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Distinct characteristics of femtosecond lasers such as ultrashort pulse width and extremely high peak in-
tensity have opened up new avenues for materials processing. Thus, many researchers are currently
studying in diverse fields of materials processing using femtosecond lasers, including micromachining,
surface nanostructuring, super-resolution nanofabrication, nano and novel materials synthesis, material
welding and bonding, three-dimensional and volume processing, and tailored beam processing. Among
these subjects, this paper reviews recent progress of three topics on surface nanostructuring, 3D and vol-
ume processing, and tailored beam processing that are being investigated by the author’s group.
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Fig. 1 SERS spectra of R6 G solution with different con-
centrations on Cu-Ag HSFL. The yellow line cor-
responds to the spectrum on glass substrate (Inset:
Raman spectrum of 1072 M R6 G on glass enlarged
by 5 times.).
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Fig. 2 (left) Inverse V-type structure ridge on the original
black wing of the Ornithoptera goliath butterfly.
(upper right) Scheme of producing biomimetic
surfaces by femtosecond laser ablation of metals
in acetone, which enables simultaneous metal sur-
face carbonization/C-precipitation and nanostruc-
turing (the black region indicates the ablated re-
gion). (lower right) The created structure with
UHSFL and LSFL looks very similar to the struc-
ture on the butterfly wing.
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Fig. 3 Cell stretching inside the nanochannels. (a), (b)
Grayscale fluorescence microscopy images of
mRFP2-histone-expressing cell nuclei invading
the narrow regions of the nanochannels. (a)
Obtained by merging fluorescence and optical mi-
croscope images of cells. The white arrow in (b)
shows an elongated cell inside the nanochannel.
(¢) 2D and (d) 3D confocal fluorescence microsco-
py images of mRFP2-histone-expressing cells ad-
ditionally stained for a membrane marker (green).
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Fig. 4 SEM image of 60°-tilted pure proteinaceous mi-
crostructures fabricated from HAS using a glycer-
ol-water—protein precursor, a 100 x N.A. = 1.35
immersion lens, and a 200 kHz fiber laser with
pulse width 397 fs.
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Fig. 5 Integration of 3D polymer microcomponent into
3D glass microfluidic structure by hybrid subtrac-
tive and additive femtosecond laser 3D processing
for efficient mixing of fluids.
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(a) front surface

(b) Backside

(c) Cross-section

Fig. 6 Fabrication of 2D array of through holes fabricated in 100 pum thick Si substrates by femtosecond Bessel beam tailored
with a binary phase plate. SEM images of (a) the front and (b) rear surface, and (c) cross-sectional image of through

holes.
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