B1 Piezoresistive pressure sensor
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Packaging of pressure sensor Pressure by Fujikura Ltd. Pressure sensor applied for engine control

Reference : LIgarashi, Piezo—resistive Effect of Ge and Its Application to Strain Gages, Applied Physics, 29 (1960) pp.73-78
O.N.Tufle (Honeywell), Silicon Diffused—element Piezoresistive Diaphragms, J. of Applied Physics, 33 (1962) pp.3322-3327)
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Reference : M.Esashi, Y.Matsumoto and S.Shoji, Absolute Pressure Sensors by Air—tight Electrical Feedthrough Structure,
Sensors and Actuators, A21-A23 (1990) pp.1048-1052



B2 Integrated capacitive pressure
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Monolithic capacitive pressure sensor N
Wafer level packaged integrated capacitive pressure sensor (Tohoku Univ. — Toyda Machine Works)

(This sensor was used for filter clogging detection of air conditioner for about 20 years)
Reference : Y.Matsumoto, S.Shoji and M.Esashi, A Miniature Integrated Capacitive Pressure Sensor, Extended Abstracts of
the 22" International Conference on Solid State Devices and Materials (1990) pp.701-704
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Integrated Capacitive Pressure Sensor by Si Direct Bonding

Reference : S.Shoji, T.Nisase, M.Esashi and T.Matsuo, Fabrication of an Implantable Capacitive Type Pressure Sensor, The
4th Int. Conf. on Solid State Sensors and Actuators (transducers’ 87), (1987) pp.305-308




B3 Resonant pressure sensor (Yokogawa Electric Work)
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Reference : Klkeda, H.Kuwayama, T.Kobayashi, T.Watanabe, T.Nishikawa and T.Yoshida, Silicon Pressure Sensor with
Resonant Strain Gages Built into Diaphragm, Tech. Digests of the 7th Sensor Symposium (1988) pp.55-58



B4 Capacitive vacuum sensor
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Vacuum encapsulation by anodic bonding with getter
Reference : M.Esashi, S.Sugiyama, K.Ikeda, Y.Wang and H.Miyashita, Vacuum—Sealed
Silicon Micromachined Pressure Sensors, Proc. of the IEEE, 86 (1998) pp.1627-1639
Reference : H.Henmi, S.Shoji, Y.Shoji, K.Yoshimi and M.Esashi, Vacuum Packaging for Micro—
sensors by Glass—Silicon Anodic Bonding,, Sensors and Actuators A, 43 (1994) pp.243-248
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Dual diaphragm vacuum sensor
Reference : K.Hatanaka, D.Y.Sim, K.Minami and M.Esashi, Silicon Diaphragm
Capacitive Vacuum Sensor, Tech. Digest of the 13th Sensor Symp.,(1995) pp.37-40
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Electrostatic servo vacuum sensor
Reference : H.Miyashita and M.Esashi : Wide Dynamic Range Silicon Diaphragm Vacuum
Sensor by Electrostatic Servo System, J. Vac. Sci. Technology, B18, (2000) pp.2692-2697
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Reference : B.Larangot, S.Tanaka and M.Esashi, Fabrication of Anti—Corrosive Capacitive
Vacuum Sensors with a Silicon Carbide/Polysilicon Bi-Layer Diaphragm and Electrical

Through—Hole Connections on the Opposite Side, Trans. IEE of Japan, 128-E (2008) pp.331-336



Bs Capacitive vacuum sensor products (Canon ANELVA, Daiavac)
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Reference : H. Miyashita, Y. Kitamura, Micromachined Capacitive Diaphragm Gauge, Anelva Technical Report, 11 (2005)

pp.37-41 (in Japanese)
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B6 MEMS microphone
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Driven Shield MEMS Microphone (Tohoku Univ. = Matsushita Communication Industry)

Reference : M.keda, N.Shimizu and M.Esashi, Surface Micromachined Driven Shielded Condenser Microphone with a
Sacrificial Layer Etched from the Backside, Tech. Digest of the Transducers’ 99, (1999) pp.1070-1073
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January 23-27, 2011, pp605-608 0.0002Pa —— 20dBseL

MEMS microphone used for smartphone (Knowles)  Wide dynamic range MEMS microphone (Omron)

Reference : Nikkei Micro Device, 248 (2006/2) p.38) in Japanese
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B7 MEMS microphone wafer (Nisshinbo Micro Devices)

Capacitiv MEMS microphone chip (New Japan Radio)

MEMS microphone chips on a 8 inch wafer (20 cm in diameter) (20,000 chips)




B8 MEMS microphone for humid environment
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MEMS microphone for broadcasting (NHK — Tohoku Univ. — Panasonic)
Reference : T.Tajima, T.Nishiguchi, S.Chiba, A.Morita, M.Abe, K.Tanioka, N.Saito and M.Esashi, High—performance Ultra—small
Single Crystalline Silicon Microphone of an Integrated Structure, Microelectronic Engineering, 67-68 (2003) pp.508-519
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Si microphone using inorganic electret for humid environment (NHK, Kobayashi Inst. of Physical Research, Rion)
(Hands—on—Access Fab. Was used)

Reference : M.Goto et.al, Si electret condenser microphone with inorganic electret, IEEJ Trans. 132-E (2012) 309-315)



Bo Capacitive accelerometer for automobile
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Accelerometer with electrostatic servo controller (Hitachi)
Reference: S.Suzuki, S.Tuchitani, K.Sato, Y.Yokota, M.Sato and M.Esashi : Semiconductor capacitance type accelerometer
with electrostatic servo controller, Sensors and Actuators, A21-23, (1990) 316-319
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Accelerometer with A2modulation (Ford motor, USA)

Reference : L.(Chip) Spangler and C.J.Kemp, ISAAC—Integrated Silicon Automobile
Accelerometer, Transducers’ 95 (1995) pp.585-588
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Monolithic integrated accelerometer (Analog Devices, USA) (Wafer and chips are in A12)
Reference : KH.—L..Chau, S.R.Lewis, Y.Zhao, R.T.Howe. S.F.Bart and R.G.Marcheselli, An Integrated Force—Balanced

Capacitive Accelerometer for Low—G Applications, Transducers’ 95 (1995) pp.563-596
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Bio Wafer of accelerometer by surface micromachining (Analog Devices USA)
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B11 Various accelerometers

Piezoresistive accelerometer (Panasonic Electric Works)

Reference : High—accuracy high—reliability MEMS accelerometer, Technical Report of Panasonic Electric Works (Nov.2003)
pp.15-21
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Narrow gap capacitive servo accelerometer (Tohoku Univ. — Samsung)
Reference : G.Lim, S.Baek and M.Esashi : A New Bulk—Micromachining Using Deep RIE and Wet Etching for an Accelerometer,
Trans. IEE of Japan, 118-E (1998) pp.420-424
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Resonating accelerometer
Reference : H.Hashimoto, K.Minami and M.Esashi, Silicon Resonant Accelerometer, Technical Digest of the 13th Sensor
Symposium (1995) pp.181-184
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Gap of variable capacitor SODIC wafer § )

Capacitive accelerometer using deep RIE of SOt.wafer with thick bried oxide (Tohoku Univ. — Daimler—Chrysler)
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Bi2 Integrated capacitive accelerometer
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Integrated Capacitive Accelerometer
Reference : Y.Matsumoto and M.Esashi, Integrated Silicon Capacitive Accelerometer with PLL Servo Technique, Sensors

and Actuators A, 39 (1993) pp.209-217
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Reference : T.Shirai, M.Esashi and N.Ura, A Two—Wire Silicon Capacitive Accelerometer, Electronics and Communications in

Japan, Part 2, 76 (1993) pp.73-83
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Diode bridge Integrated capacitive accelerometer

Reference : Y.Shoji, M.Yoshida, K.Minami and M.Esashi, Diode Integrated Capacitive Accelerometer with Reduced Structural

Distortion, Transducers’95 (1995) pp.581-584
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B13 J—axis accelerometer PRI —
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Capacitive 3—axis accelerometer (Tohoku Univ. — Tateyama Kagaku)

Reference : M.Mizusima and M.Esashi : Capacitive 3—axis Accelerometer Using
SOI Wafer, Technical Digest of the 17th Sensor Symposium, (2000) pp.225-230
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Capacitive 3—axis servo accelerometer (Tohoku Univ. — Kobe Steel)
Reference : K.Jono, K.Minami and M.Esashi, Electrostatic Servo Type Three—axis Silicon Accelerometer, Measurement

Science and Technology, 6 (1995) pp.11-15
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Electrostatically levitated spherical 3—axis accelerometer (Ball Semiconductor — Tohoku Univ.)

Reference : R.Toda, N.Takeda, T.Murakoshi, S.Nakamura and M.Esashi : Electrostatically Levitated Spherical 3—Axis

Accelerometer, Technical Digest MEMS’2002 (2002) pp.710-713
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B14 Electrostatically levitated rotational gyroscope
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H.W. Kaoebel: “The Electric Vacuum Gyro", i 2

Control Engng, 11, 2, p 70, (Feb. 1964). &
The Electric VYacuum Gyro Is a high precision 2- '
axis gyro for inertia navigation systems. A metal —
spherical rotor is levitated by high electric field in L
high vacuum {10-% — 10 mmHg) and rotated. = “\;V . s -
The friction by mechanical supports are o | ey il
eliminated and hence high precision and low %V
drift are achieved. This method was invented by o
Prof. A Nordsieck in University of Illinois during o o e
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for Polaris submarine.
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Electrostatically levitated disk rotor type rotational gyro
(Tohoku University — Tokimec (at present Tokyo Keiki))
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Ref. : K.Fukatsu, T.Murakoshi and M.Esashi, Electrostatically Levitated Micro Motor

- Electrostatically levitated ring rotor type
for Inertia Measurement System, Tech. Digest of the Transducers’ 99 (1999) p.1558

rotational gyro (large ring & small ring type)
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Electrostatically levitated ring rotor type rotational gyro (2 axis rotation and  Application to motion logger used for
3 axis acceleration) (Tohoku University — Tokimec (at present Tokyo Keiki))  subway in Tokyo

Reference : T.Murakoshi, Y.Endo, K.Sigeru, S.Nakamura and M.Esashi: Electrostatically levitated ring—shaped rotational—
gyro/accelerometer, Jpn. J. Appli. Phys., 42, Part1 (2003) 2468-2472
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