
 CO2 concentration is optically measured on the basis of molecule-specific infrared 
absorption. 

 However, wide band radiation of conventional infrared emitters leads to wasteful 
consumption of energy and has restricted the battery life of portable sensors.

 Metasurfaces made of arrayed sub-wavelength-sized plasmon cavities enables 
engineered thermal emission of only necessary wavelengths. 

 This is employed for infrared emitters for CO2 sensing with reduced energy 
consumption.
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Metasurface infrared emitter for CO2 sensing

 Portable CO2 sensors with long battery life
 Optical gas alarms free of false detection
 Infrared heaters only for specific targets
 Two granted patents

 Material optimization for high intensity radiation
 Further improvement of energy efficiency by 

optimizing thermal conduction design

 H. T. Miyazaki et al., Appl. Phys. Lett. 105, 121107 (2014).
 H. T. Miyazaki et al., Sci. Technol. Adv. Mater. 16, 035005 (2015).
 H. T. Miyazaki and M. Iwanaga, Rev. Laser Eng. 44, 10 (2016).

 4.26- and 3.95-m radiation necessary for CO2
measurement is generated by applying voltage

 Suppressing unnecessary radiation reduced the 
power required for achieving identical output

 This device can be regarded as a metasurface, a 
type of metamaterials

 Fabricated by mass-productive nanoimprinting
 Crucial for reliable gas alarms

 4.26- and 3.95-m radiation is thermally excited in 
rectangular plasmon cavities (optical antennas)

 Arrayed vertical (shown in blue) and horizontal 
(red) cavities yield unpolarized radiation

 Nearly perfect blackbody radiation at two 
wavelengths is achieved by optimizing the period 

 Heated up to 300°C by an air-bridged heater
 Applicable to other gasses by tailoring dimensions
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Schematic of high-emittance 
metasurface, 
which comprises three stacked 
layers. The top and bottom 
layers are complementary in 
structure. 

Ultrasensitive Optical Biosensing
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 It is widely known that FL detection is one of the sensitive sensing methods for 
biomolecules.

 However, highly FL-enhancing sensor substrates have been hardly reported.
 Also, it has been difficult to obtain good reproducibility in the known FL sensors. 

 Newly developing metasurfaces with high FL-enhancing capability
 Incorporating gold at the outmost surface, in order to exploit interface techniques 

that can select biomolecules
 Experimental demonstration of the metasurfaces

 H. Kurosawa and M. Iwanaga, RSC Advances 7, 37076-37085 (2017).
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 Perfect-emittance metasurfaces were newly 
conceived and demonstrated. 

 Mass-productive nanoimprint lithography was 
implemented.

 Exceptionally large FL enhancement was found. 

 To show many examples for FL-labeled 
biomolecule detection employing the 
metasurfaces.

 To conduct FL detection for highly interested 
biomarkers. 
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Photo of the metasurfaces, 
fabricated by UV 
nanoimprint lithography. 
Large-area metasurfaces of 
1 cm2 were realized.

Typical experimental results. 
 Significant FL-intensity 

enhancement exceeding 
2000 fold was obtained.
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