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ABSTRACT 

We experimentally demonstrate a structured thin film that selectively absorbs incident electromagnetic waves in discrete 
bands, which by design occur in any chosen range from near UV to far infrared.  The structure consists of conducting 
islands separated from a conducting plane by a dielectric layer.  By changing dimensions and materials, we have 
achieved broad absorption resonances centered at 0.36, 1.1, 14, and 53 microns wavelength.  Angle-dependent specular 
reflectivity spectra are measured using UV-visible or Fourier spectrometers.  The peak absorption ranges from 85 to 
98%. The absorption resonances are explained using the model of an LCR resonant circuit created by coupling between 
dipolar plasma resonance in the surface structures and their image dipoles in the ground plane. The resonance 
wavelength is proportional to the dielectric permittivity and to the linear dimension of the surface structures.  These 
absorbers have application to thermal detectors of electromagnetic radiation. 
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1. INTRODUCTION 

Wavelength-selective absorbers have a wide range of applications including microbolometers 1, thermal imaging 2, 3, 
coherent thermal emitters 4, solar cells 5, thermal photovoltaic solar energy conversion 6,7 and refractive index sensing 8,9. 
Resonant plasmonic and metamaterial structures are being investigated widely and are reported to produce perfect 
absorption up to 99% in the visible 10, near- and mid- infrared 11, 12, and terahertz frequencies13. The resonance frequency 
depends on the size of the structures14. The resonant absorption typically has bandwidth less than 12% of the center 
frequency14. Both experimental and numerical studies suggest that 99.99% absorption can be achieved with these kinds 
of absorbers in any frequency range, from optical to terahertz 3, 4, 10, 13. The resonance absorption occurs by excitation of 
localized magnetic and electric dipoles10, 13. Structures may be designed to be polarization independent and 
omnidirectional12 - 15. These absorbers have been studied both by simulations and experiments. Analytic theory has been 
less extensively applied, though it promises simple design rules and an understanding of underlying physics. In this 
paper we study these absorbers experimentally and interpret the spectra in terms of a simple analytic model. Fabrication 
is by standard photolithography and is compatible with MEMS processing. Silicon dioxide is the chosen dielectric for 
compatibility with such processing, although silicon dioxide has strong absorption and dispersion near 10 micron 
wavelengths.   

2. THEORITICAL CONSIDERATIONS 

Figure 1(a) presents a schematic of the considered structure. Surface conductors are taken to be squares arranged in a 
checkerboard pattern.  The squares are situated on top of a dielectric layer, which itself is supported by a metal ground 
plane.  Gold is taken as the conductor material and silicon dioxide as the dielectric spacer. Simulations 12, 13, 16 
demonstrate excitation of fundamental and higher order resonances and corresponding absorption of the driving fields. 
In the case of the fundamental, the incident electric field excites an electric dipole in the gold square.   An image dipole 
is excited in the gold film under the spacer material.  The driven current sloshing back and forth between the ends of the 
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dielectric, which occur as a sharp peak at 6.2 microns, a partially resolved doublet at 8 and 8.7 microns, a stronger 
partially resolved doublet at 9.7 and 10.7 microns, and a clear band at 12.5 microns. Significantly, the oxide reference 
sample lacks any significant absorption bands in the wavelength range 12-20 microns.  

 

Figure 4. LWIR (left) and far-IR (right) reflectance spectra. Black lines are spectra from samples without squares. Black 
dots represent theoretically calculated resonances. The peak LWIR and far-IR absorptances are 98% and 95%, respectively. 

When the squares are added to the surface of the LWIR sample, the spectrum changes significantly.  A new strong band 
appears at 7 microns. The unresolved bands 8 and 8.7 microns both deepen, but their relative strength changes 
dramatically.  The band at 9.7 microns actually gets weaker, while its partner at 10.7 microns becomes much stronger 
with a shoulder appearing at 11.2 microns.  Most significantly, a very strong and broad band appears at 14.3 microns, 
where there was no absorption before.  Symbols indicate the wavelength positions of the three fundamental resonances 
determined graphically in Fig. 2. There is fair agreement for the predicted resonances =14.26 and =7.73 microns 
and the observed bands at 14.3 and 8 microns, The predicted =9.07 micron band does not account for the reduced 
absorption at 9.7 microns, unless for some reason this resonance has actually blue shifted in contrast to the other two. 
The weakening of absorption strength at 9.7 micron due to the reduction in the absorption by SiO2 is caused by 
shadowing from the gold squares.  None of the predicted resonances corresponds to the broad band at 6.9 microns, but 
we note that this wavelength is about half that of the observed band at 14.3 micron and may be a harmonic.  

 

Figure 5. Reflectivity spectra for several far-IR samples for (left) different dielectric thicknesses at constant gold thickness, 
and (left) different gold square thicknesses at constant dielectric thickness. 

In Figure 4 (right), the reflectivity spectrum for the far-IR sample without squares confirms the absence of significant 
absorption for SiO2 in the wavelength range 30-80 microns.  When squares are added, a strong band with 95% peak 
absorption appears centered at 53 microns wavelength. According to Eq. 2, the resonance should appear at =62 micron 
wavelength using 	 = 2 for SiO2

18. Ref [18] reported indices of SiO2 from different papers, and it varies in the range of 
1.96 to 2.10 in 50-60 micron range. It is reported that the refractive index and absorption index varies with deposition 
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