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TOHOKU UNIVERSITY
Fundamental Policies

1. [ B X & — X ¥ | Research-intensive
University

2. PR B Have University’s doors
open to the World and Community

3. BB A BT RL] Development of

Leading Human Resources

y N
e “@ﬁ? & wiks $BEET OV T 4 THER Goertek

TOHOKU

TTTTTTTT



ALK HEH - MRERIIRIBIRE
R ERDMEMSHE

- BEDOEENSHT. EEDORMAE-BE-QE. V)—VIL—LA

DiFFEF. —BEERDLEHITS
. ﬁ%b\%@ﬁ%ﬂﬁ%éb“ZO%EiJ’.&f%ﬁ*ﬁﬂ%

- HAZEOBEZFLETERENS

CE0 o
SFERIARSE SEOE | HRNERE SR TR

A [n [} =Tt

£ HARS R

Nl]:-IEl Sangyo (Dec

Highest evaluation by industry

Page 6 i
TOHOKU

UNIVERSITY

. . 55 ;’?‘%
Yu-Ching Lin @@} & wlks 2EME7 YT « THRA Goertek



Equipment examples

-

Doubleside~

Spin coater One-side
+

Development Aligner photolithography machinej
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/-

hin film deposition / processing technology

-
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Direct bonding
Anodic bonding
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Environment examples

15 Fraunhofer ENAS building 14 Institute of Physics 6 ZfM/laboratory H
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file:///C:/verwaltung/controlling/langos/Folien/Geßner/ilmenau.html
file:///C:/verwaltung/controlling/langos/Folien/Geßner/birlinghoven.html
file:///C:/verwaltung/controlling/langos/Folien/Geßner/euskirchen.html
file:///C:/verwaltung/controlling/langos/Folien/Geßner/duisburg.html
file:///C:/verwaltung/controlling/langos/Folien/Geßner/schmallenberg.html
file:///C:/verwaltung/controlling/langos/Folien/Geßner/halle.html
file:///C:/verwaltung/controlling/langos/Folien/Geßner/dortmund.html
file:///C:/verwaltung/controlling/langos/Folien/Geßner/oberhausen.html
file:///C:/verwaltung/controlling/langos/Folien/Geßner/teltow.html
file:///C:/verwaltung/controlling/langos/Folien/Geßner/braunschweig.html
file:///C:/verwaltung/controlling/langos/Folien/Geßner/potsdam.html
file:///C:/verwaltung/controlling/langos/Folien/Geßner/berlin.html
file:///C:/verwaltung/controlling/langos/Folien/Geßner/rostock.html
file:///C:/verwaltung/controlling/langos/Folien/Geßner/itzehoe.html

Japan-Germany Cooperation@ WPI-AIMR e/

JST-DFGHMEXRMEIAD VDS MN RS M ES

Tohoku University (Japan) Fraunhofer ENAS (Germany)

Prototype Wafer level
*Provide key components to 4m) - Smart system integration and
systems reliability
*Pioneer leading-edge research ¢m) °In preparation for industrially mass

production and back end of line

*Open research environment with - - Latest commercialized equipments

plenty of home made equipments including class 10 cleanroom
*Process by researchers: - ° Process by technician:
flexible & novel professional & stable

@ Innovation Application DFG
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Inclusive agreement between City of Sendai
and Fraunhofer Institute extended
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Activities with Saxony Economic
Development Corporation

« Saxony Economic Development Corporation Reception for SEMICON JAPAN 2009
(2009.11.30)

« Saxony workshop “organic electronics — investment opportunities in Saxony” (2010.11.29)
« Seminar “Nanotechnology for Electronics and Energy Efficiency - Novel Developments
from Saxony” at seeds&needsB, Nano Tech Exhibition (2011.02.16)

« Seminar “Nanotechnology for Electronics and Energy Efficiency - Novel Developments
from Saxony” at seeds&needsB, Nano Tech Exhibition” (2012.02.16)
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Satellite and Partner Institutions (International Cooperation)

4University of Cambridge e

Satellite: BMG research
Alan Lindsay Greer (PI)
Shantanu Madge (PD)
Corporate PI: Alain R. Yavari
Grenoble Institute of Technology
Alain Reza Yavari (PI)
Konstantinos Georgarakis (PD)
Kateryna Chornokhvostenko (PhD)
Chemnitz Univ. of Technology
Thomas Gessner (PI)
Yuching Lin (Assist. Prof.)
University College London
Alexander Shluger (PI)
Peter Sushko (Assoc. Prof.)
Thomas Trevethan (Assist. Prof.)

\Keith Mckenna (Assist. Prof) | ¢ i ; : PI, member of NAE)

(Inst. of Chem. Chinese Academy of Sciel - ¥ ‘ ity of California, Los Angeles
Satellite: Soft Materials '
Li-Jun Wan (PI, member of CAS)
Rui Wen (PD)
Tsinghua University
Qi-Kun Xue (PI, member of CAS)
Hongwen Liu (Assist. Prof.)
The Hong Kong Univ. ,Sci. & Tech.
Wu Hongkai (PI)

Winfried Teizer (P1)

A

Yu-Ching Lin
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Four Research Groups

Bulk Mcuallic CGlassces
I.cader (A Inouc)

sl

BMC: deals with advancod
noncequilibriom mewalho materials,
such as. amorphous, glassy.
quasierystalline and nanocrystalline
alloys that exhibit unique and uscful
physical. chemical. mechanical .clecorical.
corrosion and other propeoerties.

Nanochemistry
- Leader (Y. Yamamorio)

8

Fabrication, characterization, and
funcuonalization of hicrarchichally
structured materials ranging from
molccular scalc o micromotoer size arc
key issuces of the nunochemiastry division.

sy |

= Nanophysics

= | cader (17, Sakura)
Elucidation and Cictionalization of’
clectronic states in designed interfaces
arc the key targoers in the rescarch of
division. One ol the emerging materials
is oxides that exhibit versarnile, griganuic,
und mutually-coupled responses 1o the

I

stimuli

Device/System
A 1eader (T Miyazaki)

M&EN EMS (Micro & Nano Elecwuro
Mechaniceal Systems) are research
subjccts of Thrust <.

New development on universal ideal
meoemory. n-ype silicon. meallic glasses
nanowirces, and cic., is procccding.

D888

T.Ohmi T.Gessner

M.Esashi
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Normal metal - Metallic glass -
_ Crystal structure Amorphous structure
Metallic glass
v High strength
v’ Electrical conductivity L
v’ Superior elastic limit 2500
v Good ductility
. . 20001~ Steel
v’ Anticorrosion -
&
v'Good wear-resistance S 1500 Tm;nium Glassy alloys
= alloys
v Titvi B 4
Formabilityin the 5 1000
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supercooled liquid state
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Wood Polymers
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Metallic glass micro scanner

\ Patterned w T Metallic
200 pm silicon “ glass 40 pm

.
WNISOdNAS

S#E

0

270° tilting angle was attained by
static operation.

140° optical scanning angle was
achieved by resonant actuation.
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Metallic glasses:

”Revolutionary”
advance in MEMS

Homepage source:
https://research.wpi-
aimr.tohoku.ac.jp/en/research/986

“Metallic glass as a mechanical

material for microscanners”, Y. -C. Lin, .
Y. -C. Tsai, T. Ono, P. Liu, M. Esashi, T.
Gessner and M. Chen, Advanced |
Functional Materials, pp. 1 —6 (2015)

Metallic glasses: '‘Revolutionary’ advance in MEMS

Jan 25, 201&
keywords: MEMS, metallic glass, actuators, microscanner, sensor, ZrAlCuli

Replacing silicon with a metallic glass enables a low-powered microelectromechanical
system with a high rotational performance to be realized

The fragility of silicon after it has been subjected to
microprocessing limits the use of silicon-based
microelectromechanical systems, or "MEMS', in devices
with large rotational movements. Now, by exploiting the
high robustness of metallic glazzes, AIMR rezearchers
have constructed a MEMS device that boasts an ultmhigh
rotational performance as well as a very low power
consumption, making it attractive for next-generation

sensors and actuatorsl.

Metallic glaszes are alloys that are charscterized by a
non-crystalline structure and a low elastic modulus. Yu-
Ching Lin first encountered them when she joined the
AIMR. at Tehoku University, and she was immediately
struck by their potential for MEMS. "Metallic glasses are
amerphous and are very strong on micre and
nanoscales,” she explains. "1 thought they would be very
pramising for MEMS, which need tough micre and
nanostructures to prevent breakage during actuation.”

Lin realized that, because they have lower elastic moduli
than silicon, metallic glazses could be uzed to realize a
higher degree of movement in MEMS. This iz exciting for
sensing and actuating applications, since larger
deflections mean higher performance.

To test this idea, Lin and her collabomtors constructed a

microscanner that centained a zirconium-based metallic
glass (see image). The scanner had a large rotation

angle of 146 degrees at a low power consumpticn in the The metallic-glass-baszed mi

microwatt rmnge. Lin notes that it would be exceedingly in action. Its metallic-glass

difficult to realize such a large deflection angle and low compenents enable a much higher

power consumption simultaneously in a silicon-baszed
MEMS.

rotation angle to be achieved than that

of a conventional silicon-based d

ce.
© 2016 WILEY-VC

Co. KGaa, Weinheim

To explore the potential of the scanner the team Verlag GmbH &
deployed it as part of an optical coherence tomeography
imaging system, which they used te obtain images of a
human finger The metallic-glass MEMS scanner cbtained images at a lateral resclution about ten
times better than silicon-based scanners reported in the literature, says Lin. "Many MEMS
researchers are developing microscanners for optical coherence tomography imaging based on
silicon, with very slow scanning speeds.”

Its high perfermance and enviably low power consumption make MEMS fabricated from metallic
glazses promising for emerging wearable technology, for which fast dmining batteries are 2 concern.
Looking further ahead, "if we can combine our device with a self-generation device, maybe in the
future we won't even need a battery,” says Lin.

Lin notes that both metallic glasses and MEMS are strong research fields at Tohoku University, and
that working at the AIMR haz enabled her and her collaborators to bridge the two fields and create

thiz novel metallic-glass MEMS device.
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Alloy electroplating In HNO; solution Nanoporous gold

Non-cyanide process of NPG

-
NONE SEI  150kV X33000 100nm~ WD 9.5mm NONE SEI  150kV X50,000 100nm WD 9.2mm

As-fabricated NPG SEM images of cross section view and top view
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Wafer level Packaging for MEMS devices

— Realization of electrical interconnection

Anodically Bondable LTCC (Low Temperature Co-fired Ceramics) Substrates wit Nano-structured
Electrical Interconnection

Throughviahole

tILTCC.;‘ v
h,>h;, : L i; ’

MEMS Mechanlcal LTCC Wlth e|eCtrlca| 15.0kV X7Q04 20um 0182+~ '.
components  sealing frame feedthrough for wafer level SEM images of the nanoporous
packaging NI IKI€KO pad on LTCC substrate.
SINCE1908

Pressure, voltage and heat

¥ ¥ @

'[I Lchl]'

Si
- W W

Sponge-like NPG structure destructed SEM the o SEM image of the porous
and compressed to height of h1. as-fabricated NPG. pad after bonding

Y. —C. Lin, W.-S. Wang, L. Y. Chen, M. W. Chen, T. Gessner, M. Esashi, Technical Digest of Transducers’11 (2011)
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http://www.nikko-company.co.jp/index.html
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Nanoporous gold for low temperature bonding

(1) Aw/Cr Sputtering (4) PR removal
Al and Dealloying
Cr S 3
i

nanoporous Au

3 e
(2) PR patterning

PR ‘ NON SEI 150KV X50.000 WD 10.6mm
I__ | SEM cross section of the bonded substrates

\ 4

00nm

(3) Electroplating

Au-Sn alloy
¥

'm m| 200° C, 50 MPa

COMPO 15.0kV X40,000 100nm WD 10.0mm

The fabrication of nanoporous gold and the
bonding process

14 °;3‘3\
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SEM image of bonded Si- LiNbO, substrates
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Thank you for your attention!

Yu-Ching Lin
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