et LIGA process
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Irradiation

473088- 208/3 | %

Resist structure Moulding mass

2

| Development |

Metal structure

Galvanoforming Unmoulding

LIGA process by X ray exposure, electroplating and plastic molding (Germany)

Reference : EW.Becker, W.Ehrfeld, P.Hagmann, A.Maner and D.Munchmeyer, Fabrication of Microstructures with High Aspect
Ratios and Great Structural Heights by Synchrotron Radiation Lithography, Galvanoforming, and Plastic Moulding (LIGA
Process), Microelectronic Engineering, 4 (1986) pp.35-56

Self focussing
reflection grating
(d=0,2 pm; g=2 pm)
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.’ microParts
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Light input
through optical fiber

Light oltput
via reflecting edge
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Micro spectrometer fabricated with LlGApfocess (Micro Parts, Germany)

Reference : Microspectrometer Fabricated by the LIGA Process, Interdisciplinary Science Review, 18 (1993) pp.273-279
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Synchrotron orbital radiation facility (SORTEC) Adhesion during drying Drying using low surface tension liquid
LIGA process using negative resist (THB—-N1 (JSR) Ltd.) (Tohoku Univ. = SORTEC)

Reference : S.Watanabe, M.Esashi and Y.Yamashita, Fabrication Methods for High Aspect Ratio Microstructures, J.of
Intelligent Material Systems and Structures, 8 (1997) pp.173-176



e2 Laser processes and stealth dicing

Silicon dioxide film
(Source : Hexamalhyldrsuazane)
(HMDS)

ArF excimer laser

i ) _\Mirror

Stereo microscope | Quartz window

S1-0-5i
S1-CH
S$1-0-Si

[3)
n

(Source : Trisdimethylaminosilane)

Absorbance (arbitrary unit)

/Reactor
3 uol
r LCooled Cu block :
- : ?
Optical fiber A S s
Pressure of HMDS : 470Pa
XY stage Pressure of O, : 67Pa R . S
Substrate temp. : 2°C 4000 2000 1500 1000
Laser irradiation time : 2min Wave number (cm-1)

Laser projection CVD

Reference : K.Takashima, K.Minami, M.Esashi and J.Nishizawa, Laser Projection CVD Using the Low Temperature
Condensation Method, Applied Surface Science, 79/80 (1994) pp.366-374

Si mlcrostructtir:‘e YAG laser Y A_G la'ser

L Glass window
Si waf Ty

Reactive gas

NF: —"___W—] ’ﬁ—’
X / / / XYZ stage Temperature

....................... conteollar

Bottom electrode Feedthrough

Laser assisted Si etching

Reference : K.Minami, Y.Wakabayashi, M.Yoshida, K.Watanabe and M.Esashi, YAG Laser—Assisted Etching of Silicon for
Fabricating Sensors and Actuators, J. of Micromechanics and Microengineering, 3 (1993) pp.81-86
(2nd: Crack propagation) Pressure sensor (Glass/S|
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Laser (stealth) dicing of Si—glass structure (Tohoku Univ. — Inst. For Laser Tech.)

Reference : M.Fujita, Y.Izawa, Y.Tsurumi, S.Tanaka, H.Fukushi, K.Sueda, Y.Nakata, M.Esashi and N.Miyanaga , Debris—free
Low-stress High—speed Laser Assisted Dicing for Multi-layered MEMS, Trans. IEE of Japan, 130-E (2010) pp.118-123




es  Anodic bonding
Bonding interf: R
) Satiie A Na displacement i Completion of
Glass $i0° * E bonding
a3 Current :
g 1+ urren .
Al :
* si '
+ H
: |
+ :
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1 — Time
—i} Current by electrochemical
500~ 1000V reaction at the interface
2S810” =+ 2Si+2e +0, t
Principle of anodic bonding Molecular structure of glass
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\l mirror g 0 -
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Distortion after anodic bonding

Reference : Y.Shaoji, K.Minami, M.Esashi, Glass—silicon Anodic Bonding for the Reduction of Structural Distortion, Trans. IEE
of Japan, 115-A (1995) pp.1208-1213
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- | |3 i;. T
el LT
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3 3 Ly —o—
Heater(400C) Yoo 0 30 w0 s o o 30 30 @0 s

Anodic Bonding Time (min) Anodic Bonding Time (min)

Influences of anodic bonding to CMOS circuit

Reference : M.Shirai, M.Esashi, Circuit Damage by Anodic Bonding, Technical Report IEE of Japan, ST-92-7 (1992) pp.9-17
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Vacuum packaging and pressure controlled packaging (right) by anodic bonding

Reference : N.Ura, K.Nakaichi, K.Minami, M.Esashi, Vacuum Packaging by Anodic Bonding, The 11t Sensor Symposium (1992)
p.63

M.Esashi, Vacuum Packaging Technology for Microsensors, Trans. IEE of Japan, 120-E (2000) pp.310-314



es Anodically bondable LTCC with electrical feedthrough (Nikko)

1. Green sheet

...

2.Punching

1 8

3. Plugglng holes with Au paste

/,A ////////////////// ////

6. Anodic bonding

©

IIIIIIIIIIIIIII
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4
35
3 ‘
g e
25
P _{"f —+—Si
a 2
S ——LTCC
)
= 1.5
O
1
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0
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Temperature (°C)

.-.‘!E = .; ;.j~«‘ .f\-.' S
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Au/Pt/Cr FTEOS

—14. 3 pm

Anodically bondable LTCC (Low Temperature Co—fired Ceramics) with electrical

feedthrough and electrical interconnection using porous gold (Nikko — Tohoku Univ.)

Reference : M.Mohri, A.Okada, H.Fukushi, M.Esashi and S.Tanaka, Packaging Technology for Hermetic
Sealing with Electrical Connection Using Anodically-Bondable LTCC Substrate with Etched
Cavities, The 28th Sensor Symposium on Sensors, Micromachines and Applied Systems (2011) p.62

H "
Ti \%I—/Si

AuSn solder Interconnect

P

LTCC

Photo resist =

w

Ni |

N/ |

Cr/Pt/Au

?ﬁ\__/—

Probe card using LTCC for wafer—level burn—in test

. Au/PY/Cr / Sio
u Via \\\\\ :

1. Production of LTCC wafer

! LTCC wafer

Au via
2. Wet etching of LTCC wafer

\ Porous Au bump

3. Wafer alignment

N

4, Ano&c\bonding

pe2 N =

\

Reference : S.—H.Choe, S.Tanaka and M.Esashi, A Matched Expansion MEMS Probe Card with Low CTE LTCC Substrate,
IEEE International Test Conference 2007 (2007) Paper 20.2



s Bonding materials (WPI-AIMR, Fraunhofer ENAS - Tohoku University)

1. Sputtering 2. PR patterning 3. Electroplating

A{K PR AuSn alloy
S S ke B - =

4. PR removal and
Dealloying

nanoporous Au

Nanoporous gold (NPG) for low temperature substrate bondlng

Reference : W. =S. Wang, Y. —C. Lin, L. Y. Chen, M. W. Chen, T. Gessner and M. Esashi,
Demonstration of Substrate Bonding utilizing Au Film and Nanoporous Gold Structures,
Proceedings of the International Conference on Wafer Bond ’ 11, Dec. 7-8 (2011)

Throughviahole NPG

Pressure, voltage and heat
. . LTCC.;‘ '
P U B
:§:$h2 o2t h,>h; :> T
¢hy
Si dhy

MEMS / Mechanical / S
components  sealing frame = 56 B

Electrical interconnection by using nano—sponge for MEMS packagmg

Reference : Y. —C. Lin, W. =S. Wang, L. Y. Chen, M. W. Chen, T. Gessner and M. Esashi, Anodically-bondable LTCC substrates
with Novel nano—structured electrical Interconnection for mems packaging, Proceedings of the international conference on
solid—state sensors and actuators (Transducers *11), June 5-9 (2011) pp. 2351-2354

Au Au-Ga alloy

resist
P Left : Bonded wafer
deposition Right : Ga is electroplated on the
lower part
GaCl, gallium cloride
CgHisNO;  triethanolamine
Si-wafer resist ; .
NaCl sodium chloride
removal

KOH potassium hydroxide

Room temperature Ga SLID (Solld quwd Inter—Diffusion bonding) (left:bonding interface, right:electroplating)

Reference : J.Frémel, Y.—C.Lin, M.Wiemer, T.Gessner and M.Esashi, Low Temperature Metal Interdiffusion Bonding for Micro
Devices, 2012 3™ IEEE International Workshop on Low Temperature Bonding for 3D Integration (LTB-3D), Tokyo (2012,
22-23 May) 163)



s Shared CMOS LSI wafer (Special Coordination Funds for Promoting Science and

Technology, Formation of Innovation Center for Fusion of Advanced Technologies)
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7 Laser—erased wafer process

MEMS side

our CMOS-LSI

Laser ablation area
our CMOS-LSI

MEMS structure 650um

Au-Au
Bonding

300pm
Multi project wafer in which other chips are erased by laser and process Application to tactile sensor network chip
for making MEMS and TSV on the CMOSLSI wafer

Au plating 10~13 pm (13)

(1) Laser abrasion , Bonding pad TSV pad
TEOS SiO; 20 pm)|

Seed Ta/Cu
®) _/ Au height ~5 pm after surfa(ileglanner (4) UV-releasable tape

(2) Laser abrasion  Bonding pad @ W
2~3 TEOS SiO
= = (9 Alignment mark Cr/Rw/Au re-wiring Au bopding bump Ni 7
fm 2 —

i electroless plating
as)

iy P =

Film resist
(6) UV-releasable tape

N|

3)

Laser abrasio: Bonding pad TSV pad

@ T~ Mask TEOS SiO,

Bonding resist Si0,/ Metall

. & =

\ Insulator TEOS SiO,
(12 (18)

Support wafer

W

Metall

ackside alignment mark
Cr/Ru/Au Seed layer & re-wiring

Fabrication process
(Y.Suzuki, S.Tanaka et.al, Fabrication of Deep TSV in Laser—Erased CMOS-LSI Multi—project WAFER for Surface
Mountablelntegrated MEMS, Sensor Symp. 2016, 24pm2-B-6)



es Massive parallel electron beam write (MPEBW)
(Funding Program for World—Leading Innovative R&D on Science and Technology (FIRST))

Micro column array

T T T
. Memory

PC

Emission Current (A/em”)

Active matrix nc-Si
emitter array

Nanocrystalline
SiLayer (t lum)

> Controller

Diode Current {Alem?)

Si nanowire
:Conmnected Si nanodots
(dot size: ¢ 3-5 nm)

..........

Stage

2" (estimated with =
diffraction effect) Applied Voltage (V) | {

Principle of nano—crystalline (nc) Si emitter and concept of the electron beam exposure system using the nc—Si emitter

15V poweer supplyto each driver circuit

i

- powersupply for data driver
nc-Si Emitter Array Exposed Pattern Images {1 SVEVENO) =
Resist: ZEP520 (t60nm) \ Y
Dose:30.0uC/cm 100 bit data paraliel input (D)
Planer type nc—Si emitter with CMOS LSI for driving active

through Si via and result of exposure matrix electron emitter

Nc-Si electron emitter Electron emitter array
(left : front side. right : back side)
(top : chip. bottom : magnified)

N.Ikegami, T.Yoshida, A.Kojima, H.Ohyi, N.Koshida and
M.Esashi.,

Active—Matrix nc—Si Electron Emitter Array for Massively
Parallel Direct—Write Electron—-Beam System, J. Micro/Nanolith. MEMS MOEMS 11, 3 (2012) 031406

A Ml velocit :
ag g TR = }EmitterUnit
20 -
10 |1 Compensator for
I _1: D -20.7KV divergenceangle [ i. A
~BGA package 20 Deflector
= 30 -20kV Beam Alignment
L Glass :g Stigmator
Polymer 80 : t"a‘:ti"" Reduction Lens
plate
. 70
Driver LSI 80
. o & -90
nc-Si emitter (Pierce
gun) 110
-120
Extraction electrode  **°
140 g — "
Electron 20 20 40 60 8O4M B N —

Experiment of electron emission driven by CMOS LSI Fabrication of nc—Si emitter on CMOS LSI (under development)

50nm thick resist

50um Exposed area

Electron <« >

emitter
Au pad

——
10mm

nc—Si Pierce—gun emitter, emitter side nc—Si Pierce—gun emitter Exposure using nc—Si emitter
(left), bump side (right)

H.Nishino, S.Yoshino, S.Tanaka, M.Esashi, A Kogima, N.Ilkegami, N.Koshida, Basic study for fabrication of integrated
Pierce—gun type area electron emitter for massive parallel electron beam exposure system, 2013 IEEJ convention,
(2013/3/20 Nagoya) 3-127 (in Japanese)



s Micro pump, micro valve and chemical analysis system for liquid

DIAPHRAGM  PIEZO ACTUATOR

S
==
400um =
500um é—-::
[ == | ONE way vaLve | i
I " e 2 e (5 i /;}EYREX-GLASS N AT
i z,,\ I e LI
N = PYREX GLASS\ \ g
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100um ONE WAY VALVE PIEZORESISTIVE PRESSURE SENSOR

One—way valve, micro pump and flow sensor

Reference : S.Shoji, M.Esashi, Fabrication of a Micro—pump for Integrated Chemical Analysing Systems, Trans. ICIEC, J71-C
(1988) pp.1705-1711

80r HO 220gflcm? 7
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lTl. 20F INLET1 On-chip Flow-injection analysis system and
micro pum
| k/ o
0)

0
Inlet2 Voltage 150V APPLIED VOLTAGE ( V)

Tree—way valve

Reference : S.Shoji, S.Nakagawa and M.Esashi, Micropump and Sample—injector for Integrated
Chemical Analyzing Systems, Sensors and Actuators, A21-A23 (1990) pp.189-192

THREE-WAY VALVE
DETECTOR

sAMPLE FEE 1 E=rT SAMPLE MICROPUMP
' g SAMPLE  THREE-WAY SAMPLE

S SRR o \' . e
g SILICON
MICROPUMP \

PYREX GLASS MICROPUMP DETECTOR

Flow injection analysis system integrated on a chip

Reference : S.Nakagawa, S.Shoji and M.Esashi, A Micro Chemical Analyzing System Integrated on a Silicon Wafer, Proc. of
the Micro Electro Mechanical Systems’90 (1990) pp.89-94



eto Micro mixer and particle analysis (Hitachi)

Micro-Plumes

Upper Glass
Surface

Bottom with
Micro-Nozzles 10 mm

TI0

L8 L us
~'A”l

-Iwidth= 1.2 mm, depth =0.16 mm
Mixed/Reacted fluid 60 micro-nozzles (40 pm x 40 pum)

Absorptionmetric Micro—flowcellusing micro mixer

Reference : R.Miyake, K. Tsuzuki, T.Takagi, K.Imai, A Highly Sensitive and Small Flow—type Chemical Analysis System with
Integrated Absorptionmetric Micro—flowcell, Trans. IEE of Japan, 117-E (1997) pp.147-154

ANS530 Reagent Reference water
AT TR AR T Ca LS L]
Water -+ RS232C
M =
Drain
T — AC 100V
ANsao water analysis system

Water—analysis system

Reference : R.Miyake, H.Enoki, S.Mori, T.Ishihara, A Small Water—Analysis System with Micro—machined Flowcells, Technical

Report IEE of Japan, CHS—-00-7 (2000) pp.33-37
A

SO

plate (C)

buffer

\\ (sheath fluid)
|
\ 0

Distance between nozzle

particles Sheath fluid  and capillary-tube inlet : 1.4 mm

capillary
tube

scatterd
light
detector

\'\%h‘

\o ==Y
Nozzle \
I(Inner width:100 pm)
7 4 T =
w | Outlet
Light
Micro sheath flow chamber for flow cytometer

Reference : R.Miyake, H.Ohki and I.Yamazaki, A Development of Micro Sheath Flow Chamber, Proc. of IEEE MEMS’ 91 (1991)
pp.265-270
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er1 Flow sensor and mass—flow controller for gas

3mm —
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Ti -Si0: FLOW RATE ( cc/min)

Thermal mass—flow sensor

Reference : M.Esashi, H.Kawai, K.Yoshimi, Differential Output Type Micro Flow Sensor,
Trans. ICIEC, J75-C-1I (1992) pp.738-742
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Thermal mass—flow sensor + micro valve

Flow sensor signal

Micro valve
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Flow sensor
T Gas
{»<—~~~7~—- ——— 20 mm
piezoresistor capillary
-~ —ii ------------ b"“
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0 0

P sensor

AP sensor

control valve

Pyrex glass-

Cross

Integrated mass—flow controller

gas

2 F ey o
ﬁ,TI'7V‘”"“ .2 mm

R

piezo actuator

section (A-A')

Differential pressure mass—flow sensor+micro valve

Reference : M.Esashi, S.Eoh, T.Matsuo and S.Choi, The Fabrication of Integrated Mass Flow Controller, Digest of Technical
Papers, The 4th Int.Conf.on Solid State Sensors and Actuators (1987) pp.830-833
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ei2 Bakable micro valve and anticorrosive mass—flow controller

Vacuum Chamber
Wafer

Heater : .
Microvalve Valve seat Pneumatic actuators

|scem]|

Inlet gas press. : 0.26 [kgf/‘cmij
-8

5 0 _I :l;.-.
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—=m—25 Inlet gas press. : 0.13 [kgf/cm?)
-—60 -
—A—120 g0l
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Microvalve closing opening
Pneumatic Pressure [kgf/cm’|

Bakable micro valve

Reference : D.Y.Sim, T.Kurabayashi and M.Esashi, A Bakable Microvalve with a Kovar—Glass—Silicon—Glass Structure, J. of
Micromechanics and Microengineering, 6 (1996) pp.266—-271

Valve Diaphragm

Stacked Piezo
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i 20 —
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] ]
| ! 0
| Gas Flow AN Film ]
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Anticorrosive mass—flow controller

Reference : K.Hirata, D.Y.Sim and M.Esashi, Stainless Steel-Based Integrated Mass—Flow Controller for Reactive and
Corrosive Gases, Technical Digest of the Transducers’ 01 (2001) pp.962-965

| ==

or J——|

-
Valve open time

Pressure (x10°7 Torr)

"

e | to0um Time

Electromagnetically driven microvalve (NTT)

Reference : K..Yanagisawa, HKuwano and A.Tago, An Electromagnetically Driven Microvalve, Digest of Technical Papers,
Transducers’ 93 (1993) pp.102-105
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e13  Sensing in harsh environment

White noise
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Stochastic sensor

Reference : Y.Hatakeyama, M.Esashi and S.Tanaka, Stochastic Gravity Sensor with Robust Output Using
White—Noise—Applied Vi—Stable State for Low S/N Environments, Tech. Digest IEEE MEMS 2012 (2012) pp.132-135
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Reference : M.Esashi, S.Ohtaka, T.Matsuo, Fabrication of High Temperature Integrated N

Circuit and High Temperature Pressure Sensor, Technical Report, IEICE of Japan,
SSD86-57 (1986) pp.67-74
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e14  Silicon carbide (SiC) mold for glass press—molding
X - =\

U light (LED) §

Superposition

/ =
S C] o
DMD chip \ -

Forming of non—spherical lens shape by multiple maskless exposure using DMD

Reference : K.Totsu, K.Fujishiro, S.Tanaka and M.Esashi, Fabrication of Three—dimensional Microstructure Using Maskless
Gray—scale Lithography, Sensors and Actuators A, 131 (2006) pp.387—-392
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Pyrex glass formed by molding Mechanical property of SiC at high temperature
Glass press—molding using SiC mold (A.H.Epstein, J. of Eng.. for Gas Turbines and Power, 126, (2004) 205)

Reference : K.—0O. Min, S.Tanaka and M.Esashi, Glass Press Mold Fabricated by SiC APCVD, SiC-SiC Bonding and Silicon
Lost Molding, Proceedings of the 21th Sensor Symposium (2004) pp.473-478
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