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To detect cell healthies, mass and radical density of cell is an important
role to monitor cell’ s states. To measure the radical density in cell, the force measurement system
is useful by detecting electron magnetic resonances. For higher sensitivity in air, vacuum packaged
magnetic sensors and diamond nitrogen vacancy (NV) center on Si probes have been developed. The
magnetic sensor showed the detectable magnetic field of 2.4x 10-10 T. The probe with NV center is
usable for magnetic detection using optical methods based electron magnetic resonance. To measure
the mass changes of cell, an assembled micro-tube resonator for mass sensing in liquid is fabricated
and evaluated. Flowing liquid is injected as the evaluation of mass change detection performance of
the device. Self-oscillation experiment has been used for recording actual mass change based on the
resonance frequency shift with flowing liquid. Minimum mass resolution of the device is in the

value of 1.04 pg.



NV
NV

€))

Si cantilever/with magnet Si 7over
v

7/
Cr-Ti / ot

Glass substrate with cavities

Schematic diagram of the vacuum
packaged Si cantilever with a mounted
magnet based on anodic bonding

DPPH
ESR

Laser doppler
vibrometer

Glass < >lLens

N

Silicon -|1'—‘

[
~1X 1 mm?DPPH~" ! Kol
SchMag)el/

Magnetic field modulation coil

MRFM measurement setup with the
vacuum packaged cantilever sensor at
atmospheric environment



NV

(a) Sicantilever

\/X/-

Diamond thin film.

Si pillar

Si cantilever

Schematic diagram of a silicon

scanning probe with NV center in
diamond-thin-film

520nm

NV 600nm-800nm

2.87GHz

. Photomultiplier (PMT)
Optical fiber

Photoluminescence
<

Filters ===

CCD
Beam splitter

Illumination laser

Pin hole

Objective

XYZ stage Antenna

Confocal ODMR measurement setup

®

10um
35um

Cross section
of microtube

s | 200 Slit for
= |E conductive glue
VEVE
N
Groove ’b

part

Design and fabrication process of

assembled micro-tube resonator

€))

1.5um 20um
NdFeB

7.3x%
102 1.0x 10° Pa
1.1x 10°BN/V Hz 4.0

x 10° 2.4x 10T

2.4x 10 T

Getter Cr/Ti

Optical image of the overall view
fabricated vacuum packaged

of the
cantilever magnetic sensor (@), and
magnified top view of the cantilever after
the magnet mounting process (b)

DPPH

500MHz 1000MHz



2.0x 1011 7

2 1.5x 101 1

1.0 % 1011 1

orce signal

= 5.0% 10124

0.0 % 1012

500 600 700 800 900 1000
RF frequency (MHz)

ESR force signals in the DPPH sample
versus scanning radio frequency of the
coil at atmospheric environment

@ N
Silicon-on-insulator (SOI)
20um
MPECVD
lum
XeF2 Si
Y
NV
2.87GHz

NV

l)iamond—th}ﬂlm

V.
y
y

Kope .
ASilicon cantilever
y
y

30 pm

Diamond-thin-film

(a) SEM 1image of fabricated
scanning probe with selectively deposited
diamond-thin-film with NV centers. (b)
Enlarged image of the tip part with the
diamond-thin-film. (c) Enlarged side view
of diamond-thin-film. (d) Enlarged top
view of diamond-thin-film.
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