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Abstract

Reliability of MEMS devices is receiving more attention as they are heading towards commercial
production. In particular are the reliability and long-term stability of wafer level vacuum packaged MEMS
gyroscope sensors subjected to cyclic mechanical stresses at high frequencies. In this study, we carried out
several reliability tests such as environmental storage, fatigue, shock, and vibration, and we investigated the
failure mechanisms of the anodically bonded vacuum gyroscope sensors. It was found that successful vacuum
packaging could be achieved through reducing outgassing inside the cavity by deposition of titanium as well
as by pre-baking process. The current gyroscope structure is found to be safe from fatigue failure for 1000
hours of operation test. The gyroscope sensor survives the drop and vibration tests without any damage,
indicating robustness of the sensor. The reliability test results presented in this study demonstrate that MEMS
gyroscope sensor is very close to commercialization.
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Fig. 1 Cross section view of vacuum packaged MEMS
gyroscope chip
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4000 — . Table 1 Leakage rate beforefafter high temperature
High Temp Soak (85 €) storage test (85°C, 0% RH) of 10 gyroscope
= 0 chips
3000 m 120
240 After storage test
5 “ : 350 Before storage tast (85°C, 0 %R, 120he)
T 00 N SPLNo tezk rate x10° SPLNo Leak rate x18°
‘L? {atm cois alr) {atrn eels aisy
g \h 1 208 u 208
1000 2 172 12 208
3 158 13 181
4 1.72 14 183
o i x : : 5 164 15 192
o 120 240 260 ] 128 18 182
Time [m.] 7 138 17 1.78
8 120 18 175
9 128 13 178
Fig. 2 Variation of Q-factor for a total of 10 gyroscope 0 139 P 168
chips during high temperature storage test (85°C, Average 153 Average 165
0% RH)
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Table 2 Amounts of gas evolution inside the cavity
measured with TPD-MS before/after high
temperature storage test

Amount of gas evoiution {ul}
Gas species Before storage Test After storage Test
. (85°C, 120 hr)

H0 2814457 2973787

Ny 0.042052 0.163977

[0 0.000012 0008141

Ar 0.001080 0.001945

Total 2857602 3.147849
fAveraga per one 0.714401 0.786962

sample

Table 3 Amounts of gas evolution for used SOI wafer,
glass wafer, and glass wafer after fabricated
with sandblaster

Amount of gas evolution (ulicm?)
Cas species SOl wafer Glass wafer Class wafer
after sanding
H,0 001760 028156 1.02051
CaHs* 0.01070 0.00528 0.02453
CO, 000423 002522 001636
CqHyO* 0.00233 0.00049 003595
Benzene 000045 0.00030 0.00051
Qrganic gas 000100 0.00055 0.00125
Total 003631 0.31340 1.09911
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Fig. 4 Evolution of H,O with increasing temperatures for
SOI, glass, and glass wafer with sandblasting
process

Table 4 Amounts of gas evolution inside the cavity
measured with TPD-MS after applying Ti/Au
coating layer on the surface of glass wafer

Gas species Amount of gas evolution (uf}
H0 0671802
Ny 0.095802
0 0.000506
Ar 0001243
Total 0.767000
Average per one sample 0.191750
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Fig. 7 Schematic drawing of spring and comb structure
in partial view of MEMS gyroscope
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Fig. 8. Schematic drawing of displacement boundary
condition- and coordinate system for stress
analysis
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