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MEMS Microphone Market Growth .
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Yole Development, 2013

2.4 billion devices sold in 2013, ~90% for consumer applications
Knowles (USA) holds about 60% market share.
Knowles’ microphones are produced in Sony Kyushu in Kagoshima.



Inertia Sensors for Our Health .
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Sensor Network for Infrastructure Safety .
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Smile Curve .
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Messages from Academic .

Microdevice industry will develop continuously,
while the research and development of new microdevice is
not so easy from technical and economical points of view.

“One device, One process, One package”

In general, an IC can be developed based on the standard process and
packaging technology, because CMOS foundries and IC packaging
houses are widely available. On the other hand, different MEMS are often
made via different fabrication processes using diverse technologies, each
of which has its own know-how and history.

Recently, research universities have well-equipped facilities
for MEMS, accumulating technology and know-hows.

Collaboration with academic side saves cost and time for
companies compared with purely in-house R&D.



Tactile Sensation on Whole Robot Body .

“Paro”, Intelligent Systems

" Tactile sensor network for home and
medical robots enables:
« Contact detection for collision safety
* Body contact communication

Bus-conencted
tactile sensor

Parallel
connection
between brain
and 107 of ,
tactile receptors

How to imitate

I. Kumagai et al,, or replace nerve
IEEE/RSJ’12 (2012)
network?

re

? Robot skin



Tactile Sensor Network on Robot

CPU

I
Hub

Sensors

g

USB cable

USB cable Relay node

_ Relay node

Tactile sensor array
? (256 chips)

Variable mounting density
on Robot body



MEMS-on-CMOS Integrated Tactile Sensor .

M. Makihata et al., Transducers 2013, pp. 2729-2732

Capacitive sensing
electrode

BCB polymer

Thinned CMOS wafer :

2.4%x2.4x%0.3 mm?



Data from Integrated Tactile Sensor

M. Makihata, M. Muroyama, S. Tanaka et al., 2012 MRS Spring Meeting
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TV White Space Cognitive Radio .
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Design of Tunable SAW Filter

M. Inaba, T. Ohmori, K. Hashimoto (Chiba Univ.), Jpn. J. Appl. Phys., 52 (2013) 07HDO05
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Hetero-Integration of BST Varactor .

(Murata Mfg.)ﬂi BST is deposited at
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Transferred BST on LiTaO; SAW Wafer .

H. Hirano et al., IEEE International Ultrasonics Symposium 2014
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Bandpass Characteristic of Tunable SAW Filter .
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Demonstration Using Tunable SAW Filter .

Connected using TV band

v v
Cognitive wireless system  Cognitive wireless system Tunable SAW filter

(Terminal) (Base station) Antenna port

Tablet PC for interface connected to DA converter
the terminal cognitive wireless system

16 The cognitive wireless system was developed by NICT.



RF MEMS Switch with Glass Feedthrough Lid [}

Y. Liu et al. (Tohoku Univ.), IEEE MEMS ’01, pp. 220-223
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Glass Feedthrough Substrate (Tecnisco) .

T =Aa, 2008 v a~xw )

MEMSH AR K4,

pp. 684-688

Mechanically-drilled via holes

18

Metal wire insertion

Blazed material filling

Blazed material

Metal wire

Glass substrate

Metal film (Ti or Cr)
Blazed material (AQ)
Metal wire (Kovar)

Via hole
Glass substrate

Substrate

thickness: 0.3 mm
Via diameter: 0.3 mm
Via pitch: 0.6 mm



Anodically-Bondable LTCC Wafer .

S. Tanaka (Tohoku Univ.), M. Mohri (Nikko) et al., IEEE MEMS 2011, pp. 376-379
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Electrical Connection using Porous Au Bumps .

S. Tanaka (Tohoku Univ.), M. Mohri (Nikko) et al., IEEE MEMS 2012, pp. 369-372

LTCC wafer

N /T \
Au via N Porous Au bump

1) Production of LTCC wafer 2) Wet etching of LTCC wafer
to make cavities

/| [\
, Au/PYCr/ SiO, p |

SOl wafer

N

3) Wafer alignment 4) Anodic bonding with
electrical connection

Diaphragm o '
Glass-based filler was dissolved
by HF, leaving pores in Au

Porous Au bumps are spontaneously formed after etching the anodically-

- bondable LTCC wafer to make cavities, where MEMS is sealed.



Reliability of LTCC Anodic Bonding Package [
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Combo Sensors (2013)

Combo sensor:
3-axis accelerometer
3-axis gyroscope System in Package
3-axis magnetometer (e-compass) @ (SIP)

STMicroelectronics Bosch InvenSense

LSM9IDSO0 (4 X4 mm?) BMXO055 (3 X 4.5 mm?) MPU-9250 (3 x 3 mm?)
5 dies 5 dies 2 dies

- Accelerometer - Accelerometer - Integrated 6-axis

- Gyroscope - Gyroscope inertia sensor

- Magnetometer - Magnetometer - Magnetometer
-2ASIC -2ASIC

22 Photographs: Romain Fraux (System Plus Consulting)



InvenSense Realizing American Dream .

Bosch 3-axis gyroscope in mobile phones and
Sensortec Panasonic :
tablets (combo sensors not included)

0.1%
0-4% ]/ 2012 market share

Total: $422.8M
Yole Development, 2013

Steve Nasiri, FY2007 FY2008 FY2009 FY2010 FY2011 FY2012 FY2013 FY2014
o3Founder of InvenSense Growth in Revenue of InvenSense



Wafer-Bonding-Based Integration: Problems .

Steven Nasiri and Martin Lim,
InvenSense, Inc.

Market share ~20 %
for 3-axis gyros in mobiles (2013)
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Selective and Multiple Die Transfer .

(1) Wafer bonding

/ MEMS s Glass support wafer / Polymer

(2) Laser irradiation THG Nd:YVO, laser (A = 355 nm, ~ 1 W)

(3) Selective die transfer Reusable Reusable
A A

[ | [ |

25



FBAR and Sustaining Amplifier IC .

VSS VDD
W
Bias circuit I\
FBAR Oo—O ' I/>
Output Interconnect
A buffer bump (fly-cut)
(O _ L )
1 mm Sustaining Amplifier IC

Top electrode

AIN
Bottom electrode

&1 B | &

Air gap Au seal ring (fly-cut)
Si 2 mm

S. Taniguchi et al. (Taiyo Yuden),
26 IEEE Ultrasonics Symposium 2007

Designed and fabricated by
Asahi Kase1 Microelectronics



Selective and Multiple Die Transfer .

K. Hikichi et al., IEEE 2014 International Frequency Control Symposium, pp. 246-249
_~ FBAR (1x1mm?) ASIC (2% 2 mm?)

/

Multi-project LS| wafer
(Shot size 20 X 20 mm?)

Our ASIC

(2 X2 mm? X 4 dies)
Asahi Kasei Electronics
or Kyushu University

FBAR (1 X1 mm?)
Talyo Yuden

FBAR
(Dummy for bonding)

27 4 times of die transfer were demonstrated using the same MEMS wafer.



Integrated/Packaged 2 GHz FBAR Oscillator .

-100

-120

Phase noise (dBc/Hz)

-140

-160

-180

28

100

1K

10k

Carrier 1.9624 GHz

100k 1™ 10M  Offset (Hz)



MEMS Facilities in Aobayama Campus .

29 Microsystem Integration Center | S. Tanaka Laboratory Cleanroom



Epilogue .

30

* From proof-of-concept on small pieces to prototype development on 4 or
6 inch wafers

* Prototyped devices in Microsystem Integration Center can be basically
utilized for business, i.e. as commercial samples and provisional
products.

* For mass-production in small-to-medium volume, developed technology
can be smoothly transferred to our partner foundry, MEMS Core in
Sendai, Japan.

S. Tanaka Lab’s |
cleanroom Small piece

Micro/Nano-Machining
Research & Education 4 inch wafer
Center

Microsystem Integration _
Center 6 inch wafer




Please visit S. Tanaka Laboratory website
at http://www.mems.mech.tohoku.ac.jp/index_e.html
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