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The properties of ultrafast laser pulses
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Why ultrafast laser?
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Why ultrafast laser?
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microscopy

S. W. Hell, J.
Wichmann, Opt.
Lett. 19, 780 (1994)
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The key ideas - mode locking and CPA
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Passion for short laser pulses
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The key ideas - mode locking and CPA
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D. rickland and G. Mourou, Opt. Commun. 56, 219 (1985)
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Passion for intense laser pulses
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K. M. Davis et al., Opt Lett 21, 1729 (1996)
S. Nolte, et al., Appl. Phys. A, 77, 109 (2003)
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X1 EE (Two-photon polymerization)

S. Kawata, et al, Nature 412, 697, 2001
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T HE 4 (Two-photon polymerization)
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Micro models of the Eiffel Tower, Brandenburg Gate and Statue of Liberty,
made via TPP. Photo courtesy of Nanoscribe.

MNEarsari, et al., Nat. Photonics 3, 450 (2009) http://www.micromanufacturing.com
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Femtosecond laser
Mirror

Microscope
objective

Sample
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Li et al., Opt. Lett., 26, 1912, 2001
HF acid bath Hwang et al., Appl. Phys. A 79, 605, 2004
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Marcinkevicius et al., Opt. Lett., 26, 277, 2001
Vishnubhatla et al., Appl. Opt., 48,114, 2009
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Y. Liao, et al, Lab Chip, 12,746 (2012)

C. Liu, V. Liao, et al, J. Laser Micro/Nanoeng. 8, 170
(2013)

- . .
= SIOM State Key Laboratory of High Field Laser
Physics, SIOM



3+ bakerdZ # 1) = 4E AL IR &
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Y. Liao, et al, Lab Chip, 12,746 (2012)
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Y. Liao, et al, Lab Chip, 12,746 (2012)
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How to make a 3D micromixer

Ya Cheng, Yang Liao, Zhizhan Xu, Koji Sugioka, and Katsumi
Midorikawa

A femtosecond laser can make microchannels in fused silica to combine
tiny volumes of liquids.

Microfluidics is a rapidly emerging technology that enables
miniaturization and integration for biological, chemical, and
medical applications. By integrating fluidic functions such as
valving, metering, mixing, transport, and separation on a sin-
gle substrate, microfluidic systems can be used to control and
manipulate tiny volumes of liquids with high precision, en-
abling downsizing of both chemical and biclogical analyses.
Fluid mixing is an essential function required by most

Figure 1. Close-up schentatic diagram of the 3D passive microfluidic
mixer

*ﬁ?@fﬁﬁ ---- SPIE Newsroom, Laser Institute of America,
Institute of Nanotechnology
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Home / News / 3D Microfluidic mixer by Femtosecond Laser Direct Writing

FreFes 04 April 2012 Shanghai Institute of Optics and Fine Mechanics.

Membership 3D Microfluidic mixer by

Consultancy Femtosecond Laser Direct Writing
NEAT Course Directory
Advertising Microfluidics is a rapidly emerging technology
Order Online that enables miniaturization and integration for
biclogical, chemical, and medical applications.
The fluid mixing is an essential function
News required by most microfluidic systems,
Events however, fast and efficient fluid mixing inside
microchannels is usually difficult to achieve due
to the laminar nature of microflows
Education characterized by low Reynolds numbers.
Recently, various passive mixers have been
developed to achieve efficient mixing by
utilizing three-dimensional (3D) geometric w’a‘;f;z:zﬁ“g;a“;%“ﬁ“‘grg‘:cgﬂzﬁz'g:g‘cmg“’y_
Images. structures to induce disturbance in the fluids Image Credit. SIOM.
Nevertheless, the fabrication of 30 microfluidic

cbrambiirnn sadbh Arkiirans manmanbdas in ol hallannine § it fnascihla hasarsn fadais

Resources

Reports

Figure (a) Schematic 3D diagram of the passive
microfiuidic mixer, (b) Numerical simulation of
mixing result (c) Fluorescence microscopy image
of mixing experiment, (d) and () Fluorescence

What is nano?
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Femtosecond Laser Micro/Manomachining of Glass Materials for Optofluidic
Appllcatmns and Beyond

Mowadays. microflullc systems for controling and menipulating tny volumes of Bguids Wit high precision have
attracted sigrificant atizndon due ko thelr capsbilky of downetzng Both chemistry 3nd bialogy. In addttian, It s
often desiratiz o Incorporate micro-optical structurss Imo tha microduldls chips, 'which l23ds % nof only compsct
chemical and biologleal sensare, but alsa tunable 3nd recomNigurable 3sar davices. For both microfuldle and
micro-optcal sppications, fsed ellca can ba an ioeal substrata mekanal due 1o HE expaler phyekal and
chemical propertiss, such 3= chemical Ineriness, low thenmal expansion cozMelkent, low autoluorescence.,
excapional Fansmimance over a wide Gpectral range, and 60 on. On the other hand, fabrization of thrae-
dmensional (30} microstruciures with fused sllicz, Induding embedded microfiuldle channals and microepharcal
opical lzngeg, has long bean 3 challengs becsusa tredonal approaches basad on photolthograghy Inherzntly
proguce planar stuchures. Hera, wa show Jat thasa dHficullies can be overcome by means of femioescond keses
micromachining.

FEMTOSECOND FLEXIBILITY

The 30 nature af the femiosacond |3ser direct wiiting offers
Nz:aity for constructing complex microfiuidic netwerks In glass.
The main fabricstion process Indudes o steps: (1) dragt
formeion af hollow microchannets In 3 porous glsse Eubsirats
ImmeEed In water by femipecond taser ablation (Flg. (3]} and
{2y postannaaling of tha glass sample 2t ~ 1150 "C by which ha
poroLE glass £an b consolidated due b colapsa of tha
nanapores (Fig. (k). The consolidatzd giese Eample can then
b= usad to confing lkquids In the tabrcated 30 microfuldic

rhzrnol withcad o lzsksna 3c cddonesd b Bim 1077 Boeoics
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(a) 90 nJ (b) 70 nd (c) 60 nJ
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Y. Liao et al, Opt. Lett. 38, 187 (2013
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Y. Liao, et al, Appl. Phys. A 114, 223 (2013) (Invited)
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Y. Liao, et al, Lab Chip, 13, 1626 (2013)
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(2) Formation of AgNO3\ / (3) Femtosecond
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Y. Liao, et al, Opt. Lett. 33, 2281 (2008)
Y. Liao, et al, Appl. Surf. Sci., 254, 7018 (2008)
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Y. Liao, et al, Chem. Phys. Lett., 498, 188 (2010)
Y. Liao, et al, Opt. Mater. Express, 3, 1698 (2013)
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F. Dausinger and S. Sommer, “Ultrafast Laser Processing: From Micro- to Nanoscale
Industrial Applications”, in “Ultrafast Laser Processing: From Micro- to Nanoscale” , Edited
by K. Sugioka and Y. Cheng, Pan Stanford Publishing Pte. Ltd. , 2013
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F. Dausinger and S. Sommer, “Ultrafast Laser Processing: From Micro- to Nanoscale
Industrial Applications”, in “Ultrafast Laser Processing: From Micro- to Nanoscale” , Edited
by K. Sugioka and Y. Cheng, Pan Stanford Publishing Pte. Ltd. , 2013
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High-precision drilling-PCB

F. Dausinger and S. Sommer, “Ultrafast Laser Processing: From Micro- to Nanoscale
Industrial Applications”, in “Ultrafast Laser Processing: From Micro- to Nanoscale” , Edited
by K. Sugioka and Y. Cheng, Pan Stanford Publishing Pte. Ltd. , 2013
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Glass welding

http://www.industrial-lasers.com/
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1064nm ns 355nm ns

FIGURE 5: ITO on glass substrates (top view). Nanosecond laser at 1064 nm (left),
nanosecond laser at 355 nm (right).

1064nm ps 1064nm fs

FIGURE 7: ITO on PET foil substrates (top view). Picosecond laser at 1064 nm (left),
femtosecond laser at 1024 nm (right).

Patterning of ITO layers
M. Gebhardt, et al., Laser Technik J. 8 29 (2011)
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I. L. Chang, et al., Microelectron. Eng 110, 381385 (2013)
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Th. Bauer, et al., Technical Digest of LPM 2010 (JLPS), pp.127
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B. Becker, et al., Proceedings of LAMP 2013
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Laser surface pretreatment

B. Becker, et al., Proceedings of LAMP 2013
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FREAMSERA (Embossing and moulding)
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F. Dausinger and S. Sommer, “Ultrafast Laser Processing: From Micro- to Nanoscale :
Industrial Applications”, in “Ultrafast Laser Processing: From Micro- to Nanoscale” , Edited
by K. Sugioka and Y. Cheng, Pan Stanford Publishing Pte. Ltd. , 2013
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High-precision drilling-injection nozzles

F. Dausinger and S. Sommer, “Ultrafast Laser Processing: From Micro- to Nanoscale
Industrial Applications”, in “Ultrafast Laser Processing: From Micro- to Nanoscale” , Edited
by K. Sugioka and Y. Cheng, Pan Stanford Publishing Pte. Ltd. , 2013
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High-precision drilling- negative conical holes
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F. Dausinger and S. Sommer, “Ultrafast Laser Processing: From Micro- to
Nanoscale Industrial Applications”, in “Ultrafast Laser Processing: From Micro- to
Nanoscale” , Edited by K. Sugioka and Y. Cheng, Pan Stanford Publishing Pte.
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Lab on a chip Advanced photonic circuit

http://physics. org
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Ideal industrial ultrafast lasers

Ease of maintenance (reliability & stability) and operation

[sEF. “EF75(E]
High average power (hundreds to a few thousands watts)
[SEHTh]
High repetition rate (100 kHz ~ 10 MHz) [SESH=]
. Conservative pulse duration (less than ~500 fs, or ideally <

300 fs) [BKEEFETF500 €F)]
. Conservative pulse energy (> 10 uJ) [BXHgEEAF10 HILE]
. High beam quality (M2 < 1.5) [[S¢Rm/&]
. Wavelength tunability (UV to IR, e. g., ~400 nm ~2 pum)
[RISTELRIMEILLIMEERPIRTRIE]
Reasonable photon cost (a few times of that of the
nanosecond lasers) [BRZEZAMNEE]. ..
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