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Deployment of nanocomposite thin films with tunnel magneto-dielectric effect as
novel functional biosensors

Masumoto, Hiroshi
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The "tunnel magneto-dielectric (TMD) effect” that can control the
dielectric constant by changing the magnetic field found by our group can be generated by
nano-composite films in which magnetic-metal nano-particles are dispersed in a ceramic matrix. In
this study, we aimed to conduct fundamental research to step up the nano-composite films to the next

stage of applied research for new biosensors, and clarified that it has biosafety and bioactivity.
In addition, as peripheral technologies, we have succeeded in fabricating organic nanocomposite thin
films using organic matter as a matrix, compositionally graded nano-composite films that can be
used in a wide band, and spherical particle-dispersed nano-composite films that enhance the
directivity of properties.



FeCo-MgF2

[DOI:10.1038/ncomms5417]

(TMD)

Nature Communications

(TMD)
TMD
TMD
@ ) @ -
@ TMD
(©))
®
- PTFE -
— (TMD)
TMD TMD
Fe 4
( : PTFE) Fe-F-C
TMD
TMD
2
0.4 T T T 04 T T T T T T
@ €SS -TMD
& =8
ol 2,031 .
i) Fe28at.% o | CsS-TMR
o 5MHz ] ~o®
e goa 0 SN
: s 1/ d R
EO.I E 0.1 , ‘ \ E
CS-TMR

0

-5 0 5
Magneticfield, H / kOe Fe contents/ at.%

1 Fe-F-C ( )TMD
( YTMR, TMD  Fe

.0
10 10 15 20 25 30 35 40 45



TMD
TMR

TMD
Co

A|203 SrTi03 Si02 TMD
Co- A|203

T™MD
2020 TU-TaipeiTech Joint Symposium

2021 Excellence Presentation Award MRS-J MRM2021
Poster Award 2021 Graduate Student Award

o 400
o 450
° 500
— (M/Mggp, )2 fitting

TMD ratio (%)

0'0-800 400 0 400 800

Magnetic field, H/ kA m1

2Co-ALO, TMD

TMD

TMR TMD
Co Co-BaF;

TMR TMD

TMR 5 kOe
v=4rpm TMR v =5.5rpm

T™D
TEM TMD t
2022 International Magnetics Conference Best Poster Award

Co-BaF, TEM



TMR ratio (%)
A s

!
o
T

TMD ratio, Ag - & ' (%)
~N w £ o
- ;
.

e a— 0 5 1 % 05 10 15 ‘L% 25 %30
Magnetic field, H/kOe BaF, thickness /nm
TMR TMD
TMD
TMD
MC3T3-E1 HGF-1
Co-MgF, ™D
MC3T3-E1
HGF-1 TMD
Ti-MgF,-2 Ti-MgF.-3
14 ALP Ti-MgFa-
Ti-MgF-3 TMD
TMD
in vitro
TMD

. 8- * % TI.

o = mm Ti-MgF,-2

E Ti-MgF5-3

E - mm Ti-Co/MgF,-2

° *k

£

g 4- * % |'_|

2 |

2 1

o

-

<, l_-

7d 14d 21d
7 14 21 MC3T3-E1 ALP



14 14 1 6

Cheng Wang,Yang Cao,Nobukiyo Kobayashi,Shigehiro Ohnuma,Hiroshi Masumoto 11
Structure and tunneling magneto-dielectric properties of Co-SrF2 nano-granular thin films 2021
AIP Advances 85224
DOl
10.1063/5.0058707
Yang Cao,Kenta Nogawa,Nobukiyo Kobayashi,Hiroshi Masumoto 14
Fabrication of transition metal (TM=Fe, Co) difluorides carbon nanocomposite films by magnetron 2021
co-sputtered deposition of Fe/Co and Teflon targets
Applied Physics Express 75502
DOl
10.35848/1882-0786/ac07f0
tl tl I 5
Fe-B 2021
1-5
DOl
10.20819/msjtmsj .21TR310
Yasushi Endo,Bingchuan Fang,Takamichi Miyazaki,Hanae Aoki,Hiroshi Masumoto 141
Study on Structure and Magnetic Properties of Sub-micron Fe-B Particles 2021
IEEJ Transactions on Fundamentals and Materials 306-310

DOl
10.1541/ieejfms.141.306




Yang Cao,Nobukiyo Kobayashi,Hiroshi Masumoto 120

Tunnel magnetodielectric effect: Theory and experiment 2022

Applied Physics Letters 82901
DOl

10.1063/5.0077879

Kijima-Aoki, Hanaea Endo Yasushi, Miyazaki Takamichi, Nojima Tsutomu, Ikeda Kenji, Kobayashi 12

Nobukiyo, Ohnuma Shigehiro, Masumoto Hiroshi

Shape effect of Co nanoparticles on the electric and magnetic properties of Co-SiO2nanogranular 2022

films

AIP Advances 35229
DOl

10.1063/9.0000310

Kijima-Aoki Hanae Cao Yang Kobayashi Nobukiyo Takahashi Saburo Ohnuma Shigehiro Masumoto 128

Hiroshi

Large magnetodielectric effect based on spin-dependent charge transfer in metal?insulator type 2020

Co-(BaF2) nanogranular films

Journal of Applied Physics

133904 133904

DOl
10.1063/5.0021636

Cao Yang Kobayashi Nobukiyo Ohnuma Shigehiro Masumoto Hiroshi

117

Large tunneling magneto-dielectric enhancement in Co(Fe)-MgF2 granular films by minor addition
of Si

2020

Applied Physics Letters

072904 072904

DOl
10.1063/5.0014137




SHIRAISHI Naru MASUMOTO Hiroshi TAKAHASHI Kenta TENKUMO Taichi ANADA Takahisa SUZUKI 39

Osamu OGAWA Toru SASAKI Keiichi

Histomorphometric assessments of peri-implant bone around Ti-Nb-Sn alloy implants with low 2020

Young' s modulus

Dental Materials Journal 148 153
DOl

10.4012/dmj .2018-376

OIKAWA Mayumi MASUMOTO Hiroshi SHIRAISHI Naru ORIl Yusuke ANADA Takahisa SUZUKI Osamu 40

SASAKI Keiichi

Effect of surface modification of Ti-6Al-4V alloy by electron cyclotron resonance plasma 2021

oxidation

Dental Materials Journal 228 234
DOl

10.4012/dmj .2020-051

Cao Yang Kobayashi Nobukiyo Ohnuma Shigehiro Masumoto Hiroshi 118

Composition-graded multilayer nanogranular films enabling broadband tunneling magneto- 2021

dielectric effect: Role of the granular distribution

Applied Physics Letters

032901 032901

DOl
10.1063/5.0027233

Hanae Kijima-Aoki, Shigehiro Ohnuma, Nobukiyo Kobayashi, Hiroshi Masumoto 547
DC and AC tunneling magnetoelectric responses of cobalt lateral nanogranular films 2022
Journal of Magnetism and Magnetic Materials 168890

DOl
10.1016/j . jmmm.2021.168890




Moe Kimura, Yang Cao, Hanae Kijima-Aoki, Nobukiyo Kobayashi, Shigehiro Ohnuma, Hiroshi Masumoto 63 12

Tunneling Magnetodielectric Effect in Co-Al1203 Granular Films 2022

MATERIALS TRANSACTIONS 1677-1681
DOI

10.2320/matertrans.mt-m2022098

Yang Cao, Nobukiyo Kobayashi, Cheng Wang, Saburo Takahashi, Sadamichi Maekawa, Hiroshi Masumoto 14

Novel Dielectric Nanogranular Materials with an Electrically Tunable Frequency Response 2023

Advanced Electronic Materials 2201218

DOl
10.1002/aelm.202201218

45 4 11

2021

Hanae Aoki Katsuhiro Uchikoshi Takamichi Miyazaki Masato Ohnuma Yoshik Honda Nobukiyo Kobayashi Shigehiro Ohnuma

Hiroshi Masumoto

Structure of cobalt-(barium-fluoride) lateral nanogranular films under slow-motion tandem method

MATERIALS RESEARCH MEETING 2021

2021




Moe Kimura Yang Cao Hanae Aoki Shigehiro Ohnuma Nobukiyo Kobayashi Hiroshi Masumoto

Tunneling Magneto-Resistance Effect of Co-Oxide Nano-Composite Films

MATERIALS RESEARCH MEETING 2021

2021

Yang Cao Nobukiyo Kobayashi Shigehiro Ohnuma Hiroshi Masumoto

Tunneling magneto-dielectric response in nanogranular films: Theoretical and experimental studies

MATERIALS RESEARCH MEETING 2021

2021

H. Masumoto

New multi-functional properties by metalceramics nano-composite films

14th Pacific Rim Conference on Ceramic and Glass Technology (PACRIM 14)

2021

Fe-B

2021




Nozomi Yokohama Hanae Aoki Shigehiro Ohnuma Nobukiyo Kobayashi Hiroshi Matsumoto

Effect of heat treatment on structure and properties of Co-BaMgF4 nanocomposite films

JOINT SYMPOSIUM2021 TOHOKU UNIVERSITY & NATIONAL TAIPEI UNIVERSITY OF TECHNOLOG

2021

H. Masumoto

Novel magneto-dielectric properties of metal-ceramic nanogranular thin films

JOINT SYMPOSIUM2021 TOHOKU UNIVERSITY & NATIONAL TAIPEI UNIVERSITY OF TECHNOLOG

2021

Co-BaF2

2021

2021

2021




Fe-B

169 2021

2021

Co-Si02

169 2021

2021

45

2021

Tomoharu Uchiyama Yang Cao Hanae Aoki  Kenji lkeda Nobukiyo Kobayashi  Shigehiro Ohnuma  Hiroshi Masumoto

Effect of Annealing on the Structure and Magneto-electric Properties of Co-Si-nitride Nanogranular Films

60

2022




C. Wang Y. Endo Y. Cao H. Aoki Kijima N. Kobayashi S. Ohnuma H. Masumoto

Relationship between morphology and soft-magnetic properties of Co-Sr-F nano-granular films.

The 14th Joint MMM-Intermag Conference

2022

H. Kijima-Aoki Y. Cao Y. Endo N. Kobayashi S. Ohnuma H. Masumoto

Tunneling Magneto-Dielectric Effects of Crystalized Co-BaF2 Nano-granular Films at MHz Frequencies

The 14th Joint MMM-Intermag Conference

2022

Y. Endo K. Murata H. Aoki Kijima T. Miyazaki H. Masumoto

Study on Structural Characteristics and Magnetic Properties of Fe-B Particles with Submicron Sizes Synthesized by A Liquid-
phase Reduction Method.

The 14th Joint MMM-Intermag Conference

2022

170 2022

2022




Fe B

170 2022
2022
170 2022
2022
Co-BaF2 Co
2020
2020

Structure and dielectric properties of (CoF/FeF)-C nanocomposites

33

2020




Co-Mg0o

2020
2020

2020
2020

Fe-B

2020
2020
Fe-PTFE

2020




Doping influence on tunneling magneto-dielectric effect of Co-Sr-F nano-granular thin films

Materials Research Meeting Forum 2020

2020

2021
2021

Co-BaF2

2021
2021
Co-Mg0o

2021

2021




Fe-F-C

59

2021

Fe B

46

2022

46

2022

Co (Si-N)

35

2022




35

2022

Electrical control of tunnel magnetodielectric response in nanogranular films

2022

2022

Enhancement of tunneling magneto-electric responses by Fe addition in Co-(Sr-F) nano-granular thin films

2022

2022

2022

2022




Co-Al203

2022

2022

Co-BaMgF4

2022

Yu-Ting Chen Moe Kimura Shigehiro Ohnuma Nobukiyo Kobayashi Hiroshi Masumoto

Microwave heating on Co-Al203 thin films and their TMR properties

TU-TaipeiTech Joint Symposium 2022

2022

Tomoharu Uchiyama Cao Yang Hanae Aoki Kenji lkeda Nobukiyo Kobayashi Shigehiro Ohnuma Hiroshi Masumoto

Effect of sputtering condition on tunnel magneto-dielectric response in Co-(Si-N) nanocomposite films

61

2022




Co-BaF2

Co

172 2023

2023

Co-Al203

172 2023

2023

CoPt-SrF2

GHz

2023

2023

(Kobayashi Nobukiyo)

(70205475) (71301)




(Yabukami Shin)

(00302232) (11301)
(Cao Yang)

(50804598) (11301)
(Aoki Hanae)

(60733920) (11301)
(lkeda Kenji)

(40769569) (71301)
(Sasaki Keiichi)

(30178644) (11301)
(Suzuki Osamu)

(60374948) (11301)




