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Outline
- Introduction to laser micro-processing
-Fabrication of optical devices

with filaments

- Ultra-fast laser micro-welding of glass

with filaments
- Ultra-fast laser micro-welding of

heterogeneous materials




Process of structural changes

Incidence of ultrashort pulses

- imagined -

Multiphoton absorption Tunnel ionization

Plasma formation (avalanche ionization)
Light absorption by plasma

Temperature rise, Shock waves, Filament
formation

A4

Micro-explosion, Melting & resolidification, Coordinate number change, Densification

Ablation j§ Void formation l Welding | Index change(Birefringent & Isotropic)




Process of structural changes

Incidence of ultrashort pulses

- imagined -

Multiphoton absorption Tunnel ionization

Plasma formation (avalanche ionization)
Light absorption by plasma

Temperature rise, Shock waves, Filament
formation




Filamentation

- balancing between self-focusing and defocusing by plasma -

Scattering or luminescence from filament

Micrograph of the resultant index change

Magnified
micrograph




- Fabrication of optical devices

with filaments




Fabrication of Waveguide

2 mm
+ - Silica Glass

Energy : 0.73 ud / pulse
Objective : NA = 0.1

Femtosecond
Laser Pulses

Translation of
Obj ective g amp]e

Waveguide Intensit

Core diameter : 2 Mml 6

<«—— Totallength 2mm ____
An,=0.4x10* An,, =0.6x10-"

Far-field Pattern
(Wavelength: 633 nm)




2-D Directional
Coupler

S8R (arb.units)

L=0.5mm

Near field pattern at end face of glass block




3-D M
Coupler

, A 4 um
Waveguide 11| y

. < ‘Waveguide 1
0.5mm » _ 'c”xu%.

B | mm
2 mm

Input light - Input light : White light

Waveguide 111

> ~
Waveguide | Waveguide 11

W.Watanabe, et al, Opt. Lett. Vol. 28, No. 24, 491-2493 (2003).




Fabrication o f N P,

\“). ND filter .
> S it
- d i % Imaging lens
Wavelength: 800 nm < T i

° F
Pulse duration: 130 fs \I/\\g
itation: .

Repitation: 1 kHz Beam expander Mirror for 800 nm

Aperture i i
X H  H
L J Focusing lens

K. Yamada et al, Jpn. J. Appl. Phys., = — oo Cm1
Vol. 42, Part 1, No. 11, 6916(2003).

- |op view
Condition °

Location: 500 pm under surface | l”'l ‘ ’ | 1
Focusing lens: NA0.10 UM
Energy: 1.0 pJ/pulse Ui t ‘
Trans. speed: 1.0 pm/s WAL
Period: 5 um B

. Size: 300 pHm X300p.m — 100 pm 25 pm
Aﬂgl € OfHe'Ne beam to gratlng X @ From z-axis Expanded view
are adjusted to achieve y

. . . . z
maximum diffraction efficiency

Side view

- /"" ﬁ? From x-axis Q From y-axis
He-Ne beam

N

Grating Diffraction efficiencies

TE 74.8%

Conditions ™ 50.2%

Focusing lens: NA0.10 i
Energy: 1.0 pJ/pulse _ - _
Trans. speed: 1.0 um/s intensity (arb. units)
Period: 3 pm

Size: 300 pm x 300 pm

Diffraction pattern




Multi-Level Phase Zone Plate Lens

Beam
Energy
Wavelength
Focal Length
Thickness
Layers

JRE S

0.8 |.LJ':"pu13e | 400 um |
5 um/s

632.8 nm ——

3 mm Diffraction. eff. 28.1 %

30 um Focal Spot Size 7.3 wm
4 layers




Image formed
by zone-plate lens
in stlica glass

ulti-level
zone-plat,

1 8

Silica glass /

K. Yamada et al, Opt. Lett., Vol. 29, No. 16, 1846-1848 (2004) .




Fabrication of pammann grating
Dammann grating




Drilling micro holes

Translation <::I

Incident Power : 1 mW (1ul/pulse)

Translation Step:  Iwm
Exposure Time : 3 x s /point (48 pulses)

 Small diameter
* High aspect ratio ( >50)
 Well-defined wall

Circular &
Helical holes

* i
<




- Ultra-fast laser micro-welding

of glass with filaments

Takayuki Tamaki, Wataru Watanabe, Junji Nishii, and Kazuyoshi Itoh, Jpn. J. Appl. Phys.,
Vol. 44, No. 22, L687-L689 (2005).

Takayuki Tamaki, Wataru Watanabe, and Kazuyoshi Itoh, Optics Express, Vol. 14, Issue 22,
10460-10468 (2006).

W. Watanabe, S. Onda, T. Tamaki, and K. Itoh, Appl. Phys. B, Vol. 87, pp. 85-89 (2007).




Scanning the filament

Low repetition source
Fast scannin : o

& High repetition source
~ Gap

~ Accumulation of heat

Low repetition
Slow scanning

~ No gap




Welding flat samples

Sample 1
Sample 2

Welding Area

Welding Area

(b) Jig for welding | um

Femtosecond Laser Pulses /

Exposure Area




Micrographs

Top view

100 um
(a)

Side view
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Joining strength (Same material)

Pulley Block

String
Weight

Sample 1 * y
Sample 2

V4

[/pulse]

- Borosilicate glass
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- Fused silica glass

14.9 MPa

0.1
Scanning Speed [mm/s]




Opftical transmittance

B Borosilicate glass

31 ~ 87 %

Theoretical limit; 92 %

Bl Fused silica glass

87~ 389 %

Theoretical limit;: 93 %
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Effects of Annealing

/'

Welded part

100 pm 100 pm
Micrograph Micrograph
before annealing after annealing

Annealing makes welded part invisible.
(Implication of disappearance of defects.)




Enhancement of joining strength &
optical transmittance

Joining strength  Borosilicate glass Fused silica glass

Before

annealing 15 MPa 15 Mpa
After

annealing 33 MPa 33 MPa

Opftical transmittance

Before

annealing 88 % 87 %
After

annealing 92 % 91 %:

Theoretical limit: 93 % Theoretical limit: 92 %




- Ultra-fast laser micro-welding

of different glass




Heterogeneous welding:

dissimilar kinds of glass

fas Geometry =

Borosilicate glass
39* [X0NEAE |

I-._I‘I Fused silica glass
|~
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Wataru Watanabe, Satoshi Onda, Takayuki Tamakai,
Kazuyoshi Itoh, and Junji Nishii,
Appl. Phys. Lett., Vol. 89, No. 2, 021106 (2006).
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Joining strength and transmittance

15.3 MPa 14.9 MPa 71.5 % 73.2 %

5.1 150 72.6 %73.0 %
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0.1 1 0.1 1
MPa Scanning Speed [mm/s] Scanning Speed [mm/s]

Joining strength Optical transmittance ;s




- Ultra-fast laser micro-welding

of glass and metal




Ultra-fast Laser Micro-welding of Glass and
Copper

Realizing tight contact
between Laser Pulses
glass and copper Slide Glass

)
Rubber Plate D_-:E Cu
-




(a) Side view (b) Top view (¢) Whole image

Optical microscope images

Laser source: Regenerative Ti:sapphire laser

(Spectra Physics, Spitfire) .
Central wavelength: 800 nm JOanng Stl’ength.
Pulse duration: 130 fs

Repetition rate: 1 kHz 23 MPa

Pulse energy: 4 ulJ/pulse
Scan speed: 1 mm/s




Application of Ultra-fast Laser Micro-welding
to Metal Package (Glass & Kovar)

(a) Birds-eye view (b) Top view




Coworkers:

Dr. Junji NISHIT

National Institute of Advanced Industrial Science and Technology

Dr. Yasuyuki OZEKI and Mr. Tomoyuki INOUE
Osaka University

Mr. Satoshi ONDA

Yokogawa Electric Corporation

Mr. Seiji SOWA
Konica Minolta Opto, Inc.




