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The objective of this study was to research innovative laser processing
technology to fabricate three-dimensional microstructures inside biocompatible materials to control
optical properties, and to contribute to the creation of highly functional scaffolds. Specifically,
we developed a technology to fabricate functional metallic microstructures inside soft materials,
and a technology to fabricate structures that guide and localize light to metallic microstructures.
By developing a multi-photon reduction technology to fabricate metallic microstructures inside
hydrogels, we have realized the tunable optical properties and experimentally demonstrated that
mechanical properties can be changed.



@

(PEG)

@

®

*

CNF
FT-IR

®)

PEG

pH

(PEGDA)

TEM

CNF

CNF



€))
PEG

@

60 nm 80 nm

®

PEGDA
(PEGDMA)

PEGDMA

FT-IR

*

550 nm

458 nm

Keio Univ.

Stress (MPa)

—wl/o CNF
—0.25 wt%
—0.50 wt%
—0.75 wt%
—1.00 wt%

100 200 300 400 500
Displacement (um)

CNF

600



FT-IR CNF

PEGDA
3 CNF
CNF
CNF CNF
PEGDA
®)
1. M. Terakawa, M. L. Torres-Mapa, A. Takami, D. Heinemann, N. N. Nedyalkov, Y.

Nakajima, A. Hordt, T. Ripken, A. Heisterkamp, "Femtosecond laser direct writing
of metal microstructure in a stretchable poly(ethylene glycol) diacrylate (PEGDA)
hydrogel,” Opt. Lett., 41, 1392 (2016).

M. Machida, Y. Nakajima, M. L. Torres-Mapa, D. Heinemann, A. Heisterkamp, M.
Terakawa,” Shrinkable silver diffraction grating fabricated inside a hydrogel using
522-nm femtosecond laser,” Scientific Reports 8, 187 (2018).



7 6 3 4

Manan Machida, Takuro Niidome, Hiroaki Onoe, Alexander Heisterkamp, Mitsuhiro Terakawa

27

Spatially-targeted laser fabrication of multi-metal microstructures inside a hydrogel

2019

Optics Express

14657-14666

DOl
10.1364/0E.27.014657

30
2019
55-58
DOl
Naonari Kondo, Mitsuhiro Terakawa 125
Biodegradability of poly(lactic-co-glycolic acid) irradiated with femtosecond laser pulses 2019
without material removal
Applied Physics A 135/1-10
DOl
10.1007/s00339-019-2433-z
Machida Manan Shen Weilu Onoe Hiroaki Hiruta Yuki Heisterkamp Alexander Mazur Eric 11
Terakawa Mitsuhiro
Anionic fluorophore-assisted fabrication of gold microstructures inside a hydrogel by multi- 2020
photon photoreduction
Optical Materials Express 48 48

DOl
10.1364/0ME. 412066




Takayama lzumi Katayama Akito Terakawa Mitsuhiro 10

Fabrication of Hollow Channels Surrounded by Gold Nanoparticles in Hydrogel by Femtosecond 2020

Laser Irradiation

Nanomaterials 2529 2529
DOl

10.3390/nan010122529

Takayama lzumi Kondo Naonari Kalies Stefan Heisterkamp Alexander Terakawa Mitsuhiro 13

Myoblast adhesion and proliferation on biodegradable polymer films with femtosecond laser- 2020

fabricated micro through- holes

Journal of Biophotonics 202000037
DOl

10.1002/jbio.202000037

Sugiyama Hiroki Tsunemitsu Kaneto Onoe Hiroaki Obata Kotaro Sugioka Koji Terakawa 11

Mitsuhiro

Microfabrication of cellulose nanofiber-reinforced hydrogel by multiphoton polymerization 2021

Scientific Reports 10892

DOl
10.1038/s41598-021-90445-7

25 6 15

82

2021




42

2022

69

2022

Hirofumi Tomikawa, Kaneto Tsunemitsu, Yo Nagano, Mitsuhiro Terakawa

Dynamically changing the transmission property of hydrogel using metal microstructures fabricated by multi-photon
photoreduction

2021 MRS Fall Meeting & Exhibit

2021

Kaneto Tsunemitsu, Akira Watanabe, Hiroaki Onoe, Mitsuhiro Terakawa

Double-network hydrogel microstructures fabricated by multi-photon cross-linking for changing three-dimensional mechanical
strength

SPIE Photonics West On Demand 2022

2022




Yo Nagano, Hiroaki Onoe, Mitsuhiro Terakawa

Light-driven flow control within the microchannel inside a hydrogel by utilizing metal microstructures fabricated by
multiphoton photoreduction

SPIE Photonics West On Demand 2022

2022

Mitsuhiro Terakawa, Shuichiro Hayashi, Fumiya Morosawa, Hirofumi Tomikawa, Yo Nagano, Manan Machida, Hiroaki Onoe, Alexander
Heisterkamp

Laser direct writing of functional microstructures in transparent soft materials using femtosecond laser

SPIE Photonics West On Demand 2022

2022

81

2020

Mitsuhiro Terakawa

Multiphoton photoreduction in hydrogel

CLEO-Pacific Rim 2020

2020




Kaneto Tsunemitsu, Ryo Sano, Akira Watanabe, Hiroaki Onoe, Mitsuhiro Terakawa

Microfabrication of double-network hydrogel with enhanced mechanical properties by multi-photon polymerization

SPIE Photonics West 2021

2021

Mitsuhiro Terakawa, Manan Machida, Kosuke Mizuguchi, Ryo Sano, Hiroaki Onoe, Takuro Niidome, Alexander Heisterkamp

Spatially-targeted laser fabrication of multimaterial microstructures in hydrogel

SPIE Photonics West 2020

2020

Takeshi Kubota, Yuta Kurashina, Hiroaki Onoe

Ultrasound-triggered controlled release of nanoparticles from hydrogel microbeads by release-promoting particles

The 23rd International Conference on Miniaturized Systems for Chemistry and Life Science (microTAS)

2019

92

2019




10

2019

Mitsuhiro Terakawa, Ryo Sano, Manan Machida, Hiroaki Onoe

Laser based fabrication of composite structures in a hydrogel

38th International Congress on Applications of Lasers & Electro-Optics (ICALEO 2019)

2019

Manan Machida, Takuro Niidome, Hiroaki Onoe, Alexander Heisterkamp, Mitsuhiro Terakawa

Site-selective fabrication of dissimilar metal microstructures in hydrogel by multi-photon photoreduction

15th International Conference on Laser Ablation (COLA 2019)

2019

Manan Machida, Maria Leilani Torres-Mapa, Alexander Heisterkamp, Mitsuhiro Terakawa

Fabrication of gold and silver microstructures inside a hydrogel by multi-photon photoreduction

International Symposium on SSS Laser Processing at Keio University

2019




Mitsuhiro Terakawa, Yasutaka Nakajima, Akito Katayama, Nikolay Nedyalkov

Femtosecond laser processing for fabrication of conductive composite microstructures

20th International Conference and School on Quantum Electronics (1CSQE2018)

2018

Naonari Kondo, Mitsuhiro Terakawa

Fabrication of micro through-holes in poly(L-lactic acid) film by femtosecond laser irradiation for patterning C2C12 cells

The 19th International Symposium on Laser Precision Microfabrication (LPM2018)

2018

Mitsuhiro Terakawa

3S Laser Processing: Integrating Soft Materials and Metal Microstructures

29th International Symposium on Micro-NanoMechatronics and Human Science (MHS)

2018

Mitsuhiro Terakawa

Fabrication of microstructures composed of metal and soft material by using femtosecond laser

International Workshop on Frontiers in Lasers and Applications (FLA 2018)

2018




66

2019
Maria Leilani Torres-Mapa Alexander Heisterkamp
39
2019
Maria Leilani Torres-Mapa Alexander Heisterkamp
3
2018

2018




(Hiroaki Onoe)

(30548681)

(32612)

Laser Zentrum Hannover e.V.

Leibniz University Hannover

Bulgarian Academy of Sciences

Harvard University




