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1. We succeeded in fabrication of 3D hybrid nanorobot integrating carbon nanotubes (CNTs).
2. We succeeded in optical manipulation of the hybrid nanorobot.
3. We succeeded in single cell puncture with the hybrid nanorobot by irradiating IR laser on CNTs.
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Holographic Optical Tweezers (HOT)

Femtosecond Laser Exposure System
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Hybrid Nanorobot on a microfluidic chip
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Fabrication Resolution
Line width 

SU-8 only: 270 nm ± 30 nm
With CNT: 1.3 μm ± 0.1 μm

Line thickness 
SU-8 only: 600 nm ± 120 nm
With CNT:   2.3 μm ± 0.2 μm

5.0 μm

Fabricated Nanorobot

Process Flow

Optically Driven On-Chip Robot

• Open space
• Low throughput
• Low repeatability
• Operator dependent

• Cell analysis
• Cell measurement
• Cell surgery

• High positioning precision
• Wireless manipulation
• Multi/ independent manipulation
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Laser wavelength: 780 nm
Laser power:         1.0 mW
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K. Onda, et al, Optics Express, (2012)

100nm beads was injected into target cell
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Irradiated laser energy

ܲ ൈ ܣ ൌ 3.62ሾܹ݉ሿ

ܲ: ݎ݁ݓ݋ܲ	ݎ݁ݏܽܮ ൌ 3.55 ൈ 10ଵ଴	 ܹ/݉ଶ

:ܣ ܽ݁ݎܣ	݀݁ݐܽ݅݀ܽݎݎܫ ൌ 2ܴ ൈ ݎ2 ൌ 1.02 ൈ 10ିଵଷ ݉ଶ

Laser spot diameter 2R: 680 [nm]

CNT diameter r: 150 [nm]
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Fabrication

5μm

Top View

Fabrication Resolution

Carbon Nanotube (CNT)

E. Miyako, et al, Lab on a Chip, (2008)

• Photothermal property


