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Fig. 1. Transmission characteristics of the thin metallic meshes




calculated from transmission line theory.

Table 1. Geometric parameters of produced thin metallic mesh.

100

T
Without sample
57.6 ng/mmi
72.0 ng/mm:

OO0 o e

86.4 ng/mm:

Mesh

No. Line / inch g 2a t
#1 500 50.8 17.8 6
#2 400 63.5 18.5 6
#3 333 76.3 18.2 6
#4 250 101.6 21.6 6

g: grid constant, 2a: wire strip width, t: thickness, unit of g, a, t: pm

Transmittance [%]
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Frequency [THz]
Fig. 3 Measured transmission spectra of the thin metallic meshes
with printed ink with various amount.
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Fig. 2 Measured transmission characteristics of the thin metallic

meshes in the THz range.
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Fig. 6 Measured transmission spectra of the samples
using the ESD method. (a) #1 and the same substrate
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Feasibility study of a less reagent protein analysis using terahertz waves
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Yuichi OGAWA. Shin’ichiro HAYASH', Hisa YOSHIDA', Aya HAYASHI', Eiji KATO?, Fumiaki MIYAMARU’, Chiko OTANF, and
Kodo KAWASE®

Division of Bioscience and Biotechnology for Future Bioindustries, Graduate School of Agriculture, Tohoku University
Terahertz Sensing and Imaging Laboratory, RIKEN SENDAI
Terahertz Quantum Device Laboratory, RIKEN SENDAT
Department of Physics, Faculty of Science, Shinshu University

Department of Quantum Engineering, Graduate School of Engineering, Nagoya University
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Abstract : Many researchers have been investigating various methods for analyzing biomolecules using terahertz
waves. Especially, the application to label-free sensing has been awaited as it was shown that it could replace
fluorescence labeling. We have been developing a sensing method for protein analysis based on a printing
technology, which uses the THz transmission characteristics of a conductive metal mesh and requires less
reagent amount. In this paper, we introduce our recent study of this application which uses a commercial printer

and the electrospray deposition (ESD) method to apply a protein sample on a thin metallic mesh.

Key Words : terahertz wave, printing technology, protein, label fiee sensing, electrospray deposition
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Table 1. Geometric parameters of produced thin metallic mesh.

Mesh
No. Line/inch g 2a t
#1 500 50.8 17.8 6
#2 400 63.5 185 6

#3 333 763 182 6

#4 250 101.6 216 6

g grid constant, 2a: wire strip width, t: thickness.  unitofg, a t yum
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Fig. 2. Transmission characteristics of the thin metallic meshes
calculated from transmission line theorv.
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Fig. 3 Measured transmission characteristics of the thin metallic

meshes in the THz range.
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Fig. 5 Measured transmission spectra of the thin metallic

meshes with printed ink with various amount.
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Fig. 6 Frequency of the transmission dip of the thin
metallic mesh as a function of printed ink.
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Fig. 7 Effect of heating denaturation and density of
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without peroxidase)
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Fig. 8 Measured transmission spectra of the thin metallic

mesh with printed peroxidase with various amount.
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Table 2. Parameter of the ESD samples.

Name. Substrate Density of Avidin
#1 Polyethylene membrane 200 ng/mm®
sputtered with platinum’!
#2 Thin metallic mesh™ 200 ng/mm®
#3 Thin metallic mesh™ 1200 ng/mm’

*1 Thickness of the polyethylene membrane is 10 um
and the thickness of platinum layer is 50 A.

*¥2  g:76.3 um, 2a: 18.3 pym, t: 6 pm.
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Fig. 9 SEM images of the thin metallic meshes with and
without avidin.
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