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Nanostructured Metals

highly active surface area ©—)> sensors, actuators, catalysis, packaging...

=As SERS Template Enzyme-Based Biosensors =Packaging Applications

25C, 50MPa

- ' —— Adsorption of lacease on nanoporous Au Low ding
200 - g : J. Phys. Chem. C 112, 14781, 2008 2012 IEEE Sensors, 355' 2012

Intensity (cnt)

“Energy systems

i SiO:/Al Sealing layer

NG

. W (d)
oLy e et (L Vo ry
400 600 800 1000 1200 1400 1600 1800 2000
Raman Shift fem ')

SERS spectra of benzenethiol molecules Si substrate

J. Microelec Sys. 12, 998, 2013

SERS: surface-enhancement

Raman scattering Nanoporous Au for supercapacitors
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Bonding by using Nanostructured Metals
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Structure of Nanoporous Gold

Top view Cross section
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Concept of using Porous Au for Bonding

*High surface to volume ratio

°Low temperature bonding (thermalcompression)
°Electrical inter-connection achieved during bonding
*Sponge-like compressibility, tolerate implanarities

1. Sputtering 2. PR patterning 3. Electroplating
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4. PR removal and 5. Bonding
Dealloying _ _
porous Au

NPG-NPG NPG-Au film

\

~ Fraunhofer

ENAS

© Fraunhofer ENAS




Substrate bonding by using plasma-activated NPG

Mbonded at room temperature with plasma-activated NPG

150°C, 50MPa
LIl

BNPG thickness:

400-800nm, flexible
thickness control for
bonding

M Au thin film:
200nm
HBonding condition:

in ambient air
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Cooperation - special strengths
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* Provide key components to 4=) - Smart system integration and
systems reliability
*Pioneer leading-edge research 4m) °In preparation for industrially mass
production and back end of line
* Open research environment with e Latest commercialized equipments
plenty of home made equipments including class 10 cleanroom
*Process by researchers: * Process by technician:
flexible & novel professional & stable
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Summary and Outlook

M Characteristics of Nanoporous Gold

MEMS-compatible fabrication process
High surface area:
decrease bonding temperature - down to 200°C or even at room temperature
potential candidate for heterogeneous bonding
Sponge-like compressibility:
bonding without critical requirements of surface cleanliness and roughness
Flexible control of thickness:

bonding achieved regardless of thickness of NPG

B More Possibilities of Nanoporous Metals

Advanced materials for packaging
As catalysts for electrochemical applications
Biosensors, chemical and physical sensors

Energy storage/conversion systems
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Thank you for your attention
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