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Fs laser induced ripple structures on metal surfaces

Ripples({%E#) in nature
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o Effects of incident angle on ripple period
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Polarization-dependent ripples
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| Nanospikes grown on ripples
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nanoneedle nanomushroom

The nanospikes have a diameter ranging from 10 to 100 nm (at the neck of the
mushroom-like spike) and up to 250 nm in length.

Opt. Express 15, 15741-15746 (2007)




Comparison between water ice spikes and metal spikes
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Colored metal
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Appl. Phys. Lett. 92, 041914 (2008).




Colored stainless steel




Precision Engineering 33, 248-254 (2009)
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Superhydrophobic surfaces of metals

1um

Copper Nickel Stainless steel Tantalum Tungsten

Contact angle>150°, superhydrophobic is achieved




Tuning of contact angles by the period of structures
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Transition from hydrophilic to hydrophobic




Fabrication of superhydrophobic surface on Si




Synthesis of ZnO nanoflowers and their wettabilities




Synthesis of ZnO nanoflowers
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Time-dependent contact angles measurement
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Photocatalytic Properties of ZnO Nanoflowers
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Fabrication of antireflection surface by fs laser
nanostructuring of S1C




Enhancement of absorption and decreasing of reflection
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Enhancement of photocurrent
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J. Appl. Phys. 105, 083103 (2009).




Polarization-dependent of nanochain orientation
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Recording Reconstruction
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Fabrication of computer-generated holograms

CGH Screen 7




Fabrication of periodic microstructures by multibeam interfered fs laser pulses
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Two kinds of beam delivery approaches

Sample
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Precise adjustments of optical delay by The optical setup is quite simple

observing the SHG or THG to obtain the and temporal overl.fap is achieved
temporal overlap of femtosecond pulses without any adjustments.




1 Writing of microgratings in glass by two-beam fs laser interference

~30um T




(a) E, ,~70pJ, 6~40° (b) E, ,~100uJ, 6~85°

(=
(=3
on
(=3
S
N
(=
(=]
—

Height (nm)




Formation of array microstructures on silicon
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DBS
Fs laser

Spots with a diameter of about
300um, exposure process (~5s).

A four-fold symmetric structure
was induced on the silicon
surface.

The period of array structures
was about 2.5 um.

As the exposure time is up to 5s,
the ablated surface deposited
much oxidized debris.

G_

532nm laser

Camera

Objective

Screen

/




Formation of array microstructures on Al film
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Fs laser induced refractive index change (An)

UV laser fs laser
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Femtosecond laser induced microstructures

The Chem. Rec. 109, 25(2005).




Absorption/a.u.

» A peak at 248nm — F center (an anion )
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Color centers — L1F : DFB laser
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Applications of An

Objective Waveguide A Optical fiber  He-Ne laser

Beam C // D
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Near field distribution Far field distribution




2D and 3D preparation of optical waveguide
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Fresnel lens




Fiber attenuator
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Applications of An — Coupler/splitter
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Applications of Anh — Ring-resonator
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| Applications of An — Interferometer
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_IAppIicationS of An — Talbot and Damman gratings




Single femtosecond laser beam-induced
nanograting

! 10nm
~.,-, h‘rr ,‘,.,.* _,'.' 100X (0.95)

.I-I'-j-i t:ri-':- «w -lt,'ll 120fs

SR T

bor 3 ._J=T:T1{_,'T ot 200mW E

] L & Sy - o J
TS MEANES CA RN T ] 1s

F L o - - = -
LA I T I T e T T

:4-mye 0 Y i

] E 1 * ¥
40 - - L] 'l- ] L3l L L D

P -l-_'r"-'.r_;‘t -
- 1 LTk, 200nm

Optical

microphotograph BEI image of SEM

Phys. Rev. Lett., 91(2003)247405.




SD optical memory
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After drilling Etching for 90 h

Thickness 3 mm

Hole drilling of glass by femtosecond laser
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Photoreduction

P Photochromic Lenses

sunlight

2A8X = 2Ag + X,

X — halide ion
P Femtosecond laser photoreduction of ions

»Nobel metal ions
» Transition metal ions
»Heavy metal ions

»Rare earth ions




. Formation of metal nanoparticles in glasses

Refractive index change in femtosecond laser irradiated Au3*-doped
silicate glasses

J. Qiu et al. Angew. Chem. Int. Ed. 43, 2230 (2004).
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I Formation of semiconductor nanocrystals-glass composites

| 4 Heat 9
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Appl. Phys. A 93, 183 (2008).
Opt. Lett. 36, 262 (2011).




Formation of S1 nanocrystals-glass composites
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Formation of Ge nanocrystals-glass composites
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G. Lin et al., Opt. Lett. 36, 262 (2011).




The future of An

Past Present Future

~1 mm N

F In the past, refractive indices of core and cladding layers were approximately
1.50 and 1.45, respectively.

F In present case, semiconductors (Si, Ge) and conventional oxide glasses,
with indices of about 3.5 and 1.5, respectively.

F In the future, 3D integration of different components in glasses are expected.
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Micromachining of micro-devices




Micromachining by fs laser
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Drilling and cutting of tungsten by fs laser
Laser: 800nm, 1kHz, 10-100mW




Fs laser micromaching micro-mechanical oscillators

scheme one scheme two

Laser: 800nm, 1kHz, 20mW




Hole drilling - Steel

Hole (100 pum ) drilling in 100 um steel sheet 30 um diameter hole drilled in 25 pm steel foil
Laser: 1064nm, 100kHz, IW Laser: 1064nm, 100kHz, 0.5 W

Throughput ~180 holes/min




Hole drilling -Silicon

Parameters

TP 180 fs 12 ps 25ns

S 780 nm 532 nm 355 nm
Es 100 pd 5ud 270 wJ
fe 1 kHz 50 kHz 25 kHz




Hole drilling —Ceramic & Glass

1 mm hole drilled in a 200 um 1 mm hole drilled in a 140 um thick glass
thick ceramic sheet coverslip

Laser: 1064nm, 100kHz, 10W Laser: 355nm, 100kHz, 2W




Cutting- Steel

Cutting of 50 um steel sheet




Cutting- Silicon

Parameters

532 nm
10 W
50 kHz
30 ym




Surface structuring

100mm/s

Tmm/s

Riplet structures on metallic surfaces with reduced friction




|Fs laser fabrication of MEMS device

S1C microgears cut by fs laser

Laser: 800nm, 1kHz, 100mW







‘ Fs laser cleaning

Before cleaning After cleaning

Tungsten foil
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