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Ultra-precise material processing using a femtosecond laser
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Laser output pattern 14 Pulse duration

1. Continues Wave Laser (CW laser) ‘i (femtosecond)
2. Pulse Laser n

» Time
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Ultrafast laser
(Pulse duration: -100fs, 800nm)

n:} Femtosecond (10-15) laser
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Application of Femtosecond Lasers

Femtophysfcs
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New material processing tool using an ultrafast laser

» Shorter laser-matterinteraction time than energy diffusion time

Interaction No hydrodynamics of matter under laserirradiation time

Mechanism » Many nonlinear processes (multi-photon absortion, self-focusing...)
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c.w. laser ns laser ps/fs laser
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Long pulse”
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Shock waves
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basic physical processes (in dielectrics)
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Long pulse (nanosecond) laser machining

Pulse duration: 5 ns
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Short pulse (femtosecond) laser machining
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Nanosecond laser vs Femtosecond laser in Machining

Long pulse (ns) laser Short pulse (fs) laser
N
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FDA U.S.Food and Drug Administration <£ i = 9]

CENTER FOR DEVICES AND RADIOLOGICAL HEALTH

FDA approves femtosecond laser for creating LASIK
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& ' Description:
3 This new state of the art laser outs the LASIK cormesl flap without the need For

& mechanical device that uses a blade {microkeratome).
Distinction

Nﬂdtﬂg
Thiz “Bladeless" procedure produces a Flap that i much more precse in

depth whils being deaner. This is perhaps the biggest leap in vision correction Turstimun'g’
surgery since the introducdtion of the original Lasik in 1998,
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resules from focusing the lser beam on an intemal point of the wa-

A umique feahare of stealth dicing is that the laser beam first irmdi-
ates an intemal point in the material and starts catting from that

greatly according to the laser beam depth™ Directng the laser

beam on the interior of the wafer during laser pro
more effective in keeping a small heat distrbutic:
ocorventional surface-focused laser process.

cess was found
n area than the

Stealth dicing Surface ablation process
{Internally focused laser process) {Surface focused laser process)
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Femtosecond laser direct processing

Concept

A 21 rarger

DF MACHINERY & MATERpAES

Size - several nm~
Control IEI] = x ?_ Al Depth : several nm~

o O 3D structure
Slzc www femtoskimm.kr
Shape

High Accuracy Demand
High Flatness

High Speed
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Low density plasma formation using fs laser
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» Photograph of Femtosec. Machining System
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» Femto-second laser & XY stage

[ Specifications of Laser |

= |

RING TITUTE OF MpCHISSYIRTIERIAL S

Laser source Ti:Sapphire
Wavelength A =790 nm
I Eem % 3.5 m¥/1 kHz
120 fs
Beam Diameter 8 mm
ARdam Quality(M?) <1.8
eam Mode TEM,, Gaussian
[ XY axis stage]
Working area 300 X 300 mm?
Resolution 5 nm/count
Position accuracy 2 pm
Repeatability + 14m
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» Process software
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Internal Material Processing

Internal processmg in bulk silica

using m Sfct dd I 93& D nd laser
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Refractive index modification & Optical Cracks

. . — . 14 2
Refractive index modification (I<—~1.5x10 W/cm)
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(a) Internai grating ~ (b) Diffraction image
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(a) Internal grating (b) Diffraction image

-

KIMM Korea Institute of Machinery & Material
—



Diffraction image

Incident light source
(He-Ne laser)
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Variation of the refractive index change

- Period : 2 pm

¥ k
2%10”" aw10”® ewl0® ewl0~® 0.00001

Distance along the grating vector

Principle - Transmission diffraction gratings

(From Kogelnik's coupled mode theory) (Calculated )
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Fabrication of optical waveguide

Writing Optical Waveguide Far-field Pattern

.
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Character writing in transparent materials
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Acryl Silica
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Femtosecond laser embedded grating micromachining
of flexible PDMS plates

KOREA INSTITUTE OF MACHINERY & MATERIALS
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Fabricated Fresnel zone plate inside fused silica
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Internal Material Processing

Inte I Mol &bl A 3 @ ibers

. KDHEAINSTITU'I‘E)F MACHIN% Y & MATERIALS .
induced by plasma seli-channeling

LR LERY
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Plasma self-channeling ?

Plasma self-channeling is an intensity-dependent nonlinear phenomenon, in
which a laser beam 1s tightly focused and guided for the distance longer than the Rayleigh
range

mlE:l_x-loq:tAEI

Mechanisni of se -C antlfling
www.temto-Kimm.Kr

Self-focusing Spatial intensity-dependent refractive index change
- Kerr Effect
5 ‘ Plasma self-channeling
Self-defocusing formation
- Jonization

.
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Microscopic side views of plasma channel
formation as a function of intensity

(a) 3x10 11 Wiem 2

—_—

1 {mm)
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Fabrication of double cladding structure in an optical fiber

(b) x 1500

TR

0 5 10 ( pum)
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Refractive index profile of induced bulk modification

150 —

KIMM étEJJJI EI-_r'

1as | OREA INSTITUTE E)F MAGHINERY & mmé IALS

147

el .u:II E
145 | Www.fe mtO'ﬁl

Refractive index

Flﬂtn
RE

L G 1 1 1 1 1 1-44 L L L L L
= 10 5 0 5 10 -10 5 0 5 10

Distance from center (mm) Distance from center (mm)

(a) Beforeirradiation (b) After irradiation
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Output intensity profile through multimode fibers

1

Lufensity (a.u.)

=]
o
St
)
]
=1
I
=
¥l
F
=
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-

e
0.3

” 100 (pum)

(a) Unmodified optical multimode fiber (b) Modified optical multimode fiber
(100/110 mm core/cladding diameter)
Induced refractive index modification provides a double
cladding structure in a multimode fiber and serves as a lower-
order mode converter from the propagating multimode beams.
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Fabrication of multi-core structure in an optical fiber

(a) Two core structure (b) Four core structure

-
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Internal Material Processing

ThrddNig S mta-'r_rlaining

KOREA INSTITUTE OF MACHINERY & MATERIALS

oi photo-structurable giass
HESEHT4
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Fabrication of 3-dimension Microstructure

= 44 |
: e
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Inside

Co—worker : Dr. Sugioka (RIKEN)
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Surface Material Processing

UltfIpipdi 252 AT of 2o tals

KOREA INSTITUTE OF MACHIN & MATERIALS

with a_iemioseconda laser
HESEHL4
www.femto-kimm.kr
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Femtosecond laser direct processing

Concept

A 21 rarger

DF MACHINERY & MATERpAES

Size - several nm~
Control IEI] = x ?_ Al Depth : several nm~

o O 3D structure
Slzc www femtoskimm.kr
Shape

High Accuracy Demand
High Flatness

High Speed
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Control technique of nano-micro machining with a femtosecond laser

fs Laser

| 1/4Waveplate | ﬁ

() 0
T b AR

1/2 A Wave Plate

Fiber
Iuminater

KOREA MSEITUIE (I',) CHI

xpan '..rlt.

Obj ective [
Lens
x20 (f=10mm)

Relay LEI!S

"' wfemt‘ﬁi‘klmm kr

X.Y.Z Stage

Procedure w——> Automatic Control by a ComPuter
1. Investigation of mteraction property between femtosecond laser pulses and targets

2. Control of laser property and its irradiation condition

3. Control of optical X-Y-Z nano-scale stage
4. Additional processings

.
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Precise nano-machining of bulk metals with a femtosecond laser

(Hole and Surface Relief structure)

Precise nano-machining on polished metal surface

BuleRT

©40pm . 3f ) 1{:: Bapﬂa J a 3 l

kb Ll 1
1#% nin Depth

+0.05000

-0.05000 ¥ | 4 SN -0.10000
0 1n8 i & | ¥ 0.0543

4
4
y—
Y

Hole (Flat Top) Structure Surface Relief Structure

-
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EtM& AFM cantilever XI&t
5 AIE9 JIHN =M X2 AFM cantilever

&l: stainless steel [t=50 um)
ABI XA

Y
oo e 1520 1412 T2
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| 7s Nd-YAG LASER VS Femtosecond LASER |

ns Nd—YAG LASER Femtosecond LASER

>
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HEE= oI - == 0IM 7I=

JHE: §AH W (t=500um), 2= 0I5 Al(t=500um], Allt=1mm] , OH3 7| % D}O K| H I
S 3K MO MRI (XIZLS AN K| EUAT K5l

KOREA BASIC SCIENCE INSTITUTE

KIMM =
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W [t=500um;  al =US0um; Al [t=1mm)]

.

KIMM Korea Institute of Machinery & Material
—



Surface Material Processing

Hole @ ﬂﬁgn!@%lﬁfﬁjaterials

HWEZHATA
www.femto-kimm.kr
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Hole drilling on sapphire using laser ablation

._I—EJIJIIE?..J

KDHEA STITUTE OF MACHINERY & MATEHIALS

(a) Surface (b) Inside
Irradiation condition: Length of Hole : 250 mm
(f:150 mm, P: 380 mJ/Pulse, Rep:1kHz, Irradiation time: 10 sec) Aspectrate: 17:1

i,
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Hole drilling on Silica Plates

Process: Internal modification + Chemical etching

= A S
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Hole drilling on Ruby

Process : Internal modification + Chemical etching

e e P = e
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Laser cutting of CVD Diamond
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Surface Material Processing

Surfa kKMt SR R F 2, etals

HWEZHATA
www.femto-kimm.kr
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Glass micromachining (soda lime glass)

erv & Material

KIMM Korea Institute of Machi



Glass micro-hole micromachining

ot fain 8 00 Teew AR Gl dry S

5 oMewn  Sonal A v QRSO MALS FIK Spot e v 350 Teve 35T Cwmbe 7 acg 000 |

BfTs ey WOS Meom SgalAnCES0 MAGS (KX 5o Roe = 90

300 pum hole 100 um hole
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8totJtZ [Al + glass(t:250nm)]

_G-Iass-l-lAI(ZSOmn)—M

Rimv

KOREA INS
=4

V: 0.02mm/s V: 0.02mm/s

Pulse power: 19uW Pulse power: 310uW

.
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SEAl

b2 [Al + glass(t:250nm)]
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OAEIOI VIAFEY FE & SIS

VIS - &3SDI

(:>

..”F_T!llill

SAMSUNG SDI

& A: 3um
SN : 25um
M& : SUS
Aspect Ratio: 8
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SFotJtE [A1050 (t:20~25um)] Objective : 100X

=191

® et \INST!TUTE OF MACHINERY & MATERIALS
2 .

D: 4;m

SAMSUNG SDI

.
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aratJtE [A1050 (t:20~25um)]

Objective :50X

D: 16/ D: 25;m D: 35:m D: 52m

SAMSUNG SDI
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PCD DIAMOND Form Tool J}3 B cecomegas

SHINHANDIAMOND

B =AN J|E Wire Cutting A 2 Wire SHM (| 0|8t Damage )| &4
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PCB 7}& 3 AR &R} 7HE (1) PCnmsuno Rty

d (D7 IF emesecond FT repori 8500 B0 305 0.0 - Adobe Arader EIE N 3 (oonemirsmsesecond FT report_ 2005 78_2 250,580 - Adobs Faader
DEE BEE WG BADY EMD ME SEb g BDE way BAD EWD 05 AW
,:’u__ S lin seBmE o - "!"‘r' F TERTECRE W R N R R |

Samsung Electro Mechanlcs 3_1 a;ﬁ nig(Micr&via] Samsung Electro Mechanics

KISl 5 De

KOREA INS BN M & MATERIALS & @

Picronda (0. 34mmA)

[ e
JI®Lab. E\“E 21 - L‘ ®

2007.04.03 = — ) .:. . ‘
3 &

E=rall

» B A Microasm O, = | i DOWLEE MW DN - Em

Hole control: 2 — 30 um

Hole depth control
% ﬂ 2= AI |=|

Debris 'é!g —
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PCB 713 2 A A} &R 71 (2) PSnmisungdRNtL

g [070402] Femtosecond FT report_$t2 M2 _Z21M0D. pdf - Adobe Reader
DHEE) BIEY BN 2HD =3I HW =S8H)

H@v g uifn | @& & Mz = | = ey

4'3- NVM Images (Pattern) Samsung Electro Mechanlics

NanoSystem
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DISTHIM HiZ JlE (S=2EE0cidA QARE

‘oA AuEr -
-200 ~1000 ppm.Exdoped in Au

KIMM SI=RD |1HIS1Se——

~— KOREA INSHTURE OF MACHINERY & %f\ﬁ_ﬂ @& QIEQ

SQUID 12|

E= AT-AM—A®

KIMM 2127 312181 KRISS sizgzjcioiag 2=91
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Collimator

Collimator
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A OtE [Au + Er (t:25 im)] Objective :50X
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IS H2AL DS (BI=2EE0SIRf QARE]

eI =SS (0L X](Q), MEH Au foil absorber 24/144131 mn 47 geometry
. UHB(2A = HET) sl O

. OLIX| == Mako| £AI g2 ﬁmu&

« I 0ix| B EA

- usenegiNe Ny SERD || SRS

KOREA INSTITUTE OF MACHINERY & MATERIALS ™
T L

w.femto-kimm.kr
(100% &3 28

g1 1% FWHM
iz S oS

= HA 30
= = = 20
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0 i PR TN il i

KIMMEISRI IHSTR KRISS stzE=jcioiag 2=01 5637% keV
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Surface Material Processing

NGMM. B RS TS
usiog QM

www.femto-kimm.kr
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NSOM lithography

Femtosecond laser

UV laser

LBIDF MACHINERY &MATERIALSH "™ T

Photodiode

Microscope Objective

Resist: Organic molecules (DDT,ODT,HDT...)

Tip: Nano-pippet -
Aperture-sample ~ 10 nm
Femtosecond laser: 800 nm

0
10
x
J&
x

i,
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Thin Gold Film Patterning

0DT1_7.HODF

800 nm 400 nm

Using Lens Focusing Using Nanoprobe

.
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mEX Hmﬁ%ﬂ\ﬂﬁéﬂnﬁjﬂi e
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Femtosecond laser nano bio application
— living cell manipulation

o1 ALY -§-:

HEX YHA SN X
Heiogecond puldes (DODS) - et Ju}ir Tmiisligig, HI, BAS HAE DS
453 maie)

, BEAL, &FEH S0, =3, 3|3, LES

l Ii |(|MM St | A ) Si-wgrar

EKOREAINSTITUTE OF MACHINERY & MATE
4 bi#@=F, vy

Q HI I ME
ZFEH ME H|&A

O Z100nm 7HX| &=
(self-focusing)

Q 3XfH =M HE

Q MEL2I|HH=Y
H AA|IZHES

Live cell

)

o
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BE=90|x] 7|8t Bt WA MZE Lt ==/&E|=

Concept Halogen lamp OPA system

Cell incubator 38 5°C

KIMM &33 [AHIS

w@bjé’ﬁﬁaﬁ INSTITUTE OF MACHINERY & MATERIA

A 240nm ~2600nm
(Res: 1Tnm)

.. 790nm
s 1
B

andpass
filter

UVv-vVis-IR
QTHLAMP

OPA system |
i
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HE= gojxet SHME d=%

fs laser Energy vs. Photo-disruption of live cell

Befo re After

_#"-_-k...‘.-:.: ?I"'._. B e *

'l -KIM %71335?" 1

A 7“—""' FIEﬁ?INhTUTEDFﬁ&CHINEﬂY&MATEFIIA s " i--‘.
.f- TUEAN % M

NIR Femtosecond laser irradiation (@790nm)
HMEC (Human Mammary Epithelial Cell)



@ MvitroME S8 HZE X MZE, MIEAWD M E5 AH)|= =T (fs)|S)

Cancer cell (MDA-MB-231)
Histone H2B GFP transfection

HEZ H0|M ME 84 53 Workstation JHZ B P TS RIS adlatmn AftEI fs i irr ﬂdlﬂtl[ll]

HA 031
Jbjectyve

N imaaing

el

fs laser : cs ﬁ .
E B
wlectrons
Single photon process Multi-photon process

KIMM Korea Institute of Machinery & Material
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Al MZE L 0| E2E2|0F 3Aj7 A+

MIZES: human glioma US7MG DNA ¥: pEYFP-Mito plasmid

KIMM SI=J I8

——g—  KOREAINSTITUTE OF MACHINERY & MATERIALS




MA MZLY O EZ2=2|0} M7 (Before fs irradiation)

M2ES: human glioma US7MG

KIMM SI=J I8

——g—  KOREAINSTITUTE OF MACHINERY & MATERIALS




MA MZLY] O EZ2=2|0} Al7{ (After fs irradiation)

M2ES: human glioma US7MG

KIMM SI=J I8

——g—  KOREAINSTITUTE OF MACHINERY & MATERIALS




A MEL D] E2Z=2]|0F A7 A+

MZES: human glioma US7MG

Before fs irradiation After fs irradiation




T(Uvgdy) BY o4

Ald I‘lg k"i
AU Types of Human Breast Cells

YHMZE M

OREAINSTTRRAMARHAF e Eithelial cells,
2 Wiy A

Normal cells

O O -

Weakly invasive w w.femto-mﬁT]ch—4?D, BT-483

Intermediately invasive MDA-MB-453, MDA-MB—-468, SK—BR—-3

Highly invasive MDA-MB 231, MDA-MB 4355, Hs5/78T

Breast Cancer Research and Treatment 83:249-289 (2004)

-
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MAHME MEES(UVES) S4 217

QMHE IR UWWEFSH 0|2 SSMHEL® dMESE 100% 21T Jis [fs J|E]

=0l %5

S0-uwd 82

100
—+— MDA-MB-231 < Cancer
—s— MCF7
& 80 . ¥ MCF 10A - \ormal cell
c
LM SH=0 SRS
8 50 7 KOREAINSTITUTE OF MAHINERY & MATERMALS Cancer
< 4 BT-483
.E } e & lsn.an.a o
s 40 % |_ =
e
? -kimm.kr
ﬁ 20
< : e 5
180 200 220 240 260 280 300 320 340 360 380

Wavelength(nm)

MES 0|28 HIEO| MAME, QME HITHEK L W [10-2007-0006232]

Sung-Hak Cho. Won-Seok Chang, Kwang Ryul Kim, and Jong Wook Hong " Measurement of UV absorption of single
living cell for cell manipulation using NIR. femtosecond laser" Applied Surface Science 255, 4974-4978 (2009)
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SZH YoM A E 22100 o2t ol0I1Ecl= M=
LH20IAC] CHSt J|Sd 3XHAE JHE IS 8D |E i

of - & 7= AMI|= I

KIMM =I=7 BilEIS

KOREA INSTITUTE GRS

Color image
modification

... A FEH A =R

-
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F8wcl U5 MY 18 7= A+ (1)

Some examples of color changes
M (yellow color) T+&1 i & : Ej &

Laser power Cniam JIHIS e T
| | | | S =

ﬁ INSTITUTE OF MACHINERY & MATERIALS | 2

140 mw - Length: 8mm ™ _ =
110 mw 100 /m 2+ i o6y ds m : \$
90 mw 302 L_ ;

55 mW — —

Fig. Image photograph of
laser induced glass

Glass material: Ag-doped 455102-24Na20-24Ca0-4P205
Co-work : R&iCstnl KR 37| i (=232t}

i,
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F3wcl LIS My 78 7= A+ (2)

Clofst Mal s Il Sd &35

- {
MV SI=J 1S P

" KOREA INSTITUTE OF MACHINERY & \MIATERIALS

Soda-lime glass L
www.femto-kimm.kr g~
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Femtosecond laser in KIMM (1kHz)

CEEE 01K IO HIBAAY NS B2 pE

(ZBHe A3 & XY AE|01 A 0] ) [ Specifications]

. ZSlide I
s Laser source Ti:Sapphire
J cco

Wavelength A =790 nm

2D DIy
tior 100 fs

T

- HNFF’(& MATERIALS

eam Diameter & mm
; o egm, Quality(M?) <1.8
O Beam Mode TEM,,;, Gaussian

XY Stage &
Objective len

Femtosecond laser (KIMM)

-
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BE= 2|0|x Hlojm 4] MIE

(1) (2) (3) (4)
Plasma + Shockwavesegoton - - Plasma
+ ablation KIMM[ =f¥5 IHE%EJ self—channeling

KOREAINSTITUTE OF MACHINERY & MATERIALS

ES8H+4
femto-kimmkr—

e e

X X O O

(CHEHZ:8 21X|0]2))

. “ﬂ Korea Institute of Machinerv & Material I-II 7.' i : 9 7% .
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Plasma Shockwave

fs laser condition
Femtosecond laser 1 15mW

Objective lens
- Z0x(NA 0.42)

BI=27 S

** [kor=AINSTITUTE OF MACHINERY & MATERIAERCAN speed
-. - 0.5mm/s

Shockwave

Wafer

.

KIMM Korea Institute of Machinery & Material
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Plasma Shockwave

Before laser nrradiation After laser nrradiation

141 particles 5 particles (D:150 pm)
S—-H CHO ZUS35]| =9 (2008) %k 97% Removed

i,
KIMM Korea Institute of Machinery & Material
""v"'



Plasma self—-channeling

~| I S ==~ 3 = |
= | | N .

pE— — ' -
i | el ==

2 | — — i |

. | —_— il 1 =

200 (mm)
RS e Bt S e L I Pl

-
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Plasma self—channeling

Scl=0l E22HIE in Air

Alr

200 (mm)

peak intensity in plasma

0 500 (um) > 1015 W/em?
1 e T A |

i,
KIMM Korea Institute of Machinery & Material
~———



Removal of nano particle on silicon wafer using self-channeled
plasma filament excited by a femtosecond laser

1 fs laser

\"‘-
KIMMEI=J |

self-channeled
plasma filament

100

Computer OREA INSTITUTE OF MACHI

EZHAPA

|

CCD
w.femto-kimm
D
FL x
[ y
X
(a) (b)
NP: nano particles, S: silicon wafer, FMS: fluorescent microscope, PF: plasma filament, D: gap distance,

r of Sx1014 ﬁ{cm (h)

i,
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Plasma self-channeling

Power : 1.15W —————
Lens : focal length 30cm %k 96% Removed
Scan speed: 0.omm/s, Scan time : 1 by 1 time scan (203)

Gap distance: 150um

Area size: 20 }(m Jaj:lmﬂﬂa x.“j.l EO|

KOREA INSTITUTE OF MACHINERY & MATERIALS
Before laser ir irradiation_ After laser irradiation

——

Gk 2.0rm B195% 01-14-2008 L Ekx 2.8rm B210 R1-16-2008

.

i\u Korea Institute of Machinery & Material S—H CHO APL (2008)



Laser cleaning using plasma self-filament

START Move AUTO HOME SAVE XY Print Displa

Fri, Aug 22, 2008 14:18:16
ID# k01
El

Femin]
LPD Cnt:  30000; [
00872- 00941 o (74
0.0941 - 0101

n
2]
|_ 0,101 - 0.109
4

4 0.109- 0118

0.118- 0127

6 0.127- 0.137

i 0.137 0.148
a3 0.148- 0.160 13
Mean( T 0093 StdDew  0.008
] a Cnt: 146: 47.9mm?
Cnt: 29; 713.2mm
| it All Defects: 30146

e Region:

pm Thruput  Medi um
11025
Paused

Data Overload, Increase Threshold
or Reduce Gain

' New laser dry cleaning method (8 inch wafer, One scan cleaning)

70 nm PSL

Now studying

-
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XA MAKAX I |1=1HAl (2009-2015)

aou A FHETR 1z

HWEZYATA

m & WA K e

KIMM + KAIST + O + [FILTS + [ RHIE

.
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naENE

AU & S8 =3
Ot0122IE I3 Al A i &

e Laser precision machining Laser ultraprecise hubrid machining §

Sxch HOIX/ZRTEE S0[22IE IR )
[Viion] - Z=0MI7138 @<500nm

ISR 2o o

mim =2o
= E INSTITJTE ACHIN &f‘ ATERI»‘J«LS
e 5E DEMACKIRL, S EL B

I 714 1 (28002 Dund « JI2HO| J1EAT
k'.l".‘." HIN Ifs, ps. nsl
SEE+E . THIRHIAR 2712

k52 a=eia

M20

o HIFX I3
aﬂ-: e em/mial.

0 Burr &4
4

el UItrasonic assisted machining g

'l l J 0 AEEII3H
ox

33
O=2hurrHlHESE

l o ue JI2gs
e N |

KIMM Korea Institute of Machinery & Material
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B Ol0IECE UL)IE 8 8)|a

- fEXE AHIE (Drug Delivery Stent)

Drug=cl

Akl ; - L
y " ol h
' LA 1 2
" ~9 ._;
i 2 . Johnson &
Johnson{Cordis)

ROREAINSTITUTE OF MACHINERY & MATERIALS B Boston Scientific
MMeditronic

ETC

s oo e I AIZE AR AADI S A 4K M
SIS HEUS SHS g stent 29 95% 2100 =

= (EcIt DIALE]) AIZ 79 M 3658, 32U 1 X2 (20164)
JIPNE AEURE TLAY S2AM DAL Hotissue 2170 AT S2 AN ABoIENS

T LA &Zolsst DM Y(00|3E, L) T137|E5 S,

KIMM Korea Institute ot Machmery & Naterial
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HEE H0|X 20|M THE BE 7| &#E 7|& (327 ANTH) |

THHET | BAE HO7IS
SHG, THG
200-1000nm

Pulse chirping Tech.

RY & MATERIALS
AlZ2 coupling A 20 sol=zl= =
7= NEA g &lA[ZE Z2L[E "™ FR
Pump-probe Tech. A Auto-focus Z3|

S.I'Ir‘iﬁsllr JIII’Ell
H= JrAl =
M HE

EE2 ol X
upe] SAZH

E Py
“aom . D U _ Ho7|=
: In situ beam
nﬂﬂg:xﬁﬂm : S control
= =

-
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BUVREZ YO0XN =t 29 (20108 2&8%H)

G OIXH|M: UV =l & == | 0] H (UV Femtosecond Laser System)
= E"m Solstice (f.ﬂ&.‘ 2l & 40 Al AEL
Al IAI Spectra—Physics (USA)
== Al - Laser Spectronix (KOREA)

= OF
g S TEANESE == 51 ot . a00mmuw

Sulstice KOREA INSTITHTRED#y A8 ER Y B (fiemtissecond, 10715)
- e _ll A 0'" L-l II DU iy puise (@SkI_IZ)

ng s auqum 35W
2= 1kHz, bkHz, 10kHz
emto- rrtm;kaMm

" H] E]?t] 10_.0mm
TRIIEBEH
SHG/THG included - AgroxA sl u|AA I
- 712 22%:1-50um, (F|t): >500nm)
MAFDLZFT D=2V HIE T YIoINH - 7505 - # i 50nm

_ - Al 5 o] 4 (@10
WEFOIZES, DARU SUAIIZIS | o Bt 3191« g0 ms &)
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B 38 Jis 80

JIEHT:20164
PE{E&I:EFJ—;?;E AE 2 HAAIE
| = Ty

50xH : ' “
. ¢ ":'7.:-' o _-__ih"l."-"lr 0 patterning g
Al nEl 4)“ (R

KOHEFI WIXLI'IIEJF MﬂnGHINERY & HATEEIRLS

unaxgém

wg s PR s
Y - [uﬂxﬂl
[HE LCD repairgﬂ% 9
[E3SW  aguzrae

36X

. P e gunsﬂnmnxﬂf
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Conclusion

.

A -+ U AS AL
EXZYOIXE?
01X 18 83

AN R R

,g, T biep@nres SOREANSTYIEQUMTHMER S MTERA S TMM

oS
02 pE JU e
Bt 0
Elﬁﬂ

HM WM b

» Internal Materlaﬂi’g S}H@ :r|_)-.I

» Surface Material Process

> HEX 30| %’E“&ﬁnﬂﬂ.@ﬂﬂjls y S
> SEQY IS WA 8 J|S o

L mEx 0N S8 HEA A4 NE B

S BT EST

S BEXHOINOMIIZZE XA AL
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B Announcement (II)

http://Ipm2010.org

About LPM

Aim and Scope
LPM Topics
Committeas

Call for papers
Programme
Registration
Lasys 2010

Travel and
accommodation

Overview exhibition halls

Sign=up for amail
updates

Partners and links

v 11th International Symposium on
— Laser Precision Microfabrication

June 7 to 10, 2010

Sy

i

| Contact | Sitemap | Search'4

Maesse Stuttgart
Key to markets

B Welcome to join us at ww.fe mto_ki m m i kr}) Contact

Miniaturization and high precision are rapidly becoming a requirement in many
industrial processes and products. As a result, there is greater interest in the
use of laser micra fabrication approaches to achieve these goals. The
International Symposium on Laser Precision Microfabrication (LPM) 15 annually
held to provide a forum for research and technelogy development in the area
of laser micre/ nano fabrication. The unigue aspect of this symposium is the
interchange between fundamental research and industrial applications.

LPM iz held alternativaly in Japan and in other host countries. To dats, LPM
has been successfully hosted in Omiya, Singapore, Osaka, Munich, Nara,
Willamsburg, Kyoto, Vienna, Quebec and Kobe.

In 2010 it will be held in the International Congress Center (ICS) on the
Stuttgart trade fairgrounds, concurrently with the international trade fair for
system solutions in laser matenal processing, Lasys, and the Stuttgart Laser
Technology Forum (SLT).

Stuttgart, well known as car capital is also the center of one of the most
advanced regions in the field of manufacturing with lasers. Suppliers like
Trismnf and ninnessna care lilke Naimlear and Brech are lacatad hers and

Programme Chair
Prof. Dr. Friedrich Dausinger
Co-Chair LPM 2010
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JLPS
Japan Laser Processing Society
LPM 2010 Office

&4 E-Mail

Landesmesse Stuttgart GmbH
Messepiazza 1

70629 Stuttgart

Phone +49 711 18560-0
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B LPM2010 PROGRAM COMMITTEE
Chairperson:
Friedrich Dausinger+Giesen GmbH, Germany
Dausinger
- IMM “KOREATNSTITU E OF MACHINERY & MATERIALS
Sur:lﬂy e of Machinery & Mater South Kerea
Jan ). Dubowski  Université de Shech
Henry Helvajian The Aercspace E@E DS % ; AI
Peter R. Herman Universily of Toronto, Canada
minghui Hong  pata st ANPAWAN FEMtO-kimm. kr
Juergen Laser Laboratory Goettingen, Germany
Thiemann
Yoshiro Ito Nagsoka University of Technology, Japan
Takahisa Jitsuno Osaka University, Japan
Thomas Lippert  Pawl Scherrer Institut, Switzerland
¥Yong-Feng Lu University of Nebraska, USA
Holger ; LZH, Germany
Lubatschowski
Tetsuya Tsukuba University, Japan
Makimura
Shoji Marug Yokohama National University,Japan
MNachisa Fufitsu Ltd., Japan
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KIMM,S Global Network Femtosecond Laser Material Processing
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Thank you !!

shcho@kimm.re.kr
http://nanoprocess.kimm.re.kr/femto/
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