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Fraunhofer Project Center from April 2012 
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FhG Project Center signboard on the main door of S. Tanaka Laboratory 



Official Collaboration since 2005 
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Fraunhofer Germany – Sendai City 

partnership signing ceremony in 

Munich (July15, 2005) 

Fraunhofer – WPI-AIMR Tohoku University 

partnership signing ceremony in Sendai 

(November 8, 2011) 

1st Fraunhofer Symposium in Sendai 

“Doing Worldwide Business via MEMS 

Technology”  (October 19, 2005) 

The symposium is held every year. 

Strong partnership established 

by Prof. Geßner and Prof. Esashi 
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Visiting Researcher 
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Visiting Student 

Yu-Lang Chu 

Visiting Student 

Florian Kurth 

Research Associate 

in WPI-AIMR 

Mai Phuong Nguyen 

FhG Project Center members 

staying in S. Tanaka Laboratory 

Past visiting members 

from Prof. Geßner’s group 

in Chemnitz 
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Visiting Researcher 

Klaus Vogel 



Tohoku University Aobayama Campus 
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Micro/Nano-Machining Research 

and Education Center (MNC) 

S. Tanaka Laboratory Microsystem Integration Center 

New campus 

Subway station 

(under construction) 

Aobayama Campus 



Open Facilities for MEMS 
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“Hands-on-Access Fab” 

in Microsystem Integration Center 

(Director: Prof. Masayoshi Esashi) 

1800 m2 clean room 

 

 

Over 150 user companies 



MEMS Show Room and FhG Corner 

7 Website: http://www.mu-sic.tohoku.ac.jp/showroom_e/index.html 
Opening ceremony  



Tactile Sensation on Whole Robot Body 

8 “Paro”, Intelligent Systems 

“RIBA”, Riken 

Care robot 

Pet robot 

Tactile sensor network for home and 

medical robots enables: 

• Contact detection for collision safety 

• Body contact communication 

How to imitate 

or replace nerve 

network? 

I. Kumagai et al., 

IEEE/RSJ’12 (2012) 

Robot skin 

Parallel 

connection 

between brain 

and 107 of 

tactile receptors 

Bus-conencted 

tactile sensor 



Tactile Sensor Network on Robot 
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MEMS-on-CMOS Integrated Tactile Sensor 

M. Makihata, S. Tanaka et al., Sensors & Actuators A (2012) 

M. Muroyama et al., Smart Systems Integration 2014 

MEMS-CMOS interconnection 

Capacitive sensing 

electrode 

Thinned CMOS wafer 
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BCB polymer 

Through-silicon groove 

I/O pad 

1 mm 

2.4×2.4×0.3 mm2 



Data from Integrated Tactile Sensor 
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M. Makihata, M. Muroyama, S. Tanaka et al., 2012 MRS Spring Meeting 

1 mm 



Sensor Network for Infrastructure Safety 
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I-35W Mississippi River bridge 

(constructed in 1964)  suddenly 

collapsed on August 1, 2007  

Metropolitan expressway Haneda 

#1 (constructed in 1963) 

L 579 m×W 33 m 

Wireless sensor 

Antenna 

RF unit 

Wireless sensor antenna 

Train wheel 

Sensor network expected for the monitoring 

infrastructures 

 

Wireless technology and frequency control 

devices are getting more important! 



MEMS Clock Resonator Integrated with LSI 

A. Kochhar et al., 2012 IEEE Intl. Ultrason. Symp., Best Student Paper Award 

1. Metalization on IC Au 

2. IC-SOI wafer bonding via polymer 

IC 

SOI 

Polymer 

(BCB) 

3. Removal of handle and BOX layer 

4. Fabrication of AlN transducer 

AlN 

HR Si 

Ru 

13 

5. Interconnection between IC and FBAR 

Au 

6. XeF2 etching of sacrificial Si under FBAR 

Air gap 

FBAR 

IC 

FBAR 



PZT-Actuated MEMS Switch on CMOS 

14 

A

C

A B

GND RF I/O GND

Contact

Bias electrode

LSI

Al pad

C

B
AuPZT

Cu SiO2

Pt

0

1

2

3

4

5

6

7

0 2 4 6 8 10

D
e
fl

e
c
ti

o
n

 [
μ

m
]

Voltage [V]Driving voltage (V) 

D
e
fl
e
c
ti
o
n
 (

μ
m

) 

Matsuo, Moriyama, Esashi, 

Tanaka, IEEE MEMS 2012 

PZT Pt 
Au 

Vdd GND

IN1

IN2

CLK

DOUT1~4

G GS



PZT-Actuated MEMS Switch on CMOS 

Matsuo, Moriyama, Esashi, Tanaka, IEEE MEMS 2012 

C-3. Polymer RIE

C-4. Sacrificial polymer etching 

Al

PZT cantilever

IC wafer

IC wafer

C-1. Bonding (A-2 and B-2)

C-2. Etching of Si wafer and TiO2 

(Transfer of MEMS structures)

Si wafer

IC wafer

IC wafer

Signal line

A-1. Fabrication of PZT MEMS 

structure 

Polymer

A-2. Polymer spin-coating

PZT

Pt drive electrode

Si wafer

Si wafer

Au

Polymer
B-2. Polymer spin-coating

B-1. Fabrication of electrodes and 

pads on IC

Au

IC wafer

IC wafer
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Electrochemical Biosensor Array 

Bio-LSI chip 

Multi-project wafer LSI chip Electrode array Electrode 

250 μm 

Electrochemical bio-activity sensing 

Subred SubOX O2 

CO2 

Enzyme kinetics 

analysis 

Cell respiration 

activity 

Immunoassay 

for diagnostics 

Cell-based assay for 

environmental monitoring 16 Collaboration with Prof. Matsue, Tohoku University 



Bio-Electrochem LSI with Diamond Electrode 
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Transferred B-doped diamond film 

(Working electrode) 

PDMS flame 
PDMS potting 

Au wire 

LSI 

BCB bonding polymer 

LSI pad 

Diamond 

electrode 

Au inter-

connection 

T. Hayasaka, S. Yoshida … M. Esashi, S. Tanaka,  IEEE MEMS 2014, pp. 322-325 



Bio-Electrochem LSI with Diamond Electrode 

T. Hayasaka, S. Yoshida … M. Esashi, S. Tanaka,  IEEE MEMS 2014, pp. 322-325 

→ 

Wide potential window 

by boron-doped 

diamond electrodes 
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Please visit S. Tanaka Laboratory website 

                           at http://www.mems.mech.tohoku.ac.jp/index_e.html  

mems tohoku 


