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Device level vacuum packaging technologies of MEMS gyroscopes
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Abstract; The high vacuum acquisition and vacuum maintenance of device-level vacuum packaging for
MEMS gyroscopes are studied to increase their quality factors and stability. The relationship between
error signals and quality factors is analyzed based on the dynamics equations of Z-axis MEMS gyro-
scopes and the air damping of gyroscopes with high quality factors is analyzed using rarefied gas dy-
namics theory. The changes of quality factor of an early vacuum packaged gyroscope are analyzed, and
the result shows that residual gasses in vacuum cavity result in the decreasing of vacuum level. A tem-
perature programmed desorption-mass spectrometry (TPD-MS) is used to measure the contents of the
evolution gases for the ceramic packages and the lids. According to the contents of trapped gases, the
reasonable getter is chosen to absorb the gases and to keep the vacuum level of the cavity. Finally, the
device-level vacuum packaging process is improved. The test results show that the quality factor of the
gyroscope packaged with a new device-level vacuum packaging process is about 162 660, which is a-
bout 14 times those of previous vacuum packaged MEMS gyroscopes, and the change of quality factor
is less than 0. 05% within one year.
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Fig.1 Sketch of MEMS gyroscope
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Fig. 2 MEMS gyroscope packaged with ceramic
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Tab.1 Quality factors of gyroscopes with getters

W 1 W 2 Ml 3
1 35278 144 820 65 849
2 31 785 157 051 67 587
3 41 480 149 287 59 743
4 37 928 148 970 61 732
5 38 957 151 074 54 670
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Fig. 6 Device level vacuum packaging process
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