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The purpose of this study was to construct a pulse measurement platform specifically for
Drosophila. by making a MEMS force plate with unprecedented ultra-high sensitivity, we aimed to
realize a device that measures the pulse rate of Drosophila as well as humans from the vibration of
the plate.

The structure of the force plate consists of a planar coil spring and a base that supports it. When a
force is applied to the plate, the flat coil is deformed, and the vertical displacement of the center of
the plate is read by a laser displacement meter. The applied force is calculated from the previously
measured spring constant and Hooke's law. Considering that the frequency of the heartbeat of
Drosophila is approximately 5 Hz, the resonance frequency was set to be 50 Hz or higher.
Considering that the resolution of the laser displacement meter is 10 nm, the spring constant was
set to be approximately 5 N/m. This enables the realization of a force plate with a resolution of
approximately 0.05 pN.

The flat coil spring was cut from a square glass plate and shaped like an Archimedes spiral. The
plates are 25 mm on each side, and the central plate is 8 mm in diameter to ensure that it is large
enough to hold an object. The width of the coil and the width of the grinding area were 0.6 mm and
0.8 mm, respectively.

A 50 um-thick glass plate was machined using a UV laser cutter to fabricate a flat coil. The flat coil
was attached to an acrylic plate to prevent damage. To measure the resonance frequency, the
device was fixed on a vibrator and vibrated, and the amplitude was measured using an optical
heterodyne microvibration measurement system. The resonant frequency was calculated to be 75
Hz. Next, a load cell was placed on the piezo stage to measure the spring constant. A force was
applied by placing a needle attached to the load cell against the plate. As a result of the
experiment, the spring constant was calculated to be 5.99 N/m. The device was fixed and a laser
displacement meter was placed at the center of the plate to evaluate the noise, and the resolution
was calculated to be 0.04 pN.
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1. BIREARREEOBE

AMETIE, aoPaN\ I LRI TSR I —LEBET HEEFHMNELTZ, MEMS D7+ —RATL— & INETIC
BOVBEREICTEIET,. TL—rDRFMD ANERFICS a0 oaNIORAZHAT 2T /NM ADEIREZHEL]=,
T4—RATL—rD#EEIL, TEAMNNIERBRVEFNEZZSTEMLERINTLS. TL—MIARINBIETETmIASILNIER
L, ZOBOTL— DD EEDEMEL —YEREIZE>THRAIS. BRIAELIEREHRETVIDZEA NS, Nof=A
#EHTB 2aolaunIODAORKRRA S Hz THHZEEEEL, HIRFRHIE 50 Hz LI EIZHBLSIZEDT . &=, L
—ERET DR EREED 10 nm THAHZEEEEL, (TREFHITH 5 N/m [THBEIICESHT-. Thizky, 005N QS REEFS
DIF—RATL— AR TES.

TEIAMIVIEREZFEABDASARMSHEIY, TILFATADREERICHIRELTz. TL—HE—30 25 mm &L, FREIOTL—RE
NEPEH LT LIDICHRERESEER T AHERE 8 mm IZEREL-. /IVIBEHIYES DIEIEZENZE N 0.6 mm, 0.8 mm &L
[EE50 um DHSRTL—r%E, UV L—HFhyE2—Z2HWTHIZESICIMIL, FEIAAIILEZEEL-. BIaEH S, FEaqIiLiE
FOUIRICEEYF 1T =, RIRBRE#MOETAD=0, NATL—E2EICTNAREBELIRBZE X, XANTOSZAUBMNRENRIEE
BIZKYIRIBZEHAIL-. EROMKER, HIREFEUL 75 Hz LEHIN . RIZIEREHOFHA D, ETVRT—U D EIZO—F
TILEREL:. O—FEILIZHN=#HETL—FERIZH TAIETHENML-. EROFER, (FREHIL 599 N/m EEH SN T-.
Ft=, TNNARZBEEL, TL—rRDEICL—YERHEFRBEL T/ A ADFHEETo1=EC5, HEEEN 004 uN EEHEINT-.
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The purpose of this study was to construct a pulse measurement platform specifically for Drosophila. by making a MEMS force plate
with unprecedented ultra—high sensitivity, we aimed to realize a device that measures the pulse rate of Drosophila as well as humans
from the vibration of the plate.

The structure of the force plate consists of a planar coil spring and a base that supports it. When a force is applied to the plate, the
flat coil is deformed, and the vertical displacement of the center of the plate is read by a laser displacement meter. The applied force
is calculated from the previously measured spring constant and Hooke’s law. Considering that the frequency of the heartbeat of
Drosophila is approximately 5 Hz, the resonance frequency was set to be 50 Hz or higher. Considering that the resolution of the laser
displacement meter is 10 nm, the spring constant was set to be approximately 5 N/m. This enables the realization of a force plate
with a resolution of approximately 0.05 u N.

The flat coil spring was cut from a square glass plate and shaped like an Archimedes spiral. The plates are 25 mm on each side, and
the central plate is 8 mm in diameter to ensure that it is large enough to hold an object. The width of the coil and the width of the
grinding area were 0.6 mm and 0.8 mm, respectively.

A 50 y m—thick glass plate was machined using a UV laser cutter to fabricate a flat coil. The flat coil was attached to an acrylic plate
to prevent damage. To measure the resonance frequency, the device was fixed on a vibrator and vibrated, and the amplitude was
measured using an optical heterodyne microvibration measurement system. The resonant frequency was calculated to be 75 Hz. Next,
a load cell was placed on the piezo stage to measure the spring constant. A force was applied by placing a needle attached to the
load cell against the plate. As a result of the experiment, the spring constant was calculated to be 5.99 N/m. The device was fixed
and a laser displacement meter was placed at the center of the plate to evaluate the noise, and the resolution was calculated to be
0.04 uN.
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