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Experiences of MEMS-IC research and construction of common facility
1. Chemical sensor & prototyping facility (graduate student) (1970-1975)
2. Biomedical micro sensors (Research Associate) (1976-Sept.1981)
3. Development of custom CMOS IC (Assoc. Professor) (Oct.1981-1990)
4. Integrated MEMS & industrialization (Professor) (1991-)
Open collaboration
5. Common facility for prototyping
6. Accumulation and utilization of knowledge
7. Supporting industry
8. Education for students who are eager to be useful
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20mm process facility

1971 ISFET (lon Sensitive FET) (Graduate school (Electronic Eng.)) h
Jey =

1976 Maedical sensors (Research associate in Electronic Eng.)

g A
Common facility for micromachining ~
1981 CMOS LSI (Associate professor in Communication Eng.) t.
LSI design, process, testing facility -

Prof. T.Matsuo studied in Stanford Univ.
1990 (Integrated)MEMS (Professor in Precision Eng.) (Prof. J.Mindle’s Lab. ) with Research

1995 Venture business laboratory Associate Dr. K.D.Wise in 1971
(2006~ Micro-Nanomachining research and education Center (MNC))

2007 Professor in WPI-AIMR (Concurrently in Graduate school of Eng.)
2007 Innovation centers for advanced interdisciplinary research areas program
2008 Closing of Semiconductor Research Institute
(— J. Nishizawa memorial research and development center in Tohoku Univ.)
2009 Establishment of uSIC
2009 Funding Program for World-Leading Innovative R&D on Science and Tech. (FIRST)
IZOlO Hands-on access fabrication facility
2013 Retirement from Graduate school of Eng. (Successor : Prof. S.Tanaka)
Y 2014 FIRST close
(2017 Closing of Innovation centers for advanced interdisciplinary research areas program)

WPI-AIMR : The World Premier International Research Center Advanced Institute for Materials Research
MSIC : Micro System Integration Center

Common facility for fabrication 2




Semiconductor Research Institute (1961~2008) Prof. emeritus
Junich Nishizawa

Nishizawa memorial
research center
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(T.Matsuo, M.Esashi, K.linuma, Tohoku
region meeting of Electrical Eng.(1971))

ISFET (lon Sensitive Field Effect Transistor)

(wafer process for reliable assembly)
(M.Esashi & T.Matsuo, Supplement to the J.J.A.P.,44 (1975) 339) 4




Mask aligner bought by Grant-in-aid

for Scientific Research

Oxidation and diffusion furnace Etcher
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Vacuum measurement system (ionization gage meter) made
in house using vacuum tubes



(K. Shimada (Kurare), M.
Esashi and T. Matsuo et.al.:
Application of catheter-tip
|.S.F.E.T. for continuous in vivo
measurement, Med. & Biol.
Eng. & Comput., Vol.18, No.11,
pp.741-745 (1980))
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Type Application No Datheter (ms) Monitor Note
Length Diameter

_P_H-Zl pH measurement in muscle etc | PH-21 35 350 | 1.1 KR-5000 With reference

PH-31 pH measurement in esophagus PH-3110 ( Adult ) 100_0 2. 4 KR-5000 = With reference
i and stomach PH-3165 (Infant )| 650 2.4 KR-5010 | and feed port
__PH~60 pH measurement in mouth PH-6010 100 1.0 KR-5000 Without reference
~ PH-80 | Reference electrode for PH-60 | PH-8005 50 | 1.1 | KR-5000

C0-10 PCO, measurement in muscle etc CO-1035 350 0.9 KR-5000 | With reference

Catheter pH, PCO, monitor (Kurare, Nihon Kohden) (1980) 7



Metal-oxide-sensing layer — : e -
 Sensorplate - . s %
Floating S o T e
metal gate AV A\
Bulk Drain Source —To column -tk .
Silicon substrate receiver S el

Figure 1 | Sensor, well and chip architecture. a, A simplified drawing of a transistor. b, Electron micrograph showing alignment of the wells over the
well, a bead containing DNA template, and the underlying sensor and ISFET metal sensor plate and the underlying electronic layers. ¢, Sensors are
electronics. Protons (H ™) are released when nucleotides (ANTP) are arranged in a two-dimensional array. A row select register enables one row of

incorporated on the growing DNA strands, changing thepH of thewell (ApH).  sensors at a time, causing each sensor to drive its source voltage onto a column.
This induces a changein surface potential of the metal-oxide-sensing layer,and A column select register selects one of the columns for output to external
a change in potential (AV) of the source terminal of the underlying field-effect  electronics.

Small fragment of single strand DNA attached in beads in each well
AW oenerates hydrogen ion during binding with nucleotides (A-T, G-C)

N and double strand DNA is synthesized. The pH change is
measured by changing a nucleotide solution.

3 chips all DNA sequencer using 165 million ISFETs on a chip

(J.M.Rothberg (lon Torrent Life Technologies) et al. : An integrated semiconductor device
enabling non-optical genome sequencing,, Nature, 475 (2011/7/21) pp.348-352) &



Experiences of MEMS*IC research and construction of common facility
1. Chemical sensor & prototyping facility(graduate student) (1970-1975)
2. Biomedical micro sensors (Research Associate) (1976-Sept.1981)

3. Development of custom CMOS IC (Assoc. Professor) (Oct.1981-1990)
4. Integrated MEMS & industrialization (Professor) (1991-)

Open collaboration

5. Common facility for prototyping

6. Accumulation and utilization of knowledge

7. Supporting industry

8. Education for students who are eager to be useful

Summary
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Multi-micro electrode to detect nerve impulse

(Y.Ohta, M.Esashi, T.Matsuo, Medical and Biological Eng., 19, 2 (1981) p.106) »
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Dr. I. Igarashi b
(Toyota central
research lab.) Silicon diaphragm with piezoresistors

1954 Piezoresistive effect of Si & Ge
C.S.Smith (Bell Lab.), (Phy.Rev. 94 (1954) 42)

1963 Silicon diaphragm piezoresistive pressure sensor
O.N.Tufte (Honeywell), J.of Applied Physics, 33 (1962) 3322),
l.Igarashi (T.C.R.L.)

1980’s Commercialized for engine control to reduce exhaust gas pollution

Piezoresistive pressure sensor 12
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External blood pressure sensor using catheter
(H.Ozawa, M.Esashi, Med.& Biological Eng., 24(special issue) (1986)) 13
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Multi piezoresistive pressure sensor catheter
(M.Esashi et.al.: IEEE Trans. on Electron Devices, ED29, (1982) 57)
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Clinical application of multi-pressure sensor catheter

(M.Esashi et.al.: IEEE Trans. on Electron Devices, ED29, (1982) 57)
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Proceedings of Ist Symposium on Ultrasonic Electronics, Tokyo, 1980
Japanese Journal of Applied Physics, Vol. 20 (1981) Supplement 20-3, pp. 111-114

A Piezoelectric Composite Resonator Consisting of a ZnO
Film on an Anisotropically Etched Silicon Substrate

Kiyoshi NAKAMURA, Hiromasa Sasaki and Hiroshi SHiMizu

Top Electrode (Al) ‘wgineering, Tohoku University, Sendai 980

Botiom Electrode /  ,zn0
-Au - R
” and Dr. J. Kushibiki for their valuable sug-
gestions on ZnO deposition, and D@
=== for his helpful advice on anisotropic etching.
Si0, (111)Plane They also wish to thank Mr. H. Watanabe and
(100) Plane Mr. M. Uriuhara for their technical contri-
butions.
& } § ;”l"d First Film Bulk Acoustic Resonator
g O e (FBAR) (1980)
Electrode We 16
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Training of dispatched researchers who have experiences of all the

process steps (Olympus)
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Experiences of MEMS*IC research and construction of common facility
1. Chemical sensor & prototyping facility(graduate student) (1970-1975)
2. Biomedical micro sensors (Research Associate) (1976-Sept.1981)

3. Development of custom CMOS IC (Assoc. Professor) (Oct.1981-1990)
4. Integrated MEMS & industrialization (Professor) (1991-)

Open collaboration

5. Common facility for prototyping

6. Accumulation and utilization of knowledge

7. Supporting industry

8. Education for students who are eager to be useful

Summary
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Yajima laboratory in Kyoto Univ. Computer center in Tohoku Univ.
(natwork beween universities)  (time sharing system)

L ogic simulator ISS) Circuit simulator (ANAP)
) ¥

Design rule j<— Layout |——>|Capacitance extraction|

check 1 (graphic editor) from layout

A

Plot Format transformation Module library

for pattern generator Graphic editor programed by
Design flow using GAD programs Esashi

(M.Esashi, Experiences of LS| design, prototyping and education, Convention of IEEJ (1984))

Functional test Micro prober DC test AC test
1

1

P il Ha_;dcopy e Scanner Storage osciloscope
comparator L W _
:l ' 1
Voltage Voltage
. o g:;zig: currergmt cun'eit XY plotter
Memory teminal ‘ > source meter |
. ]
sk i
Controller =64 parallelf Computer i 1
/0 (DEC LSI-11)} GPIB bus

LSI test system LS| design, testing facility

(M.Esashi & M.Ohtomo, Fabrication of functional tester for LS|, Tohoku convention of IEEJ (1984)) 19



Mask pattern data (magnetic tape)

Print out of mask pattern

[
7 (279mm X 354mm film)

r f
'1/5 reduction to | | Enlarge (X 4) for
_.3 inch glass plate| 'mask check

—_— ¥B@EIP)-X 0O

| PEERORRE OB

FEEE—w LR IEEE

g am o s -

] -

/ Text book, M.Esashi “Fundamentals

of integrated circuit design” (1986)

:T/10 reduction (step & |,
‘repeat) 2 inch glass plate

Wofking mask
(2 inch Cr mask)

-

Mask making process

v
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(M.Esashi et.al., Technical report on semiconductor and transistor, IEC,SSD85-51, (1985))



Example of parallel image processing

(M.Esashi et.al., Technical report on semiconductor and
transistor, IEC,SSD85-51,(1985))
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NMOS pipelined image processor using quaternary logic
(M.Kameyama, T.Haniyu, M.Esashi and T.Higuchi, ISSCC (1985) 86)

.3 - n .
functional memory

Y - 5

command receiver

N RERSE asnm =
1

High temperature operational amplifier

(M.Esashi, S.Ohtaka and T.Matsuo, Technical report on
semiconductor and transistor, IEC, SSD86-57 (1986))

00 360 missing pulse code decoder
TEMP(°C)

conditioner

Implantable telemetry CMOSIC
(H.Seo, M.Esashi and T.Matsuo, Frontiers

of Medical and Biological Engineering, 1
(1989) 319) 22
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20mm process facility for LSI and MEMS Second-hand ion implanter
(1995) used in Tokyo Sanyo Ltd




Experiences of MEMS*IC research and construction of common facility
1. Chemical sensor & prototyping facility(graduate student) (1970-1975)
2. Biomedical micro sensors (Research Associate) (1976-Sept.1981)

3. Development of custom CMOS IC (Assoc. Professor) (Oct.1981-1990)
4. Integrated MEMS & industrialization (Professor) (1991-)

Open collaboration

5. Common facility for prototyping

6. Accumulation and utilization of knowledge

7. Supporting industry

8. Education for students who are eager to be useful

Summary
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Unique facility like toy
for MEMS prototyping

MEMS process facility for 20 mm wafer

Many process equipments have been made in house.

Simple and basic equipments are suitable for training people who
have experiences of all the process and for developing new
devices taking advantages of process flexibility.

The facility has been shared by many laboratories. More than 100

companies dispatched researchers (full time, 2years). 25



A g n‘Si
p* CMOS circuit
— X . Il G L. R sa.:: i
SisN« Ti-Pt
Cr-Cu-Au

Wafer level packaging

— 2.2 MM—

€ fo ey

£ Refergnce 'CMOS .

i Cavity ECircui’( :
2.2mm

Conductive Epoxy

Cr-Cu-Au
Ti/ Pt _é
3_'I'Ryr_ex__Gl.as_s'/l,':.° Nl &
o
\‘* /‘"‘.\\-f—-n ;i P* =
P —+

Integrated capacitive pressure sensor

(Y.Matsumoto, S.Shoji, M.Esashi, 22nd Conf. on Solid State Devices and Materials (1990) 701) 26



MEMS have moving parts

— Direct molding with plastics can

not be done.

— small size (chip size encapsulation,
suitable for surface mounting)

— high yield (protection of MEMS

structures during dicing)

- ;e e e - - -
- = B - - Y -
ey, o, e =y -l e -

— high reliability (hermetic sealing)

— low cost (minimal investment for

assembly, no use of expensive

£ ceramic packages etc)

& £ = ¥~ Water level packaging

27
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to 1000V

Wide frequency range (DC~10GHz)
MEMS switch for LSI tester

(A.Nakamura et.al.,Advantest Technical

(Advantest components (Sendai)) Report, 22 (2004), 9-16) &
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1992-1997

Two researchers from Toyota
stayed in Tohoku University for
collaborative development of
vibrating gyroscope

BT EREEREREREN)

SiO2 10KV X1,500 1@bwm WD3S

Yaw rate sensor has been produced in Toyota since _ _
2003 and used in more than 1 million cars. MEMS Sensor P

Resonating gyroscope (yaw rate sensor) and
accelerometer for vehicle stability control
(M.Nagao et.al.,SAE World Congress, Detroit, (2004) 2004-01-1113) 29



Sm-Co
G Permanent Magnet

Liquid
Nitrogen

RF Power
Supply

Si deep RIE system

x30 0000 Z20kV 1MW

Resonating gyroscope fabricated
using Si deep RIE

(J.Choi, Microsystem Tech., 2 (1996) p.186)

(13.56MHz) s Commercial deep RIE system became
available since 1996

(M.Takinami, 11th Sensor Symposium, (1992) p.15) 30



TOKYOr
: LL ki g M
KEii Chip 4.3m X 4.3mm e WY

Motlon Logger

s NEMENTEAN =Y avOa— 2. @AY r /O EERLES<TUNT A TODENTEN
T, FIMERETS BN OEBBRHENHN - REULST.

| MTERDY S DTN )
!-f!?m:r —CEY )
o Ty N Ly e
" ity AN w‘ "W“;“v"“ R aiard
o ¥ ' Vit
. N e - - - ﬂ' YY)
— ey a4 EA
= o « —
i — 7 CEELEY]
;oﬂ.p‘ 2
MJ-MW ‘MWW
[« o > H
e
Gy O~/UMER S—mam
- =71 bR =@NGaoeices
=D 2 S DMW =D OB

- | : Application of the electrostatically levitated gyro
—15mm —— to motion logger used for subways in Tokyo

Electrostatically levitated rotational gyroscope
(Simultaneous measurement of 2 axes rotation and 3 axes acceleration)

(T.Murakoshi et.al. : Jpn. J. Appli. Phys., 42, Partl No.4B (2003) p.2468) 31
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2D Optical scanner Ranging imager for safety systems
(N.Asada et.al., IEEE Trans. on and other applications

Magnetics, 30 (1994) 4647) (T.Ishikawa,H.Inomata : Japan Signal
Technical Report, 33, 1 (2009) 41)
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(a) Surface micromachining
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(c) Transfer of MEMS on LSI
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1. Fabrication of silicone bumps 3. Selective laser debonding /SAW /Fi|ter\

Bonding interlayer Device (e.g. MEMS) Laser
£ /
| F Glass carrier wafer /|
| | —

Bump ; ' : |

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

2. Wafer alignment and bonding [ |
| |

| |

O g _8—
P‘T’arget wafer|(e.g. LSI) |

> |
II l' |
S — & aileng
. ==
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Selective transfer process by laser debonding
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A — i §-10
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Multi SAW filters on LLSI Tunable SAW filter using ferroelectric varactor
(S.Tanaka, M.Yoshida, H.Hirano , M.Esashi, 2012 IEEE Internl. Ultrasonics Symp. (2012) 1047). 34



Power Supply
(Addressing) y

—_
o
—

TOTAL CURRENT SWITCHING SIGNAL POWER SUPPLY

e

0001 0010 0011

ALWW‘NVL——(‘
-

L, Of Qutput Signal

VOLTAGE Vp (V)
no

+
Vo (b)
< Tactile Sensor

VOLTAGE Vs (V)
no

FOWeEr SUuppl
> BEY Lead (Vp)

—_———

-
f
|
|
I
I

(¢)

Ip (mA)

1
|
%ddressing
(’Unit

g d
Clock [ 37
3 Phase Clook

G?nelraltor
_T__—‘ 4 Bit Shift

=T L_Register |Address
SslSz IS I8, Signal

|
|
— | [Comparator F | Switching
OV~ Tag Ae IAn Ao Signal

Given Address Vs

Foroce Sensing
Unit

m -
a no

- |

o

Lead (GND)
(1,000 Tr./chip in our lab., 1,000,000 Tr./chip in company, 10,000,000,000 Tr/chp now)

Common 2 wires tactile sensor array (polling type) .
(S.Kobayashi & M.Esashi, Technical Digest of the 9th Sensor Symposium,(1990),137)
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Ricoh,
Toyota motor,
Pioneer,

INippon signal,

Toppan TDC,
Kitagawa iron works,
Sumitomo precision, NIDEC

COPAL elec. Nikko,

Shared CMOS LSI wafer

. Toyota central R&D lab,

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

~ core,

MEMSAS,

Furukawa Electric,

Denso

Laboratories in Tohoku Univ.
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Tactile sensor network for robot (event driven type)
(M.Muroyama, M.Makihata, M.Esashi et al., Smart Systems Integration (SSI) 2014, (2014)) .



Micro column array
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Concept of massive parallel electron beam exposure system using nc-Si emitter
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CMOSLSI for emission control  Bump (Au/In/Au) Polymer BGA package

A

Metal

Through wafer “ H “ “ =

interconnection ' s T l
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Au i
Si \
Oxidized no-Si /. Electron beam ™ Au/Ti (9nm/1nm)
Elect HE 3':3:3:::3““ . >
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Structure of 100 X 100 active matrix nc-Si emitter

(H.Nishino, S.Yoshida, A.Kojima, N.lkegami, N.Koshida, S.Tanaka and
M.Esashi, Technical Digest IEEE MEMS 2014 (2014) 467-470) 39
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Experlmental 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 40electron source (Electron
source pattern is superimposed in the right photograph)

(N.Koshida et al., SPIE Advanced Lithography, San Jose, 2015/2/25) o



Experiences of MEMS*IC research and construction of common facility
1. Chemical sensor & prototyping facility(graduate student) (1970-1975)
2. Biomedical micro sensors (Research Associate) (1976-Sept.1981)

3. Development of custom CMOS IC (Assoc. Professor) (Oct.1981-1990)
4. Integrated MEMS & industrialization (Professor) (1991-)

Open collaboration

5. Common facility for prototyping

6. Accumulation and utilization of knowledge

7. Supporting industry

8. Education for students who are eager to be useful

Summary
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Instructions are
directly written on
the panel to
prevent wrong

- usage

Shared facility (Micromachining room) in the building of Electrical group proposed
by Esashi and Niitsuma (research associate) in 1980.

Auger electron spectroscopy bought by grant-in aid for scientific research and
equipments for mask making, assembly etc. were commonly used.

Accumulation of knowhow for the common use
42
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Micro / Nanomachining Research & Education

Center (MNC) (2007-) Clean room for 2 inch process
(Director Prof.S.Tanaka) (600m?2)

Venture Business Laboratory (VBL)(1997-2006)
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E—(E. 1—HF DB THARERDDIENSITETT, BLDBAICEE
DEENLIL—ILEF RO LT=-OIZEEANZLIE>TWVET L, HIRAIXBESEZ(T
E=RRABELMNMEZRGWED AR FNIZEHELIAD ZEGE LS ETT , ERD
METIIEORBLAGEIIAN-HWVED T, ]IZEIVLENELSHLDTT  EE
ZFE O TLARFIC—HEICDOVWTHEWVWAZE > TELICEITLFLIZ. BHADAIET
EHEITEHFMICETHATIZLL, ARILZDOTRHOYIZHOLTHITHELSZEITH
UMBETITMN, AT FURABEELEHTOLVTWTELL, FDANIZFEZHTEDD
DHYTHOHLTTELY,

EEDHEFFIRLFEIANMERE)COLTIHEET . RHEEBDEZ AICIAL,
TEAETERERHL. EENBTOHARETELIDITEZEZATLET,

BEZ(X. LTI IEBEEEEZREL

FE=1E. EATHBKBIZL, BERADRILKTIEX---

User should learn not only the operation but also maintenance from the person who
is using the equipment.

The management and maintenance of equipment should be done by the person
(laboratory) who uses it most frequently (not by the owner laboratory) etc. 44




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 45
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Companies are allowed to sell MEMS devices produced
in the “Hands-on-access fab.” (2013/7 ~) 4

Layout of the Hands-on access fab. for 4/6 inch wafer
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MEMS Park
Consortium
(MEMSPC)

- |

l% W

Advantest component
Co.Ltd.
(Contract production)

' MEMS core Co.Ltd.
(Contract developmept)

: (Initial stage
- _,gg,-——.a_ prototyping)
e wEE'—.: - <€ >

I — Micro System

L

Integration

Nishizawa center, (Tohoku Univ.) Center (“SI_C)! AIST (Tsukuba) 49
(Hands-on access fab.) Tohoku Univ.  (Production stage prototyping)



Experiences of MEMS*IC research and construction of common facility
1. Chemical sensor & prototyping facility(graduate student) (1970-1975)
2. Biomedical micro sensors (Research Associate) (1976-Sept.1981)

3. Development of custom CMOS IC (Assoc. Professor) (Oct.1981-1990)
4. Integrated MEMS & industrialization (Professor) (1991-)

Open collaboration

5. Common facility for prototyping

6. Accumulation and utilization of knowledge

7. Supporting industry

8. Education for students who are eager to be useful

Summary
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FhG Germany — éendai city partnership
signing ceremony in Munich (July15 2005)

FhG Germany — WPI-AIMR Tohoku Univ.
partnership signing ceremony in Sendai
(Nov. 8, 2011)

15t Fraunhofer Symposium in Sendai
“Doing Worldwide Business via MEMS
technology” (Oct.19, 2005)

10%t Fraunhofer Symposium in Sendai
(Nov.26, 2014)

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

Collaboration with
FhG (Fraunhofer
Institute) in Germany ..




—

2012/6/21 Seminar at IMEC 2013/11/8 Seminar in Sendai 2014/11/12. Seminar at IMEC

Strategic Partner
Tohoku U - Stanford U - EPFL

Stanford U
Tohoku U
imec &FechL
Belgium AL K=
“your lab and imec are
Signing ceremony veré/ complimentary
(2012/6/11) Rudy Lauwereins, Vice- :
Hiroshi Kazui (Tohoku Univ.) y (IMEC M_Yoneyama@ec

and Luc Van Den Hove (IMEC) PreS|dent Of IMEC 2012/6/12) ) 32



Catalog

L.C.Berkeley
Pt

-\ Y

< Tatami space

: \:‘H Advantest, MEMS Core

1 IMEC

J 105 m?

Ihstitute to  Nishizawa
| / Memorial Research Center

© From Semiconductor Research

i

-G Fraunhofer

Ricoh
MEMSPC
iCAaN

_F Light control,
Actuator, Micro
system integration
initiative, FIRST

E Harsh environment
device, Power MEMS,
¥ Fluid control

£

/ 4 NS 4
B Gyro, RF

& DMD, Printer, Pressure
sensor, Accelerometer

Ihfrared imager

: 1 T~ D Medical micro
| b~ Hands-on access Fab. - sensor (Minimal
L' ' Mi R invasive medicine)
- icroscope | ||

< What is MEMS T

F:?‘—‘/,/ T ] 4

] / \Piroli detector

Custam integrated circuit
ih Tohoku Univ. in 1980's

C Micro/nano machining

Efficient way to access accumulated knowledge
IS Important for heterogeneous integration

Sendal MEMS showroom (2012/5/16 renewal opening)
http://www.mu-sic.tohoku.ac.jp/showroom/index.html (Japanese)

53

http://www.mu-sic.tohoku.ac.jp/showroom_e/index.html (English)
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Efficient development for heterogeneous integration
4

(MEMS park consortium http://www.memspc.jp)
Free MEMS Seminar in Tokyo (Aug. 23-25, 2006) 280 attendees

Free MEMS Seminar in Sendai (Aug. 22-24, 2007) 75 attendees

Free MEMS Seminar in Fukuoka (Aug.20-22, 2008) 150 attendees
Free MEMS Seminar in Nagoya (Aug.4-6, 2009) 100 attendees

Free MEMS Seminar in Tsukuba (Aug.5-7, 2010) 211 attendees

Free MEMS Seminar in Kyoto (Aug.9-11, 2011) 175 attendees

Free MEMS Seminar in Tokyo (Aug.22-24, 2012) 226 attendees

Free MEMS Seminar in Tsukuba Univ.(Aug.7-9,2 013) 110 attendees

Free MEMS Seminar in Osaka (Aug.5-7, 2014) 140 attendees

ANREDLHE WML Bo=-A

v Free MEMS Seminar in Toyohashi U.T. (Aug.5-7, 2015)

High-tech. small volume production

Efficient utilization of facilities
MEMS seminar

Sevmgee | 54
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Experiences of MEMS*IC research and construction of common facility
1. Chemical sensor & prototyping facility(graduate student) (1970-1975)
2. Biomedical micro sensors (Research Associate) (1976-Sept.1981)

3. Development of custom CMOS IC (Assoc. Professor) (Oct.1981-1990)
4. Integrated MEMS & industrialization (Professor) (1991-)

Open collaboration

5. Common facility for prototyping

6. Accumulation and utilization of knowledge

7. Supporting industry

8. Education for students who are eager to be useful

Summary

55



In the past

D Company Y university

At present Foreign companies University
Government research institutes

In future
University
Government research institutes
: - — Basic
Application Facility for prototyping

Rohm <« Kionics (USA) [Accelerometer]

Murata manufacturing < VTI (Finland) [Accelerometer]

TDK «— EPCOS (Germany) [RF components]

Megachips < SiTime (USA) [MEMS oscillator]

Alps — Qualtre (USA) [Bulk acoustic gyro]

Sharp < Pixtronix (Qualcomm) (USA) [Display] 56
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MEMS Park
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(MEMSPC)

- |
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Advantest component
Co.Ltd.
(Contract production)

' MEMS core Co.Ltd.
(Contract developmept)

: (Initial stage
- _,gg,-——.a_ prototyping)
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I — Micro System

L

Integration

Nishizawa center, (Tohoku Univ.) Center (“SI_C)! AIST (Tsukuba) 57
(Hands-on access fab.) Tohoku Univ.  (Production stage prototyping)



v

3 months

10~20d 30~60d ~10d 3d
Planning, Fabrication : Presentation,
: - Testing
design (4 inch process) report

Lectures on Internet School of
Tohoku University

Design i icati . :
g Training of Fabrication Ex. Capacitive 3-axis accelerometer

MEMS Training Program in Sendai MEMS park consortium

Since Apr.2007. Fee 1 million yen. Trainee participate with own subject.
58

15 companies participated.



JADVANTEST. ADVANTEST CORPORATION

High-Frequency, Low Power Consumption MEMS Relay

Advantest’s high-frequency MEMS relay utilizes piezoelectric actuation to achieve low power consump-
tion and high reliability. Via Advantest's proprietary deposition technology, the relay features a piezoelec-
tric film only 1 micron thick, making low actuation voltage possible. The relay also has high reliability, using
contact-point control technology honed in Advantest's semiconductor testing equipment, and it can handle
up to 20 GHz high-frequency transmission, using Advantest's high-frequency measurement technology.

BMEMS Relay Applications BMEMS Relay Production Process
T 1st Step
T S RF MEMS Switches
RF MEMS switches are mainly factured by these three steps
. 2nd Step 3rd Step
Si wafer actuation umit Wafer Gluing Cutting
2nd layer)
including bimorph cantilever
- & o
1st Step . i
Glass Wafer Contact
Portion Production Gluing of three stacked wafers, MEMS switch cut
b TTEh including 3rd layer glass wafers from three layer wafer
3 for casing

Semiconductor Testing Equipment, High-Speed Communications G"“""";";‘"'h;:)'v"ﬂ“
Devices, High-Frequency Measurement Equipment glass with embedded metal

59



Applied
technology

dnoub

/éhared IP M

managed in

dnoub Josuas

the Patent
Basket

alim uonelauab }xaN
}N Josuas ssajalIpn

dnoif waysAsoloiw jeando

Basic technology
for LSI-MEMS
integration

Fabrication
Test
Equipment
group

dnolib waysAsoldiy jedipapolg

WI3)SAS ss
AIISUDS-

Process

Equipment

Test and evaluation
Design

Material

Packaging

Shared IP managed in the Patent Basket
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7K B f};%g*r%c:x . . W18
N A 7L W< 57, " =
R 8w ) & iib*fﬂ)ﬁiﬂuﬁ%
MUV ER m I O e e Ry D hd
HicEE2 E oK E;:?i’s@/d)ﬁlﬂﬁt\
G.) (> I’?‘ 12 %Q s}a ? ﬁg XRCENDIZLE20%, BXASCAROFARREERNCBALEIIEREWMO .
qj < 3 ¢ f’% Y . BFLEBY LA SELAREFORMEIELLTLS,
= 78 AL L; HE  BH BYFREALESY AT COOMENOBLEDDALFEHTRETIHEY),
DT -~ U ERREOMEFELLpLLARFETHLIICREND.
&l O wilf 5 e BRED CHEREATOER S OERHFREDERELSTLS,
LR E D IND STERMUEA— T4 UAETRL, APENKEERTINTSS.
< 3 - ERRLASFNEN>THEYEIEIAHNSRESEROBDENFEENDESD.
U<') i I {7’% jj% g g {‘ﬁ Nikkei Electronics (2005.1.31)
AE#H 338 - REFEHEAMRETCIIZEHEE (LT, BF
T E PO F] womy sk ki o i i
DY 1% ?}2 i 2 1 R | MEMRE) N, KEOWMAERMIZET T AFDE
n L IC 12 I =
% LENELLE| BEREROTRAET o LER. ZORBE
T T oM YR FAIEUTERCREA YT LTS E UL
f? T, Sy &8 l Patent by dispatched researcher was owned
% — OR AR 1 by Tohoku University (before revolution)
H A 9+ 1+ M2 & = TR o\

(Our laboratory) Patent shared with company is paid
by company. Exclusive license is given to the
company but opened if not commercialized.

Revolution against IP rules in Tohoku University

2005/7/19 Nihon Keizai Shinbun
(first page)
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NEG P Si diaphragm
< 4mm l'" !,
30um 30um _ Si : '
4 ,[L_/ 4 500V —)
[P <\

|

BRI S AT A 'I'

' L X 5
R A N Fixed electrode Golint
" Na’ Feedthrough hole for contact
(H.Henmi (RIKEN), Sensors and Actuators (K.Hatanaka (ULVAC), Technical Digest of the
A, 43 (1994) p.243) 13th Sensor Symposium, (1995) p.37)

Two patent

O

Development

Diaphragm Vacuum Gauge 88 | =
ST-1DB PIAVACLIMITED (ANELVA technical report , 11 (2005) p.37)

Efficient utilization of IP (example : capacitive vacuum sensor) 62



Experiences of MEMS*IC research and construction of common facility
1. Chemical sensor & prototyping facility(graduate student) (1970-1975)
2. Biomedical micro sensors (Research Associate) (1976-Sept.1981)

3. Development of custom CMOS IC (Assoc. Professor) (Oct.1981-1990)
4. Integrated MEMS & industrialization (Professor) (1991-)

Open collaboration

5. Common facility for prototyping

6. Accumulation and utilization of knowledge

7. Supporting industry

8. Education for students who are eager to be useful

Summary
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E.Gotoh : Inventor of Parametron

computer (Graduate studentin the Univ. of
144 Tokyo in those days)

101 102 1031 Drive |Oscillation Parametron computer
Phase to 201 | phase of 201 (K.Nagamori, Electronics (1958, March) p.918)
pL I S B I )
_1 +1 —1 —1 k —1 ¥R FR
+ - g, -1k =] >AND EfRAWEE
+1 +1 -1 +1k +1 )
SE s § B ] History of
e C - technology
Ho -1 H |k A OR s e —
s ) +3k ) )




- 56m >

= |L|L A1l Electrical measurement : Potentiometer, Galvanometer

A2 Wired communication : Microphone, Headphone

L A3 Wireless communication : Vacuum tube and transistor radio

B1 Recording : phonograph (Edison), Vacuum tube magnetic

€| tape recorder

B2 Computer : Mechanical computer, calculator

C1 Vacuum tube : Various vacuum tubes, Vacuum tubes for
take-out, Manuals

C2 Transistor=IC : From vacuum tube to transistor and LSI

C3 Haggerty’s forecast (1964)

D1 Optical Instruments (1) optical measurement : Microscope,

A Radiation thermometer, D2 Optical Instruments(2) camera :

: Analog recording camera, 8mm movie

E1 Hobby : Mechanical doll, Aibo, Micro flying robotand
TW NeE |T\/‘F computer controlled model car

' E2 Automobile : Model T Ford, Model A Fordmanual etc.

F1Measure gause : Balance, Thermometer, Hygrometer

F2 Clock : Pendant camera, motor camera, tuning-fork camera

F3 Typewriter : Portable typewriter

H Probe card by Kiyota

G Books on the history of technology

| Materials related to Tohoku Univ. and companies

Historical Museum of Technology
http://www.mu-sic.tohoku.ac.jp/museum/
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HACPRESOFET, BRIRFMITRT r—F

Yomiuri shinbun, Feb.20, 2009

TN S:00=20:00

Eéﬂco‘ e ﬂaﬁ“

Ford Model T (donated by MrT.Tawara (Optoelectronics)) o6



\

TEMS (Talking Equipment from Manual
Sign) iCAN’11 winner, Kyoto Univ.

5th International Contest of Application in Nano / micro technologies (iCAN'14) 67
July 20, 2014 in Sendai (for high school and university students)



TU DARMSTADT, Germany
SMART PROTECTION GOGGLES

At the Institute of Electromechanical Design at TU Danmstadt smart
protection goggles were developed to mcrease the safety at
workplaces where the use of goggles is mandatory. The goggles
detect when they are properly wom and send this information to a
wireless recerver This signal 1s used for different applications, for

example to toggle a wanung light thus alamung the user.

£

b/ -

ukushima prefectural Koriyama-kita
technical high school, Japan

Pro ROBO -Robot to protect the safety of family

)
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Summary

- Common facility with versatile equipments and its effective utilization. Slim
equipments made in-house for easy maintenance.

= Accumulation and reconstruction of knowledge from the past to the latest. Provide
high quality knowledge delivery services.

“ Answering to the needs and educating ourselves by studying heterogeneous
knowledge and culture (international, different sectors etc.), Successful experlence

of practical contribution motivates us. e e
/-WIJBHE §jtk uﬂﬁ {

- Do not depend on outsourcing just "y

for shortcut. Real experiences rather
than virtual ones.

3
VA IR0
SHIRGMEREESY

- - _ | ETNTSIRISY REiisdca 2 1E R5=NMELERR
Good subjects, effective advices and [z [l ) l% siE7 A kEg
environment for enabling for student. == e '
110
Don’t compare students. g%%%;% Hlllllllll

-Th!nk from. basic. How useful outputs ”)‘.;,Tg)&{‘#
are is more important than the
number of papers. Achieve results with
minimum expense using second hand
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equipments. Patent is to protect w,['mﬂu e i
products. Collaborative rather than ol el G
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