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5-Axis Motion Sensor using SOI Wafer and the Design Method
Kazuhiro Okada™, Member, Tetsuya Kakutani*®, Non-member, Yoshiyuki Matsu*, Non-member,
Yoshiyuki Watanabe™ *, Member, Toshiaki Mitsui* *, Member, Takashi Mineta® * *, Member,
Susumu Sugiyama™™*** Member

This paper presents a 5-axis motion sensor that can detect 3-axis acceleration and 2-axis angular rate capacitively. This sensor
is fabricated by SOI bulk-micromachining, and is sealed vacuum by anodic bonding and activation of the non-evaporated getters.
By applying Z-axis reference vibration of a proof mass with an electrostatic force at resonant frequency, 5-axis motions can be

detected capacitively at non-resonant detection mode. How the resonant frequency of driving direction and detection direction of

this sensor changed by size of the weight, beam width, beam thickness and beam length, was clarified. Three samples were made

by this design method, and acceleration characteristic and angular rate characteristic were measured, and the effectiveness was

shown.
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Fig. 1. Sensor structure.

Upper glass

Electrode

Si pillar

Lower glass

(b) The upper electrode

(a) The lower electrode

2 T AEMH D OIEECRR ST

Fig. 2. The wiring from glass substrates to the outside.
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Fig. 5. Fabrication process sequence of the sensor.
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(b) The case in which the Fz applied
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Fig. 6. Mass movement in the acceleration.
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Fig. 7. Circuit block diagram of 5-axis motion sensor.
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Fig. 8. The dimensions of the analysis model.
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Table 1. The correlation coefficient of the approximation.
o The correlation
The approximation coefficient (R)
. fx a/x"0.5+b 0.999072
Mass thickness (Mt)
fz a/x"0.5+b 0.999939
. fx a/x"0.5+b 0.998536
Mass width (Mw)
: fz a/x"0.5+b 0.999681
X fx a*x .5+b 0.999920 -
Beam thickness (Bt)
fz a*x"1.5+b 0.999929
Beam length (BI) fx a/x"1.5+b 0.999965
eam len;
fz a/x"1.5+b 0.999993
. fx a*x"0.5+b 0.999983
Beam width (Bw)
fz a*x"0.5+b 0.999951
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Table 2. The resonant frequency of the samples.

Beam Resonant frequency (kHz)
Length X-axis Y-axis Z-axis
Measured 3.69 3.61 3.77
Sample A 0.6mm
FEM 3.52 3.52 3.64
Measured 375 3.82 3.97
Sample B 0.5mm
FEM 3.73 3.73 3.84
Measured 4.11 4,03 431
Sample C 0.4mm
] FEM 3.93 3.93 4.16
#3 3 EEERE
Table 3. 3-axis acceleration characteristics.
Sample A Sample B Sample C
Sensitivity X-axis 320 310 270
(mV/G) Yeaxis 350 290 280
Z-axis 870 850 800
X-axis <3%
Non-lineart ;
(%ES.) ty Y-axis <3%
Z-axis <2%
Sample B Ax Ay Az
Cross-axis X-axis 100 23 41
sensitivity -
(%ES.) Y-axis 49 100 4.6
Z-axis 0.9 22 100
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Table 4. 2-axis angular rate characteristics.

Sensitivity
(mV/deg/sec) Sample A Sample B Sample C
Qx 9.1 6.4 6.5
Qy 8.3 6.9 6.2
10° ¢
3
g 3
T 10° L
& b
—o—6V+8Vpp
—4&—6V+6Vpp
—8— 6V-+4Vpp
102 b1 1 g T O IO T R L 1l
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Degree of vacuum (Torr) :

13 EZEEE QE L DBf%
Fig. 13. The relationship between degree of vacuum and

Q-value.
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