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Evaluation of vibration characteristics of MEMS tactile sensors
with replaceable bump interfaces
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Abstract
In this research, a method to replace the bump interfaces of the elastomer-encapsulated micro-cantilever type
MEMS tactile sensor have been developed to exchange various kinds of bumps. As a result of investigating the effect of
the bumps on the vibration response of the sensor, it was found that the frequency characteristics of the sensor
sensitivity change depending on the material of the bump interfaces. It is demonstrated to be possible to control the
frequency characteristics by exchanging the bump interfaces.
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Figure 1 (a) Schematic view and photographs of the MEMS tactile sensor with
(b) PDMS hemisphere, (c) PDMS cylinder, and (d) acrylic cylinder bumps
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Figure 2 Experimental system for frequency characteristic measurement
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Figure 3  Data processing of frequency characteristic measurement results,
(a) raw data, (b) amplitude spectrum, (c) strain vs applied vibration amplitude at a particular frequency;,

and (d) strain vs static normal force
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Table 1 Comparison of sensitivity ratio by bump shape and material

voungs | Average | Vertical | Average [ peyg Peak?
Bump modulus sensitivity sensitivity  |sensitivity ratio (N/mm) (N/mm)
(MPa) (ppm/mm) (ppm/N) (N/mm)

PDMS(10:1) Hemisphere 15 367.3 70 5.25 5.82 9.52
PDMS(10:1) Cylinder 15 655.4 1154 5.68 5.81 125
PDMS(5:1) Hemisphere 6 889.2 107.6 8.26 9.58 13.91
PDMS(5:1) Cylinder 6 448.1 66.6 6.73 8.44 9.71

Acrylic Cylinder 2300 2596.9 195.2 13.3 14.5 24.6

BABEFESILEEBXE 2023 FERFES BETRE [202333-34 BHAZE XFEFv2 /I X]



3ODH L F L N—DEE A F L DI FERZ S LICRHOTHAEER T2 &K 5 DL HIZRD. FHOHSIET
—ANEZEF L THWAHEHTH Y, ZOFOKERRTT —F O, X3P Z R, Sl m Lz
B EZEDOMBIOY L TRERLTND. ZORNS, 1 DOU L F L AA—DFE ERIEIC, YU 7R BRRE
VM TR N R E L RDMEMICH D, —F, REORIROFZEIZE L TIE, R UHE CTHERE MO R H
95 &, BEOREEBEEIR COFRMEIXFRE CH 5, MEERROEE TN < OO/ FVESFHAI ST
W5, ZHUIMHETIRZERICERIT 2 B — 2D, FERRIROBGE & i3 2 L OSFEEICS L TREL 2o
TNDEWVWOIRHZ R LTS, DF D, FMEOMHEZREEITFIRL Y =27 @Rm< D L0V R 5.

INODOFRERND, BV OKERBIZIT 2 EHRREE DR E SITREMEOMIENBRE D, RO
RIZBITIEBEIINZR OEAIRIN R 2 E— V7 HO KR E SITHES L 2 L nvbind.

w
(3]

30 —=—PDMS(10:1) Hemisphere
———PDMS(10:1) Cylinder
-s-PDMS(5:1) Hemisphere
20 ——PDMS(5:1) Cylinder

. Acrylic Cylinder

10 et
5

0
0 20 40 60 80 100 120 140 160 180 200

Frequency(Hz) PDMS(10:1) PDMS(10:1) PDMS(5:1) PDMS(5:1)  Acrylic

25

m
w
[=}

N
(&}

=y
[=}

Sensitivity Ratio(N/
= n
o o
-

Sensitivity Ratio(N\mm)

L

(&)

Hemisphere Cylinder Hemisphere Cylinder Cylinder
1.5MPa 1.5MPa 6MPa 6MPa 2300MPa
Figure 4  Sensitivity ratio for bump shape and Figure 5 Box-and-whisker plot of sensitivity
material as a function of frequency ration for 3 cantilevers
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