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Single-crystal diamond (SCD) for micro/nanoelectromechanical systems (MEMS/NEMS) has
attracted a lot of interest because of their numerous outstanding properties, such as the highest Young’s
modulus, the highest thermal conductivity, and low intrinsic dissipation. !> Resonant cantilevers with
high-frequency and high-quality (Q) factor hold great promise for high-sensitivity and high-resolution
sensors. * Under practical use, resonators are always operated in atmospheric air, and this environment
significantly impacts their O-factor in comparison to vacuum conditions. > For MEMS cantilevers, air
damping is very pronounced, particularly in the fundamental resonance mode. ® However, the resonant
behavior in high-order modes of SCD cantilevers against pressures has not been reported yet.

In this work, we fabricated diamond Intrinsic Molecular

cantilevers 7 and investigated the effect of 7 AR I A I ER I s
gas atmosphere on Q-factor in high-order 6L Py —@— 1** order
resonance of SCD MEMS cantilevers. As 0*"‘0\0__ O/ —0— 2" grder
shown in Fig.1, the O-factors of a 120 pm mCD 5L 9—0__ o d J
long SCD microcantilever in three ° \ —9— 3" order
different resonance modes (1st, 2nd, and 3_.(_,4 L 0/0—0\0_ SCD Cantilever |
3rd), are plotted as a function of the s L=120 pm
ambient pressure varied from high vacuom & 3F ™ 39 ordder | .
(10 Pa) to atmospheric pressure (103 Pa). g S M 9-9-9-0-0-0-0-0-0 g\o

The inset demonstrates the relative [z 2T = O_O_O_O_Q_i'j:_g_r dex > 1
stability of the resonance frequency (f) QI] 1L g 1* order i |
versus gas pressure for all the three modes. , [ 2000-0-0-00-0-0 % Q__

The Q-factor of the high-order modes is ot 10 10 ‘; (]‘)“;]) o \8"‘:9_0 i
found to be nearly constant up to pressures il i vl vl e il vl id ol
between 10 to 10° Pa and then decreases -5 -3 -1 1 3 5
to less than 1,000 in 10° Pa, similar to the 10 10 10 10 10 10
fundamental mode. Compared to the Pressure (Pa)

high-order modes, the first mode has
higher Q-factors in vacuum (intrinsic
regime). Nevertheless, the high-order
modes in the molecular and viscous flow
regimes (P > 10' Pa) exhibit higher
O-factors than the fundamental mode.
Hence, in low-vacuum and atmospheric
environments, the high-order resonance modes provide a profound sensitivity improvement for MEMS
sensing devices, attributed to the much higher /*Q product.

Fig. 1. Pressure dependence of (-factor and
resonance frequency (inset) of a 120 pm-length
SCD microcantilever in the first three vibrations
orders. The range of pressures is divided into
intrinsic, molecular flow, and viscous flow regimes
for gas damping of a cantilever.
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