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Abstract  

We report the fabrication and optical characterization of aluminum nanodisk (AlNDs) metamaterials as selective color 
absorbers by exciting magnetic polaritons (MP). Anodized aluminum oxide templates are transferred onto an aluminum-
coated silicon wafer, followed by e-beam evaporation of aluminum and template removal leaving behind fabricated AlNDs. 
Scanning electron microscopy reveals AlNDs are successfully molded with a disk diameter of ~390 nm and periodicity of 450 
nm, however, morphology variations in disk geometry can be seen. A home-built microscale optical reflectance and 
transmittance microscope are developed to characterize the optical reflectance of AlNDs. A reflectance dip is experimentally 
observed with resonance wavelengths varying with AlND thickness, indicating selective absorption within the visible 
spectrum. Moreover, AlNDs with different thicknesses exhibits purple, red, and green coloration as a result of tunable 
reflectance spectra. Simulations confirm measured spectra and elucidate mechanisms of selective absorption as an excitation 
of MP and surface plasmon polariton. The discrepancy between measured and simulated reflectance spectra is found to be 
associated with morphology variation and wave diffraction. With a silica spacer, the AlND absorber shows dual-band selective 
absorption by exciting multiple MPs illustrated by simulated electromagnetic field distributions. The results could facilitate 
the low-cost development of selective metamaterial absorbers for solar thermal, radiative cooling, and sensing applications. 
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1. Introduction 

Metamaterials, which are artificial micro- or nano-structures 

with electromagnetic properties that do not occur naturally, 

have garnered great interest in recent years. Moreover, their 

radiative properties can be changed by altering their geometric 

parameters. This versatility allows them to have many 

applications including solar absorption,[1-4], imaging,[5,6] 

infrared spectroscopy,[7,8] radiative cooling,[9,10] invisibility 

cloaking,[11,12] light trapping,[13] sensing,[14-16] selective thermal 

emitters,[4,17] and perfect absorbers.[1,18]  

In metamaterial absorbers, radiation can be absorbed due 

to the excitation of resonance modes such as surface plasmon 

resonance (SPP)[19,20] and magnetic polariton (MP).[21,22] SPP 

refers to collective oscillations of free electrons at a metal-

dielectric interface in response to the electric field of an 

incident electromagnetic wave, while MP stems from the 

coupling between the incident waves and the artificial 

magnetic resonance inside a metamaterial structure. 

Metamaterials that exhibit these resonance modes are typically 

made from a metal-dielectric-metal stack which can have 

periodic metallic nano- or micro-structures on top, including 

grating,[1,23-25] nanopyramids,[26] nanoparticles,[27,28] 

nanowires,[29] or nanodisks.[30-33] 

Metamaterials can exhibit resonance behavior at 

frequencies anywhere from radio waves to the visible regime 

with well-designed structures and fine-tuned geometric 

parameters. These resonance modes lead to large narrow-band 

absorption peaks (or reflectance dips) which enable single-

band absorbers. Moreover, by utilizing multi-sized 

nanostructures or incorporating dielectric spacers, dual and 

multiband absorbers can be realized,[7,16,32,33] which then can be 

utilized to achieve broadband absorption.[1,34-36] By achieving 

spectrally selective absorption within the solar spectrum with 

minimized thermal emission in the infrared, the selective 

metamaterial could enhance the solar-thermal energy 

conversion.[37] Similarly, with high emissivity only within the 

8-13 µm atmospherically transparent window to dissipate heat 

into cold outer space with high reflectivity at short 
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wavelengths to minimize solar heating, selective 

metamaterials have been demonstrated for achieving sub-

ambient daytime radiative sky cooling.[38,39] 

In order to fabricate metamaterials with sub-wavelength 

features, various advanced fabrication techniques have been 

employed. The earliest experiments to fabricate optical 

metamaterials utilized e-beam lithography (EBL)[40] and 

interference lithography.[41] Two-dimensional (2D) 

metamaterials have also been fabricated using EBL.[42] Some 

challenges involving EBL are its low throughput and high cost. 

Other methods to fabricate metamaterials include focused-ion 

beam milling,[43] nanoimprint lithography,[44] colloidal 

lithography,[32], self-assembly by using opal templates,[45] or 

self-organizing colloidal particles.[46] Further research into 

reliable fabrication techniques that provide high throughput 

and low-cost metamaterials is required. To our best knowledge, 

low-cost fabrication of MP-based selective metamaterial 

absorbers in the visible range with nanometric feature sizes is 

not demonstrated. 

In this work, we report color metamaterial absorbers made 

of aluminum nanodisk (AlND) arrays fabricated via a cost-

effective approach to achieve wavelength-tunable selective 

absorption within the visible spectral range by excitation of 

magnetic polaritons. The spectral properties are characterized 

by a custom-built optical microscope that can measure the 

reflectance and transmittance of microscale samples in the 

visible and near-infrared range. Optical simulations are also 

performed to elucidate the underlying mechanism of 

resonance absorption behavior of the fabricated AlND 

metamaterial absorbers. Discussions and analyses on the 

effects of morphology and diffraction are also presented. By 

adding a thin dielectric layer between the AlND array and the 

bottom aluminum film, dual- or multiple-band selective 

absorptions are also demonstrated by optical measurement and 

modeling.   

 

2. Material fabrication and characterization 

The AlND color metamaterial absorbers were fabricated by 

utilizing anodized aluminum oxide (AAO) templates, which  

have been used to fabricate periodic nanostructures in a fast 

and inexpensive way.[47-49] Commercial ultrathin AAO 

templates with a thickness of 700 nm and pore diameter of 

390±20 nm in periodicity of 450 nm (Top Membranes UT450-

390-700) originally coated on a poly(methyl methacrylate) 

(PMMA) layer for protection were chosen here. The templates 

were first transferred onto an optically opaque aluminum (200 

nm thick) coated silicon wafer (double-side polished, 380 µm 

thick, < 1 nm surface roughness). The transfer process 

consisted of several steps that are illustrated in Fig. 1 with 

schematics and photos. First, three beakers with acetone were 

prepared to remove the protective PMMA layer from the 

templates and to facilitate the transfer of the templates onto the 

Si substrate. The AAO templates (15 mm by 15 mm) were cut 

into small pieces (~ 5 mm by ~ 15 mm) to be transferred onto 

the substrate, which helps reduce the number of wrinkles that 

result after the transfer is completed. One of the cut templates 

was placed into the first acetone beaker where it remained for 

~ 10 minutes so that the template could be separated from the 

PMMA layer. Following that, the aluminum-coated Si 

substrate was immersed to fish the template out of the acetone 

slowly and preferably at a 45° angle. The sample was then 

placed into the second and third acetone beakers for several 

minutes to completely remove any residual PMMA. After 

being dried in the air, the AAO template was successfully 

transferred onto the Al-coated Si wafer. The next step was to 

deposit aluminum onto the AAO template via e-beam 

evaporation (Lesker PVD75) from aluminum pellets (99.99% 

purity) at a rate of 2.5 Å/s and a base pressure of 1×10-6 Torr. 

During deposition, the aluminum not only coated the AAO 

template surfaces but filled the pores until the desired 

thickness (or AlND thickness) was reached. Finally, Kapton 

tape was used to remove the AAO template from the sample, 

leaving behind the AlNDs on the Al-coated silicon. 

Figure 2a shows the photo of the AAO template transferred 

onto the Al-coated Si wafer before the AlND deposition along 

with the SEM images, where the AAO pores are relatively 

uniform with a diameter of approximately 390 nm and ±5% 

variance despite some interconnected pores. Fig. 2b presents 

 

Fig. 1 (a) Schematic and (b) photos of the AAO template transfer process. 
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Fig. 2 Photos and SEM images of (a) the AAO template after transferring onto the Al-coated silicon wafer and (b) the fabricated 

AlND metamaterial absorber. (c) Schematic of the AlNDs on aluminum metamaterial absorber with uniform geometry for numerical 

simulation. 

 

the photos of the sample after the AlND deposition, before and 

after removing the AAO template with Kapton tape where 

visible changes can be clearly seen. The bottom SEM images 

clearly display the deposition of aluminum into the pores that 

successfully form the AlND array with nearly the same 

diameter and periodicity as the AAO template. A slight 

variation in nanodisk diameter (and shape) and a few empty 

spots due to the quality of AAO templates, can be observed. 

The effects of these variations on the optical properties will be 

discussed later in detail. Fig. 2c depicts the final structure of 

the fabricated AlND metamaterial absorbers (period p ≈ 450 

nm, diameter d ≈ 390 nm) with ideally uniform patterns on the 

aluminum ground film. Metamaterial absorber samples with 

different AlND thicknesses (h) can be fabricated by 

controlling the deposition time during the evaporation of 

aluminum. 

 

3. Experimental and numerical methods 

Because of the wrinkles during the AAO template transfer and 

non-uniformity of fabricated AlNDs, spectroscopic 

measurement at microscale sample area is preferred for more 

accurate optical characterization over traditional Fourier-

transform spectrometer or monochromator that usually 

measures mm-sized samples. To this end, a home-built 

microscale optical reflectance and transmittance (MORT) 

microscope, whose setup is shown in Fig. 3a, was developed 

for spectroscopic characterizations of microscale samples in 

the visible and near-infrared range from 400 nm to 1000 nm. 

Fig. 3b illustrates the optical path of the MORT microscope in 

the reflection mode. Broadband light from a tungsten-halogen 

lamp (Thorlabs SLS201) enters the light-source leg of a 

bifurcated fiber bundle (Thorlabs RP28) and exits the fiber via 

a collimator (Thorlabs F220-SMA-A) into the microscope. 

The reflected beam of the collimated light by a 50:50 beam 

splitter (Thorlabs BS013) is focused onto the sample by a 

microscope objective. The light reflected by the sample 

surface is then collected by the same objective and collimated 

onto the beam splitter. Half of it transmits through the beam 

splitter into a high-resolution CMOS color camera (Thorlabs 

DCC1645C) for optical imaging, while the other half is 

reflected by the beam splitter, coupled into the detection leg of 

the bifurcated fiber via the same collimator and finally 

collected by a CCD spectrometer (Thorlabs CCS200), which 

resolves the spectral signals with computer software via USB 

interface. A clean aluminum mirror placed on the mirror 

mount for easy optical alignment via fine adjusters was used 

to take the reference signals before the sample is measured. 

The spectral reflectance is taken as the ratio of the reflected 

signals between the sample and the mirror, and then corrected 

by the theoretical reflectance of aluminum with optical 

constants obtained from Palik tabulated data.[50] In the 

transmission mode (see Fig. S1a for the optical diagram), the 

CCD spectrometer is instead connected to single optic fiber 

with a collimator (Thorlabs F260-SMA-A) attached to a 

focusing lens (Thorlabs LA1540-ML) that is positioned below 

the sample to collect the transmitted light signals for spectral 

transmittance measurement. The accuracy of the MORT 

microscope is checked to be within 3% compared to that 

obtained by a Fourier-transform spectrometer (Thermo Fisher 

iS50) with an undoped silicon wafer for the reflectance 

measurement (Fig. 3c) and an undoped SiC wafer for the 

transmittance (Fig. S1b) from 400 to 1000 nm wavelength 

range. With a 10× objective, the spot size on the sample is 

about 400 µm as determined from the CMOS image and pixel 

intensity profile in Fig. S2. Objectives with smaller or higher 

magnifications (i.e., 4×, 20× and 40×) are also available to 

change the spot size if needed. 

ANSYS HFSS software was used to numerically simulate 

the AlND metamaterial absorbers to help understand the 

mechanisms of selective absorption. HFSS is a three-

dimensional (3D) electromagnetic (EM) simulation software 

that solves Maxwell’s equations using the finite element 



Research article                                                                                                                                         ES Materials & Manufacturing 

66 | ES Mater. Manuf., 2022, 17, 63-72                                                                                                                                       © Engineered Science Publisher LLC 2022 

 
Fig. 3 (a) Photo of the microscale optical reflectance and transmittance (MORT) microscope. (b) Optical diagram of the MORT 

microscope in reflection mode. (c) Measured reflectance of an undoped silicon wafer by MORT microscope and Fourier-transform 

spectrometer for comparison. 

 

method.[51,52] A detailed description of similar HFSS 

simulations has been described previously.[53] A unit cell of 

periodic AlND structures was modeled, where the AlNDs 

were considered to be perfectly circular and uniformly 

distributed, and their optical constants were obtained from 

Palik.[50] An incident plane wave was normally applied onto 

the structure covering a wavelength spectrum from 400 nm to 

1000 nm. Radiation boundary conditions were applied to the 

top and bottom surfaces of the air volume surrounding the 

structure and master/slave boundary conditions were applied 

around the unit cell of the periodic structure. The reflectance 

of the AlND metamaterial absorbers was obtained by squaring 

the magnitude of the S11 parameter, which represents the 

amount of incident light that is reflected off the structure. To 

simulate the behavior of the structure, HFSS bases the 

required mesh on the maximum frequency of the spectral 

sweep, which was 750 THz for these simulations. The 

convergence criterion for these simulations was based on the 

delta-S parameter, which is the difference between the 

magnitude of the S11 parameter of the previous mesh and the 

refined mesh at each frequency. A maximum delta-S of 0.005 

was used for a minimum of four consecutive converged mesh 

refinement passes. 

 

4. Results and discussion 

4.1 Color-tunable optical reflectance 

Figure 4a shows the spectral reflectance of the fabricated 

AlND samples with three different thicknesses (h), namely 50 

nm, 87 nm, and 130 nm (directly obtained from the crystal 

monitor during deposition), measured by the MORT 

microscope in the spectral range from 0.4 µm to 1 µm. All 

three metamaterial absorbers exhibit a major reflectance dip 

within the visible region, indicating strong absorption at 

selective wavelengths. In particular, the reflectance with the 

87-nm-thick AlND sample is as low as 0.06. On the other hand, 

the major reflectance dip occurs at different resonant 

wavelengths of 0.5 µm, 0.6 µm, and 0.65 µm, respectively. 

Since all the AlND samples have almost the same period (p ≈ 

450 nm) and diameter (d ≈ 390 nm) molded from the same 

AAO template, the different resonance wavelengths must be 

determined by the AlND thickness. The experimental 

observation is confirmed by the numerically simulated 

reflectance spectra of the three AlND metamaterial absorbers 

as shown in Fig. 4b, where the redshift of selective reflection 

dips with larger thicknesses can be clearly seen. This is caused 

by the excitation of magnetic polaritons (MP) between 

neighboring AlNDs whose resonance wavelength strongly 

depends on the AlND thicknesses. For the 130-nm-thick AlND 

sample, a minor reflectance dip appears in the blue-

wavelength range captured by both optical measurement and 

simulation, which is associated with the surface plasmon 

polariton (SPP) from the periodic AlND structure. The 

physical mechanisms of MP and SPP are to be elaborated with 

numerical simulation. The differences between the measured 

and simulated spectra are mainly associated with morphology 

variation and wave diffraction effects which will be discussed 

in the following section. Note that the slightly reduced 

reflection around 0.8 µm wavelength, particularly seen from 

the 50-nm AlND sample, is from an intrinsic interband 

transition of aluminum rather than plasmonic resonance.[54] 

As a result of the variant reflection from the MP, the AlND 

samples exhibit different colors with different thicknesses. Fig. 

4c presents the color images taken by the camera of the MORT 

microscope, which reveal the purple, red, and green 

appearances of the 50, 87, and 130-nm-thick AlND 

metamaterial samples, respectively. This can be well 

explained by the measured reflectance spectra. For example, 

the reflectance of the 87-nm AlND sample is high within blue 

and red regions with much-reduced reflection in the green 

wavelengths due to MP resonance, which makes it purple. On 

the other hand, the 130-nm AlND absorber appears green from 

a high reflection in the green region because of the major 

reflection dip in red (due to MP) and the minor reflection dip 

in blue colors (due to SPP). These results clearly indicate that 

by adding AlND arrays with different thicknesses onto an 

aluminum film, color-tunable selective metamaterial  
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Fig. 4 (a) Measured optical reflectance of the fabricated AlND metamaterial absorbers. (b) Simulated spectral hemispherical 

reflectance at normal incidence of the AlND absorber with uniform geometry. (c) Color images of the fabricated AlND absorbers 

with different thicknesses. 

 

absorbers could be achieved. 

 

4.2 Physical mechanisms  

To elucidate the cause of the reflectance dips and the 

mechanisms of selective absorption, the electrical and 

magnetic field distributions were plotted at the x-z cross 

section for all three AlND samples with different thicknesses 

at the respective resonance wavelengths simulated from Fig. 

4b. As clearly shown in Figs. 5a-c, a strong magnetic field 

illustrated as a contour is confined in the air gap between the 

neighboring AlNDs, accompanied by an electric current loop. 

It can also be seen that as the AlND thickness increases, the 

localized magnetic field in the gap between the AlNDs is 

strengthened. These are the typical characteristics of magnetic 

polariton excitation, where aluminum plasmons form a 

resonant inductor-capacitor circuit around the gap. Similar MP 

behavior has been previously discussed by Fontana et al. with 

tungsten nanowires.[27] Fig. 5d displays the magnetic field at 

the minor reflectance dip (λ = 434 nm) of the 130-nm-thick 

AlND sample. By contrast, the magnetic field is not enhanced 

within the gap between neighboring AlNDs but at the AlND 

top surfaces, which is the unique feature of surface plasmon 

polariton coupled with periodic structures.[24,54,55] 

4.3 Effects of morphology and wave diffraction 

While AlND color absorbers with nanometer feature sizes 

were successfully fabricated via the low-cost AAO template 

method and the wavelength-selective optical absorption was 

experimentally demonstrated, the less-controlled fabrication 

process suffers from morphology variations that lead to a 

discrepancy between the optical characterization and 

simulation. Note that during the numerical simulation, the 

AlNDs were considered to be ideally uniform and perfectly 

circular. However, due to the non-uniformity of the AAO 

templates and aluminum deposition, the morphology (i.e., 

shape, diameter, spacing) varies greatly as shown in the SEM 

image for the 87-nm-thick AlND sample (Fig. 6a). An open-

source software (FIJI) was used to process the SEM image, 

which calculated the effective AlND diameters for each of the 

measured samples to be 377 nm, 360 nm, and 405 nm for the 

AlND with thicknesses 50 nm, 87 nm, and 130 nm, 

respectively, compared to the uniform diameter of 390 nm 

used in the simulation. Moreover, structures with different 

AlND diameters as well as different periodicities were 

simulated. It was found that the reflectance dips redshifted 

when increasing the AlND diameter whereas changing the 

period did not cause a noticeable change in resonance  
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Fig. 5 Simulated electromagnetic fields at different resonance wavelengths of three AlND absorbers with different thicknesses to 

illustrate the excitations of (a-c) magnetic polariton and (d) surface plasmon polariton. 

 

wavelength but rather a smaller periodicity resulted in stronger 

absorption (see Fig. S3). 

Another major factor responsible for the difference 

between the optical measurement and simulation is wave 

diffraction. As the AlNDs are periodic structures, reflected 

light is diffracted at different angles following the grating 

equation 𝑠𝑖𝑛 𝜃𝑗  =  𝑠𝑖𝑛𝜃𝑖 +
𝜆

𝑝
𝑗 , where 𝜃𝑗  is the reflection 

angle of the j-th diffraction order, 𝜃𝑖  is the incidence angle 

(zero for normal incidence), 𝜆 is the incident wavelength, and 

p = 450 nm is the period of the structure. Fig. 6b calculates the 

angles of reflection for different diffraction orders at multiple  

 
Fig. 6 (a) SEM image of the 87-nm-thick AlND metamaterial absorber and the processed image from FIJI software to find the 

effective diameter. (b) The angle of reflection for j-th diffraction order at multiple angles of incidence. (c) Comparison of the specular 

(i.e., 0th order) reflectance between the MORT measurement from the fabricated 2D AlND sample and the RCWA calculation under 

different incident angles (0o, 7o, 15o) under transverse magnetic-wave polarization from the 1D binary grating structure. 
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incidence angles. It can be seen that the reflection angle is 

between 40o and 90o for j = ±1 orders, while higher orders are 

basically evanescent. As the MORT microscope objective 

(10× with numerical aperture NA = 0.25) only accepts the 

reflected light with angles within 14.5°, only the zeroth-order 

diffracted light (j = 0 or specular reflection) is collected by the 

MORT microscope for the measured reflectance and other 

diffracted lights are excluded. On the contrary, the HFSS 

simulation considers all the diffraction orders for modeling the 

reflectance. In other words, the specular reflectance of the 

AlND samples was measured by the MORT microscope 

whereas the hemispherical reflectance was calculated in the 

simulation. 

To illustrate this, rigorous coupled-wave analysis (RCWA) 

was used to calculate the spectral reflectance of only zeroth 

order (i.e., specular reflection) from a simplified 1D aluminum 

grating periodic structure with the same geometric values 

under transverse magnetic-wave polarization. RCWA is a tool 

that can be used to find the radiative properties of periodic 

grating nanostructures.[24,56] The details of this method have 

been described by Moharam M G et. al. and others.[57-59] The 

optical constants for the structure were obtained from Palik.[50] 

As shown in Fig. 6c, under normal incidence (θi = 0°), the 

specular reflectance drops at short wavelengths below 450 nm. 

When the incident angle increases to 7° and 15° in the 

consideration of the light focusing through the 10× 

microscope object (NA = 0.25) onto the sample, the specular 

reflectance is reduced at longer wavelengths such that the 

calculated spectra better agree with the measured ones by the 

MORT microscope. Note that the RCWA calculation for 1D 

binary gratings indicates a redshift of the reflectance dip 

associated with MP from the MORT measurement for the 2D 

AlND arrays because of the shape difference. 

 

4.4 Dual/Multiple band absorption with a SiO2 spacer 

layer 

Metamaterials with a dielectric spacer layer that separates the  

top plasmonic nanostructures and bottom metal film have been 

demonstrated to excite MPs for achieving single or multiple-

band selective absorption.[1,3,17,18,30] Here we demonstrate dual 

or multiple band absorption by adding a SiO2 layer into the 

AlND metamaterial absorber to excite multiple MP 

resonances. Remote plasma chemical vapor deposition 

(PlasmaQuest RPCVD 333) was used to coat a 100-nm SiO2 

layer onto the aluminum-covered Si wafer at a temperature of 

300 °C and a rate of 0.86 Å/s. The AlNDs were fabricated via 

the same processes described previously with AAO template 

transfer, e-beam evaporation of aluminum, and template strip-

off. Fig. 7a depicts the ideally uniform structures with nominal 

geometric values of p = 450 nm, d = 390 nm, h = 50 nm, and 

t = 100 nm. Fig. 7b shows photos of the AlND/SiO2/Al 

metamaterial absorber before and after the AAO template was 

removed. While discontinuities of AlNDs can be observed due 

to wrinkles and poor surface wettability of SiO2 to acetone, the 

SEM image revealed successful fabrication of AlNDs on the 

SiO2 film at the microscale with sufficiently large pattern area 

for the optical measurement with the MORT microscope.  

Figure 7c shows the measured reflectance of a 50-nm-

AlNDs on 100-nm-SiO2 on an Al absorber where two 

reflectance dips are observed with resonant wavelengths 

around 450 nm and 625 nm, demonstrating dual-band 

selective absorption within the visible spectrum. On the other 

hand, the HFSS simulation at normal incidence exhibits three 

reflectance dips at wavelengths of 469 nm, 550 nm, and 667 

nm respectively, confirming multiple-band selective 

absorption from the AlND metamaterials with the additional 

SiO2 layer. Note that the optical constants for Al and SiO2 were 

obtained from Palik.[50] The difference between the optical 

measurement and modeling can be understood by the 

morphology variations from the fabricated sample, the ideal 

structure used in the modeling, and the wave diffraction effect 

as discussed previously. The electromagnetic fields at the three 

reflectance dips were plotted as shown in Fig. 8 to help 

understand the mechanisms of the multiple-band selective  

 
Fig. 7 (a) Schematic of the AlND/SiO2/Al metamaterial absorber with uniform geometry. (b) Photo and SEM image of fabricated 

50-nm-AlNDs on 100-nm-SiO2 on Al metamaterial absorber. (c) Measured optical reflectance by MORT microscope from the 

fabricated AlND/SiO2/Al sample and simulated hemispherical reflectance at normal incidence by HFSS with uniform geometry. 
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Fig. 8 Simulated electromagnetic fields at the resonance wavelengths of (a) 469 nm, (b) 550 nm, and (c) 667 nm for the 50-nm-AlND 

on 100-nm-SiO2 on Al multiple-band absorbers. 

 

absorption. It can be seen at all three resonant wavelengths that 

strong magnetic fields, along with electric current loops, are 

confined within the additional SiO2 spacer layer between the 

AlNDs and bottom Al film, which confirms the excitation of 

multiple MP resonances. The MP resonance wavelengths are 

determined by the local sizes of the enhanced magnetic field 

region, in particular, underneath the gap between neighboring 

AlNDs. For example, the MP resonance at  = 469 nm only 

occurs within the SiO2 layer, while that at  = 550 nm involves 

the strong magnetic field enhancement within both the AlND 

gap area and the SiO2 layer. The field distribution at  = 667 

nm shows that the magnetic field is enhanced in a larger region 

within the SiO2 layer.  

 

5. Conclusions 

In summary, we have experimentally demonstrated selective 

color absorbers made of AlND metamaterials by exciting 

magnetic polaritons and surface plasmon polariton with a low-

cost approach. Sub-micron nanodisk patterns with nanometric 

spacing as small as 30 nm were successfully fabricated with 

the AAO template without expensive tools such as e-beam 

lithography. By simply varying the AlND thickness during the 

aluminum deposition (50 nm, 87 nm, and 130 nm), which 

changes the resonance wavelength of selective absorption 

associated with MP (508 nm, 631 nm, and 821 nm, 

respectively), the reflectance spectra can be tuned such that the 

samples exhibited different colorations like purple, red, and 

green as shown here. Numerical simulation with uniform 

geometry has confirmed and elucidated the physical 

mechanisms, whereas more sophisticated modeling 

considering morphology variations from fabricated samples 

will be implemented in future design and validation. With the 

fabrication processes to be further improved for achieving 

uniform samples in cm-scale samples or larger, the results 

presented here could facilitate the development of selective 

absorbers made of metamaterials for solar thermal,[1-4] 

radiative cooling,[9, 10] and sensing applications[14-16] in a cost-

effective way.    
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