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Wafer level
packaging Monolithic capacitive pressure sensor

For low pressure measurement
| 0OmmHz0~~300mmHz0

Frequency and analog output

Toyoda Machine Works, LTD.

Integrated capacitive pressure sensor (Toyoda Machine Works)

(Y.Matsumoto, S.Shoji, M.Esashi, 22nd Conf. on Solid State Devices and Materials (1990) 701)



MEMS have moving parts - Direct
Silisar wator molding with plastics can not be

done.

Wafer level packaging

— small size (chip size encapsulation,
suitable for surface mounting)
- high yield (protection of MEMS

structures during dicing)

- high reliability (hermetic sealing)

— low cost (minimal investment for
assembly, no use of expensive

ceramic packages etc.)

(M.Esashi, J of Micromechanics and Microengineering,18 (2008) p.073001)
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ADVANTEST

Immune to electrostatic discharge up to 1000V
Wide frequency range (DC~10GHz)

MEMS switch for LSI tester

MEMS switch factory |
) (A.Nakamura (Advantest), M.Esashi et.al.,
(Advantest components (Sendai)) Advantest Technical Report, 22 (2004), 9-16) S
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MEMS packaging (Nikko)
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Anaodic bonding

Si

Nano-porous gold bump by

etching out of Sn from Au-Sn
(Collaboration with FnG ENAS)

(M. Mohri, M. Esashi and S. Tanaka : “MEMS wafer-level packaging technology
using LTCC wafer”, IEEJ Trans SM, 132-E, No.8, pp.246-253 (2012) (in Japanese))
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Adhesive bonding

MEMS on carrier wafer Piezoelectric
(Piezoelectric thin film etc) MEMS switch etc ﬂ
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Heterogeneous integration by adhesive bonding
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4. Massive Parallel EB Exposure System(Digital fabrication of LSI)
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Multiband system for cognitive wireless communication to use
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1. Preparation of CMOS IC
Al pad

An'Cr
allh
CMOS IC

2. BCB adhesive bonding by flipping the
501 water on CMOS wafer and removal of
handle 5i & BOX layer

BCE BOX S
/ Hande bayer of SOI / ./

CMOS IC

3. FBAR fabrication and its inferconnection
with CMOS IC

4. Sacnificial etching of 5i underneath the
active FBAF. area

BCB aufr Eu M MNawep g
fﬁlm CMOS-FBAR voltage controlled oscillator

CMOSIC

. : 11
(A.Kochhar, et.al. 2012 IEEE Ultrasonics Symposium, 5E-3)
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(Matsuo, Moriyama, Esashi, Tanaka, IEEE MEMS 2012, 1153-1156) 12




1. Fabrication of silicone bumps 3. Selective laser debonding SAW Filter

S : Laser L L -
Bonding interlayer Device (e.g. MEMS)

. | f L JL___ |
[ 7 Glass carmrier wafer /| CMOS LSI

-I"I / L —

] @ @&——— Bump ] |
%arget waferfle g LSI) |

Bonding to another target wafer (LSI)
4, Device transfer

2. Wafer alignment and bonding [ |
| |

Selective transfer process by laser debonding
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120 dB

\, Pt

397.15 MHz 584.18 MHz
Multi SAW filters on LSI by selective transfer

«(S. Tanak, M. Yoshida, H. Hirano and M. Esashi : “Lithium niobate SAW device hetero—transferred onto silicon
integrated circuit using elastic and sticky bumps”, 2012 IEEE International Ultrasonics Sympsium, p.1047 (2012)).




BST varactor
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Tunable SAW filter using ferroelectric varactor

(H.Hirano, T.Kimura, |.P.Koutsaroff, M.Kodato, K.Hashimoto, M.Esashi and S.Tanaka, J. of
Micromech. Microeng., 23 (2013) 025005)
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Sendai (2013/11/6)) 16
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Typical cyclic voltammogram of 0.5 M H,50,,
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2D mmaging of dopamine diffusion dissolved n the PBS near
the center posifion of the BDD electrode array. Color maps
correspond to the redox current intensities ot 400 eléctrodes at
1.2V
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1. Nucleation and plasma CVD of BDD at 800°C
Boron-doped Diamond{(BDD)
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2. Mount LSI onto ceramic substrate

Fabrication process
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Concept of massive parallel electron beam exposure system using nc-Si emitter



IMS MAPPER KLA-Tencor
Nanofabncation Lithography
Name PML2 MAPPER REBL
Spec. u
B= =—

—
Massive parallel
S50kV ok S50kV
Point beam/Gray scale
~10M beams 13k beams Reflective (REBL)
>1M pixels
TPT Swph 10wph 40wph (Via)
(50wph by 10 tools) (100wph by 10 tools) 2wph (Metal)
Verify 2012 2011 2013
Others EU FP7 MAGIC project DRAPA/KLA-Tencor

Parallel EB exposure systems under development

(SEAJ2012 Road map p.25 http://www.seaj.or.jp/rdmp/2012roadmap/2012litho.pdf)
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(H.Nishino, S.Yoshida, A.Kojima, N.lkegami, N.Koshida, S.Tanaka and M.Esashi, Technical Digest

IEEE MEMS 2014 (2014) 467-470) 22
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(M.Muraki, S.Gotoh (Canon), J.Vac.Sci.Tech., B18 (6) (2000) 3061)
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Poly-Si
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.a- : :
Experimental setup for 1/100
and 1/1 exposure test.

Exposed patter on a resist using 1:1 projection system with
15 X 15 planer type nc-Si 27electron source (Electron
source pattern is superimposed in the right photograph)

27
(A.Kojima, N.lkegami, et.al.,Proc. SPIE Alternative Lithography Technologies V, 8680 (2013) 868001)
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Shared CMOS LSI wafer

Ricoh,
Toyota motor,
Pioneer,

1Nippon signal,

Toppan TDC,
Kitagawa iron works,
Sumitomo precision, NIDEC

. COPAL elec. Nikko,

Toyota central R&D lab,

Nippon dempa kogyo, Japan
. aviation elect. Ind., MEMS

core,
MEMSAS,

Furukawa Electric,

Denso

Laboratories in Tohoku Univ.
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Companies which can not
prepare their own facility
dispatch their employees to
operate equipments by
themselves for development
and small volume production.

Shared facility for industry to prototype MEMS devices (4 / 6 inch)

Hands-on-access fab. (Nishizawa memorial research center in Tohoku Univ.)
Contact person : Assoc. Prof. Kentaro Totsu totsu@mems.mech.tohoku.ac.jp 30
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2010 2011 2012

Users of the Hands-on-access fab.

2013

2014
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NTT-AT M.T.C Keio Univ.
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JVC Kenwood NICT

USers (~150 companies)
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Shared facility for industry to prototype MEMS devices (4 / 6 inch) Hands-on-access fab.
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(Contract development)

(Initial stage

F'—“" prototyping)
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Integration

Nishizawa center, (Tohoku Univ.) Center (USIC), AIST (Tsukuba)
(Hands-on access fab.) Tohoku Univ. (8 inch production stage prototyplng)
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FhG Germany — Sendai city partnership
signing ceremony in Munich (July15 2005)

15t Fraunhofer Symposium in Sendai
“Doing Worldwide Business via MEMS

technology” (Oct.19, 2005)

FhG Project center in WPI-AIMR,
Tohoku Univ. (April 1, 2012)

Collaboration with

FhG Germany — WPI-AIMR Tohoku_Univ. FhG (Frau nhofer
partnership signing ceremony in Sendai |nstitute) IN Germ any 35
(Nov. 8, 2011)




IMEC-Tohoku Seminar in Belgium (2012/6/21)

(2014/11/12)
“your lab and imec are very complimentary”
Rudy Lauwereins, Vice-President of IMEC

Strategic Partner
Tohoku U - Stanford U - EPFL

Tohoku U

Signing ceremony \

(2012/6/11) (IMEC M.Yoneyama
Hiroshi Kazui (Tohoku Univ.) 2012/6/12)

and LucVan Den Hove (MEC) | MEC-Tohoku Seminar in Sendai (2013/11/8) %0
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Efficient way to access accumulated knowledge

Is important for heterogeneous integration

Sendal MEMS showroom

http://www.mu-sic.tohoku.ac.jp/showroom/index.html (Japanese)

http://www.mu-sic.tohoku.ac.jp/showroom_e/index.html (English)
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http://www.mu-sic.tohoku.ac.jp/showroom/index.html
http://www.mu-sic.tohoku.ac.jp/showroom_e/index.html

! i

_July 20th,

5th International Contest of Application in Nano / micro technologies (iCAN'14) July 20, 2014 .
in Sendai (for high school and university students) http://www.ican-contest.org/index.html|



http://www.ican-contest.org/index.html
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Conclusions

1. Hetero-Integration by AdheSelective Transfer
Multiband system for cognitive wireless communication
Diamond electrode array on LSI for amperometric biosensor
Tactile Sensor Network
Massive Parallel EB Exposure System

2. Open collaboration for MEMS on LSI

Prof. Assoc. Prof. Assos.Prof. Assis.Prof.

S.Tanaka  K.Totsu M.Muroyama S.Yoshida
(RF MEMS) (Open collaboration) (LSI design)  (Piezo electric)

Acknowledgment to collaborators 4
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