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M EMS® '71/ \ MEMS with moving or suspended

o o s Device wafer Stijcglijrreeci molding with plastics is
/\ » — N ) .
l/ )l/l \ JIT 7 | Impossible.

>7 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 expensive ceramic

packages etc.)

Hermetic sealing
Electrical feedthrough
Vacuum level

Long term reliability

AT

Mounting & wiring
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Cong Liu et al. (Tohoku University), Microsystem Technologies, 25, pp. 487-497 (2019)
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Leeson’s equation D. B. Leeson, Proc. IEEE (1966) 329

945‘?7‘;'&% In band Out of band _
o 5 w, Carrier frequency
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'I’i Fig 20Aw [Aw| F Noise factor x Gain

P, Power of amplifier
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Closed loop term

Phase is kept constant by PLL 2000
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M o Yukio Suzuki et al., IEEE MEMS 2017, pp. 744-747
EMS/\WAr— [ ExTECH, ha# LUb RAHF AT, mRy b o —LICk Z2< fll, 2016/11/2
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S. Tanaka, H. Fukushi (Tohoku University), Transducers 2015
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Thin film getter c 5 & No getter
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0.4

Anodic bonding on different PaGe <-————— g > PaGe | Ti

0.3
condltlons (e.g. 400°C, 600 V)

0.2
' No. 1-5 EVG

Sealing pressure (kPa)
\

‘H!TTT 1 1 1T

No. 6-10 SussMicrotec

*

No. 6 N, purge X1

Getter area 1.44 mm?2

Detection limit (80 Pa)

*

No. 7-10 N, purge X3 0.4 ;
= - 03 PaGe <— - === ———mmmm > PaGe ! Ti
Cavity volume 0.26 or 0.43 mm?3 0'2 I
— Larger volume, lower pressure 0.1 ! :
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K. Ikeda et al. (Yokogawa Electric), 7th Sensors Symposium (1988) 55

1) Si etching R

(100) n-Si Si02

Electric Terminal —
Magnetic field 7
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epitaxial growth

R /
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3) SiO2 etching ﬁ PiBRHragI
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4) p-Si selective etching — _ o W

‘_J/F:_-——-Jj Ny Pulse — lo "

v Generator i M
5) n-Si epitaxial growth
(Sealing) ‘/,———__\ L
'\_j&:
H2

6) Aneeling in N2 N

(Vacuum cavity) Y d(_

Micro Electro Mechanical Systems Lab

Tanaka Shuji Laboratory




B K% EiEE

T4 1E D HI -

SiTime=2 0wy

48 MHz Resonator

5) Metalization

Ty

Sealing in an epitaxial
reactor (clean and
Y high temperature)
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2) Deposition of Sacrificial SiO, and Si 5) Sng by Epi-poly Si B3, w8, 77 (2007) 37
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S " Tsutomu Sato et al. (Toshiba), Jpn. J. Appl. Phys., 43, 1 (2004) pp. 12-18
lHicon-on- Spherical ESS (c) Plate-shaped ESS

NothingHz iy ﬁ ﬁ ? o - -

Plpe shaped ESS

ESS: Empty-Space-in-
Silicon

A cavity is formed by silicon
migration during high-
temperature hydrogen
annealing.

1100°C,10Torr,10min 1150°C,10Torr,10min
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STMicroelectro
nics-[E At

Si substrate

DRIE making hole array

Si deposition and Si reflow
by vacuum annealing

VENSENS (VENice SENSor) process

20 STMicroelectronics
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- - Y. Suzuki et al. (Tohoku University), IEEE MEMS 2020, pp. 994-997
S 1licon (a) (b) ©
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H. Suzuki et al. (Tohoku University), IEEE MEMS 2022, pp. 565-568

Swvs-wLPZo S
- Cavit Needle Bl = e diaphragm was
txd)ﬁﬁﬂﬁ%ﬁ \yA( / B mechanically broken in the

chamber of TDS (thermal

desorption spectroscopy)
(ESCO, Japan).
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H, diffusion time (h) Elapsed time (min)
Measured by “Zero Balance” Below detection
method reported in Microelectron.

Reliability, 54 (2014) pp. 875-881  IMit (~10 Pa)
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- - Y. Suzuki et al. (Tohoku University), IEEE MEMS 2020, pp. 994-997
S 1licon (a) (b) ©

Migration m
Seal I n g (S M S) Release holes Bonding SiO,

Wire bond pad
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Silicon migration

LR lBRy we. sbk S II—
H, annealing at 1100°C for 20 min
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M. J. Khan et al. (Tohoku University), IEEE MEMS 2023

Drive comb electrodes

Tuning fork resonator

MEMS resonator
with SMS WLP without cap

Release holes
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S. Suzuki et al. (Tohoku University), Transducers 2023
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Frequency (Hz)

23852

Frequency characteristic of SMS-
WLP resonator

23860

Q factor

The package was leaked by
FIB drilling, and then Q

factor
changing pressure
vacuum chamber.
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Mode matching of multiring
resonator fabricated on (100) Si
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