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Development of dynamic nuclear polarization magnetic resonance force microscope
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We developed ultrasensitive high-frequency electron spin resonance
technique and terahertz magnetic resonance force microscopy. With use of fiber-optic Fabry-Perot
interferometry, a tiny sample on the order of 100 ng could become possible. Our technique was
applied to hemin, a model substance of hemoproteins in frequencies up to 0.5 THz, and precise
determination of zero-field splliting parameters was made.

In addition, three-axis piezoelectric translational stage for low-temperature and high-field
eperiments were developed. By sweeping a magnetic-tip holding cantilever over the sample surface, we
succeeded in spatially resolved ESR measurements at liquid helium temperature.

DNP



NMR

1/1000
NMR

Dynamic Nuclear Polarization

DNP
NMR
NMR
NMR
DNP
80-240 GHz
DNP
100W
NMR
MRFM
ESR NMR
DNP
NMR
MRFM DNP
MRFM 10 GHz
ESR
ESR
DNP-MRFM
ESR
94GHz
DNP-MRFM RF
DNP

ESR

MEMS
ESR
DNP
NMR RF
DNP
MRFM
3
(MRFM)  DNP
MRFM
DNP
Bc NMR
ESR
NMR
1/1000
Fabry-Perot
2
0.01 N/m



ESR

DNP-MRFM

RF

1w

NMR
adiabatic

RF

NMR

ESR

1 mm
RF

interrupted cyclic
RF

RF
adiabatic rapid

passage
NMR
LabVIEW
DNP

AMC active multiplier chain

AMC 90-96

GHz 200 mW

1w
MRFM

MRFM

stick-and-dlip

10T

ESR

Fabry-Perot

4.2 K

5200 — -
1.5FS  |B,0404T _»

gltltm

:;. g=5.51

- = Ll . 130 GHz

>= 1.0+ v 0 1 2 | o

— Magnetic field(T) | \__—"

Ei )

& g 140 GHz
05F e
(,‘() - i L 1

0.0 0.5 1.0 1.5 2.0
Magnetic field (T)
1
0.1 pm/HZ"?
1
Fabry-Perot
1
1
ESR
2um  0.3um
MEMS




2 2 um
ESR
160 GHz ESR
0.3 um
DNP-MRFM
NMR
RF
adiabatic
rapid passage
RF
FPGA RE
RF
NMR
0.1 N/m
NMR MEMS
PIN AMC
90-96 GHz 1W
180-192 GHz 200 mw
MRFM
MRFM 3
stick-and-dlip
42 K
\Y
nm
2mm
ESR
ESR DPPH
ESR
3

3
ESR
ESR
ESR
lug 3
g=2.1
0.39THz 15T _
100 ng
ESR g=6
0.5 THz
4
D=6.9 cm*
10° sping/G
2
ESR
800
700
600
N 500
o
O]
4001
&
§ 300 7
3 Hemin
LtZUO- g,=9,=198,g,=200 |
p=72cm', E=0.0cm’
100
_~B,,=048T
%0 2 4 6 8 101214 16
Resonance field (T)
4: ESR



7

Tsubasa Okamoto, Hideyuki Takahashi, Eiji
Ohmichi, Hitoshi Ohta
“Force-detected ESR measurements in a terahertz
range up to 0.5 THz and application to hemin”

Applied Magnetic Resonance 48 435-444 (2017).
doi: 10.1007/s00723-017-0872-2

E. Ohmichi, Y. Tokuda, R. Tabuse, D.
Tsubokura, T. Okamoto, and H. Ohta
“Multi-frequency force-detected electron spin
resonance in the millimeter-wave region up to
150 GHz”

Review of Scientific Instruments 87 (2016)
073904/1-9.
doi: 10.1063/1.4959152

Hideyuki Takahashi, Tsubasa Okamoto, Eiji
Ohmichi, and Hitoshi Ohta
“Wide-dynamic-range cantilever magnetometry
using a fiber-optic interferometer and its
application to high-frequency electron spin
resonance spectroscopy”’

Applied Physics Express 9 (2016) 126701/1-4.
doi: 10.7567/APEX.9.126701

T. Okamoto, H. Takahashi, E. Ohmichi, and
H. Ohta
“Development of Ultrasensitive Terahertz ESR
Spectroscopy for Metalloprotein Using a
Microcantilever”
Journal of Infrared, Millimeter, and Terahertz
Waves 37 (2016) 1173-1184.
doi: 10.1007/s10762-016-0305-6

Eiji Ohmichi, Tsubasa Okamoto, Masaaki
Mitani, Hideyuki Takahashi, Hitoshi Ohta
“High-frequency electron paramagnetic
resonance of metal-containing  porphyrin
compounds using a microcantilever”

Journal of Inorganic Biochemistry 162 (2016)
190-193.
doi: 10.1016/j.jinorgbio.2016.04.016

H. Takahashi, E. Ohmichi, and H. Ohta,
Mechanical detection of electron spin

resonance beyond 1 THz"

Applied Physics Letters 107 (2015) 182405/1-3.

doi:10.1063/1.4935204

20

2017.3.18

Eiji Ohmichi, “Development of mechanically
detected electron spin resonance technique”,
Molecular  Photoscience = Research  Center
International Symposium “Recent Advances in
Terahertz Molecular Science”, 2017.3.6, Kobe
University (Hyogo)

2016.10.26

2016.9.12

2015.9.19

ESR
2015.3.23

ESR
2015.3.22

E. Ohmichi, “Recent advances in cantilever
detected ESR technique”, APES-IES-SEST2014,
2014.11.14, Todaiji Culture Center (Nara)

(1)
OHMICH]I, Ejji
00323634

(2

(3)

OHTA, Hitoshi

70194173

C))



