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Interaction between light wave and asymmetric metal/insulator/metal (MM)
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MIM structure with twin hole (at optical fiber tip)
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Actual configuration of MIM/twin hole fiber tip
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Spectral reflectance of the MIM structure (experiment)
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Observation of transmitted light from twin hole backlit with WL
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Extracting and focusing SPPs inside asymmetric MIM structure
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CONCLUSIONS

Transmitted light of the MIM structure (w/ and w/o polarization of backlight)
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Light wave propagation toward sharpened fiber tip (A=632.8nm)
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Typical SEM image of FIBed twin holes in Ag thin film
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3D FEM modeling of asymmetric MIM structure with twin hole
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Overview of the FEM model

After meshing for the FEM

Glass/silver interface

Thicker silver layer with twin hole

Refractive index data used in the simulation

1.400 ¢ | 49 f—e

13952\ MgF2 ¢ \ Si0z2
= 1\ i 1.489\ -
= 13907 \ i \
£ TN L = 1471 \
S 1.385- N 2 \.
= ] T~ : 1.46 \
1.380- R ~
1375 : 1457
500 1000 500 1000

Wavelength [nm] Wavelength [nm]

=0
"000

1000 1500
Wavelength [nm]

500

This research 1s having an eye to extract, guide, and focus the SPPs through a thicker metal layer of a asymmetric MIM structure with FIBed subwavelength pass-
through holes. The expected outcome is a creation of noble, monochromatic, and tunable fiber probe for scanning near-field optical microscopes (SNOMs) with intense
white light sources. Basic experiment and FEM simulation have demonstrated the feasibility of a plasmonic MIM/twin hole head for a SM fiber probe head of SNOMs.
In the next stage, prototypes of the SNOM probe head will be diagnosed by the introduction of laser light or white light into the fiber core.

ACKNOWLEDGMENTS

This work was supported by JSPS KAKENHI Grant Number 24560060. The authors express their appreciations to Mr. Masanori Hashiguchi (KESCO), Mr. Kazuyuki
Misumi (KESCO), Dr. Magnus Olsson (COMSOL AB), and Mr. Ulf Olin (COMSOL AB) for their valuable tips and fine suggestions about 2D- and 3D-FEM models

and calculations.

REFERENCES

[1] Y. Oshikane et al., “Observation of 100 nmx100 nm square holes on Pt thin film with scanning near-field optical microscope,”

in Conference on Lasers and Electro-Optics/Pacific Rim 2009, (Optical Society of America, 2009), paper WD4 2.

[2] Y. Oshikane et al., “Numerical and experimental studies on plasmonic effects associated with a pair of subwavelength holes on metallic thin film,” Proc. of SPIE, vol. 7757, paper number 7757-95 (2010), DOI: 10.1117/12.863587.
[3] Y. Oshikane et at., “Plasmonic active spectral filter in VIS-NIR region using metal-insulator-metal (MIM) structure on glass plate,” Proc. of SPIE, vol. 8463, paper number 8463-2 (2012), DOI: 10.1117/12.929201.

[4] K. Murai et al., “Design and fabrication of active spectral filter with metal-insulator-metal structure for visible light communication,” Proc. of SPIE, vol. 8632, paper number 8632-23 (2013), DOI: 10.1117/12.2003637.

[5] K. J. Rawlings et al., “Substrate-Diffusion-Controlled Film Growth: Silver and Copper on Lead (111),” Thin Solid Films, 67:171 (1980).

[6] http://www.comsol.com/.

[7] E. D. Palik (ed.), “Handbook of Optical Constants of Solids,” Academic Press, Orlando, Florida (1985).
[8] P. B. Johnson et al., “Optical Constants of the Noble Metals,” Phys. Rev. B6, pp. 4370-4379 (1972), doi:10.1103/PhysRevB.6.4370.

[9] A. D. Raki¢, “Algorithm for the determination of intrinsic optical constants of metal films: application to aluminum,” Appl. Opt. 34, pp. 4755-4767 (1995), doi:10.1364/A0.34.004755.
[10] M. J. Dodge, “Refractive properties of magnesium fluoride,” Appl. Opt. 23, pp. 1980-1985 (1984), doi:10.1364/A0.23.001980.




