting 

followed by rapid cooling. The oxidation issue with chalcogenide PCMs (GST and Sb2Te3) can be 

overcome by capping the top PCM layer with a thin dielectric such as SiO2 (Supporting 

Information Fig. S13). Since the switching speed of PCM based device depends on the switching 

area, the switching speed of the proposed thin film coating is of the order of hundreds of seconds. 

In short, the proposed active Fano resonant thin film coating is an ideal scalable nanophotonic 

system for dynamic structural coloring applications. Moreover, the active Fano resonant coating 

can be used for other potential applications including imaging, nonlinear optics, superlenses and 

sensing because the stacked ultra-thin films of dielectrics, semiconductors, and metals are 

considered as an alternative platform for metasurfaces, which performs unique or similar 

functionalities41-44. 
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Figure 3 Demonstration of electrically continuous tunable Fano resonance with color change. 

(a) Schematic of fabricated microheater integrated Fano resonant thin film optical coating device. 

Measured tunable reflectance spectra of thin film coatings with applied current (0- 300 mA) for 

different thicknesses of Sb2S3 layer (b) 30 nm and (c) 40 nm. Optical microscopic image of color 

change observed on heater element with applied current for different thicknesses of Sb2S3 layer 

(d) 30 nm and (e) 40 nm.  
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Conclusion 

We experimentally demonstrated electrically tunable dynamic color generation using scalable 

active thin film optical coatings. In particular, tunable Fano resonance was realized in PCM-based 

thin optical coatings by the destructive interference between the resonance of a broad- and narrow-

band absorber. We demonstrated wide color tunability covering whole visible spectrum by slightly 

changing the thickness of the cavity layer and switching the structural phase of PCM layers in the 

optical coatings from amorphous to crystalline. Moreover, we showed that Fano resonance with 

color can be electrically tuned in the forward direction using a microheater-integrated device at 

low DC currents. Electrically reconfigurable color generation is important for future applications 

of displays and lighting, which can be realized using heaters based on bowtie structures and high 

energy pulsed electrical excitation21-23. More importantly, we addressed the limitations of the 

existing thin film optical coating-based color filters such that the proposed active optical coating 

provides wide color tunability with same color in reflection and transmission mode, and it is 

iridescence-free and oxidation-resistant.  

ASSOCIATED CONTENT 

Supporting Information 

Sample fabrication and characterization; spectroscopy ellipsometry characterizations; additional 

experimental and simulation results.       

AUTHOR INFORMATION 

Corresponding Authors 

* E-mail: ranjans@ntu.edu.sg (Ranjan Singh) 

Notes  



13 

 

The authors declare no competing financial interests. 

ACKNOWLEDGMENTS  

The authors acknowledge the funding support from Advanced Manufacturing and Engineering 

(AME) Programmatic grant (A18A5b0056) by Agency for Science, Technology and Research 

(A*STAR) and the National Research Foundation Singapore (Award No.: NRF-CRP23-2019-

0005). 

REFERENCES  

1. Duan, X.; Kamin, S.; Liu, N. Dynamic plasmonic colour display. Nat. Commun. 2017, 

8, 14606 

2. Xiong, K.; Tordera, D.; Jonsson, M. P.; Dahlin, A. B. Active control of plasmonic colors: 

Emerging display technologies. Rep. Prog. Phys. 2019, 82, 024501  

3. Neubrech, F.; Duan, X.; Liu, N. Dynamic plasmonic color generation enabled by functional 

materials, Science Advances, 2021, 6, eabc2709  

4. Holsteen, A. L.; Cihan, A. F.; Brongersma, M. L. Temporal color mixing and dynamic beam 

shaping with silicon metasurfaces. Science 2019, 365, 257-260  

5. Duan, X.; Liu, N.  Magnesium for dynamic nanoplasmonics. Acc. Chem. Res. 2019, 52, 1979–

1989 

6. Gao, Y.; Huang, C.; C; Hao, C.; Sun, S.; Zhang, C.; Duan, Z.; Wang, K.; Jin, Z.; Zhang, N.; 

Kildishev, A. V.; Qiu, C.-W.; Song, Q.; Xiao, S. Lead halide perovskite nanostructures for 

dynamic color display. ACS Nano 2018, 12, 8847–8854 

7. Mortimer, R. J.; Dyer, A. L.; Reynolds, J. R.  Electrochromic organic and polymeric materials 

for display applications. Displays 2006, 27, 2–18 

8. Chen, H.-W. Liquid crystal display and organic light-emitting diode display: Present status and 

future perspectives. Light Sci. Appl. 2018, 7, 17168 

9. Sharma, M.; Hendler, N.; Ellenbogen, T. Electrically switchable color tags based on active 

liquid-crystal plasmonic metasurface platform. Adv. Opt. Mater. 2020, 8, 1901182 



14 

 

10. Xu, T.; Xu, T.; Walter, E. C.; Agrawal, A.; Bohn, C.; Velmurugan, J.; Zhu, W.; Lezec, H. J.; 

Talin, A. A. High-contrast and fast electrochromic switching enabled by plasmonics. Nat. 

Commun. 2016, 7, 10479 

11. Shahabuddin, M.; McDowell, T.; Bonner, C. E.; Noginova, N. Enhancement of electrochromic 

polymer switching in plasmonic nanostructured environment. ACS Appl. Nano Mater. 2019, 

2 1713–1719 

12. Shu, F.-Z.; Shu, F.-Z.; Yu, F.-F.; Peng, R.-W.; Zhu, Y.-Y.; Xiong, B.; Fan, R.-H.; Wang, Z.-

H.; Liu, Y.; Wang, M. Dynamic plasmonic color generation based on phase transition of 

vanadium dioxide. Adv. Opt. Mater. 2018, 6,1700939 

13. Wuttig, M.; Bhaskaran, H.; Taubner, T. Phase-change materials for non-volatile photonic 

applications. Nat. Photon. 2017, 11, 465 

14. Gholipour, B.; Karvounis, A.; Yin, J.;  Soci, C.;  MacDonald, K. F.;  Zheludev, N. I. Phase-

change-driven dielectric-plasmonic transitions in chalcogenide metasurface. NPG Asia 

Materials 2018, 10, 533 

15. Pitchappa, P.; Kumar, A.; Prakash, S.; Jani, H.; Venkatesan, T.; Singh, R. Chalcogenide phase 

change material for active terahertz photonics. Adv. Mater. 2019, 31, 1808157 

16. Sreekanth, K. V.; Ouyang, Q. Sreejith, S.; Zeng, S.; Lishu, W.; Ilker, E.; Dong, W.; ElKabbash, 

M.; Ting, Y.; Lim, C. T.; Hinczewski, M.; Strangi, G.; Yong, K. T.; Simpson, R. E.; Singh, R. 

Phase change material‐based low‐loss visible‐frequency hyperbolic metamaterials for 

ultrasensitive label‐free biosensing. Adv. Opt. Mater. 2019, 7, 1900081 

17. de Galarreta, C. R.; Carrillo, S. G-C.; Au, Y.-Y.; Gemo, E.; Trimby, L.; Shields, J.; 

Humphreys, E.; Faneca, J.; Cai, L.; Baldycheva, A. Tunable optical metasurfaces enabled by 

chalcogenide phase-change materials: from the visible to the THz. J. Opt. 2020, 22, 114001  

18. Abdollahramezan, S.; Hemmatyar, O.; Taghinejad, H.; Krasnok, A.; Kiarashinejad, Y.; 

Zandehshahvar, M.; Alù, A.; Adibi, A. Tunable nanophotonics enabled by chalcogenide phase 

change materials. Nanophotonics 2020, 9, 1189–1241 

19. Sreekanth, K. V.; Medwal, R.; Das, C. M.; Gupta, M.; Mishra, M.; Yong, K.-T.; Rawat, R. S.; 

Singh, R. Electrically Tunable All-PCM Visible Plasmonics. Nano Lett. 2021, 21,4044–4050  



15 

 

20. Dong, W.; Liu, H.; Behera, J. K.; Lu, L.; Ng, R. J. H.; Sreekanth, K. V.; Zhou, X.; Yang, J. K. 

W.; Simpson, R. E. Wide bandgap phase change material tuned visible photonics. Adv. Funt. 

Mater. 2019, 29, 1806181 

21. Zhang, Y.;  Fowler, C.; Liang, J.; Azhar, B.; Shalaginov, M. Y.; et al. Electrically 

reconfigurable nonvolatile metasurface using low-loss optical phase change material.  Nat. 

Nanotechnol. 2021, 16, 661–666 

22.  Wang, Y.; Landreman, P.; Schoen, D.; Okabe, K.; Marshall, A.;  Celano, U.;  Wong, H.-S. P.;  

Park, J; Brongersma, M. L. Electrical tuning of phase-change antennas and metasurfaces, Nat. 

Nanotechnol. 2021, 16, 667–672  

23. Taghinejad, H.; Abdollahramezani, S.; Eftekhar, A. A.; Fan, T.; Hosseinnia, A. H.; 

Hemmatyar, O.; Dorche, A. E.; Gallmon, A.; Adibi, A. ITO-based microheaters for reversible 

multi-stage switching of phase-change materials: Towards miniaturized beyond-binary 

reconfigurable integrated photonics. Opt. Exp. 2021, 29, 20449-20462  

24. Sreekanth, K. V.; ElKabbash, M.; Caligiuri, V.; Singh, R.; De Luca, A.; Strangi, G. New 

direction in thin film nanophotonics. Springer 6, 172 (2019) 

25. Kats, M. A.; Blanchard, R.; Genevet, P.; Capasso, F. Nanometre optical coatings based on 

strong interference effects in highly absorbing media. Nat. Mater.  2013, 12, 20–24 

26. Li, Z.; Butun, S.; Aydin, K. Large-area, lithography-free super absorbers, and color filters at 

visible frequencies using ultrathin metallic films. ACS Photonics 2015, 2, 183–188 

27. Letsou, T.; ElKabbash, M.; Iram, S.; Hinczewski, M.; Strangi, G. Heat-induced perfect light 

absorption in thin-film metasurfaces for structural coloring. Opt. Mater. Exp 2019, 9, 1386-

1393  

28. Bu, Y.;  Bu, X.;  Lyu, F.;  Liu, G.; Wu, G.; Pan, L.; Cheng, L.; Ho, J.; Lu, J.  Full-color 

reflective filters in a large area with a wide-band tunable absorber deposited by one-step 

magnetron sputtering. Adv. Opt. Mater. 2020, 8, 1901626 

29. Hosseini, P.;  David Wright, C.; Bhaskaran, H. An optoelectronic framework enabled by low-

dimensional phase-change films. Nature 2014, 511, 206–211 

30. Sreekanth, K. V.; Han, S.; Singh, R. Ge2Sb2Te5-based tunable perfect absorber cavity with 

phase singularity at visible frequencies. Adv. Mater. 2018, 30, 1706696 



16 

 

31. Hailong L.  Dong, W.; Wang, H.; Lu, L.; Ruan, Q.; Sin Tan, Y.; Simpson, R. E.;  Yang, J. K. 

W. Rewritable color nanoprints in antimony trisulfide films. Science Advances 2021, 6 

eabb7171 

32. Cueff, S.; Taute, A.; Bourgade, A.; Lumeau, J.;  Monfray, S.; Song, Q.; Genevet, P.; Devif, B.;  

Letartre, X.; L. Berguiga, L. Reconfigurable flat optics with programmable reflection 

amplitude using lithography-free phase-change material ultra-thin films. Adv. Opt. Mater. 

2021, 9, 2001291  

33. Yoo, S.; Gwon, T.; Eom, T.; Kim, S.; Hwang, C. S. Multicolor changeable optical coating by 

adopting multiple layers of ultrathin phase change material film. ACS Photonics 2016, 3, 

1265–1270 

34. Carrillo, S.; Trimby, L.; Au, Y; Nagareddy, V. K.; Rodriguez-Hernandez, G.; Hosseini, P.; 

Rios, C; Bhaskaran, H.; Wright, C. D. A non-volatile phase change metamaterial color display. 

Adv. Opt. Mater. 2019, 7, 1801782 

35. Jafari, M.; Guo, L. J. A reconfigurable color reflector by selective phase change of GeTe in a 

multilayer structure, Adv. Opt. Mater. 2019, 7, 1801214 

36. He, Q.; Youngblood, N.; Cheng, Z.; Miao, X.; Bhaskaran, H. Dynamically tunable 

transmissive color filters using ultra-thin phase change materials. Opt. Exp. 2020, 28, 39841 

37. Mikhail, F.; Rybin, M. V.; Poddubny, A. N.; Kivshar, Y. S. Fano resonances in photonics, 

Nature Photonics  2017, 11, 543–554 

38. Singh, R.; Al-Naib, I. A. I.; Koch, M.; Zhang, W. Sharp Fano resonances in THz metamaterials, 

Opt. Exp. 2012, 7, 6312-6319 

39. ElKabbash, M.; Letsou, T.; Jalil, S. A., Hoffman, N.; Zhang, J.; Rutledge, J.; Lininger, A. R., 

Fann, C.-H.; Hinczewski, M.; Strangi, G.; Guo, C. Fano-resonant ultrathin film optical 

coatings. Nat. Nanotechnol.  2021, 16, 440–446 

40. Hansen, W. N. Electric fields produced by the propagation of plane coherent electromagnetic 

radiation in a stratified medium. J. Opt. Soc. Am. 1968, 58, 380-390   

41. Sreekanth, K. V.; ElKabbash, M.; Caligiuri, V.; Singh, R.; De Luca, A.; Strangi, G. New 

Directions in Thin Film Nanophotonics; Springer: Singapore, Singapore, 2019; Vol. 1 

42. Zhao, Y.; Yang, Y.; Sun, H.-B. Nonlinear meta-optics towards applications. PhotoniX 2021, 

2, 3 



17 

 

43. Reshef, O.; DelMastro, M.P.; Bearne, K. K. M.; Alhulaymi, A. H.; Giner, L.; Boyd, R. W.; 

Lundeen, J. S. An optic to replace space and its application towards ultra-thin imaging systems. 

Nat. Commun. 2021, 12, 3512 

44. Zhu, T.; Guo, C.; Huang, J.; Wang, H.; Orenstein, M.; Ruan, Z.; Fan, S. Topological optical 

differentiator. Nat. Commun. 2021, 12, 680. 

 

ToC graphic 

 

 


