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Magneto-strictive-driven dual AFM probe for narrow-gapped delivery in liquid
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Multi-atomic force microscopic (AFM) probe with imaging and other functions
have been expected as molecular operation tools, in particular in biology research field. In this
research, novel fabrication process technologies of sub-p m-gapped dual Si AFM probe with
hollow-structure was established. Large deflectable twin cantilevers with high quality

magneﬁg—strictive thin film actuator was also developed for the function of dual cantilever
switching.

AFM MEMS



(AFM) (0]
AFM AFRM
1
DNA
5]
5
£l
o Q
= en
AFM . =
Microchannel b
=
(S
MEMS (Micro Electro Mechanical Systems:
) 2
Delivering cantilever Nozzle
AFM 1
AFM AFM
(AFM) (SOI: silicon on insulator)
Si
(
)
Si
pm
AFM 2
AFM
Si(112)
( 2b)
AFM
AFM nm
500nm
Si
AFM
AFM
AFM AFM 2 S
Si
( ) S




SO, (100nm )

2.5 pm

SEl 20kV WDI1mm SS40 x10000 fpm  s—

Aug 31, 2015

lpum

SO,
1 2pum

@)

AFM

pm



MEMS Si
FesoPdao
8 400 450 °C 30
min 2
3
FessPdas

100G
30ppm

FePd(220)

—_
[
(=}

100

>
(=]

Magnetostriction (ppm)
=N
f=] (=]

[
(=}

Magnetic flux (G)
8 FesoPdao

S5um
AFM

(100G )

FessPdss

300G

100G pm

(65 kHz)
(89 kHz)
500nm
0.1
000 | m o ® o am o, 0 Gauss
s g ° An 50 Gauss
0.08 | Ce "
: [N " ‘.’ 4100 Gauss
a 0.07 | oo © O ok o 200 Gauss
% 0.06 PO 8 |, e 0300 Gauss
= 005 N o AB o ® an 0400 Gauss
% 004 L o oo 3'. e 500 Gauss
] o A% o °©
L A, . O
o[ S T
E r AL 00000020000 8a88%A O o o, Alge
ﬁﬁénﬂﬂggggsggﬁﬁﬁ"- Ap000 oo, A2gS,
| . aagapooaccer M
25600 25800 26000 26200 26400 26600 26800
Frequency (Hz)



D

@)

©)

(4)

(®)

(6)

()

13

J. Hong, K. Mishina, T. Mineta, “Fabrication
of a switchable dual AFM cantilever through
a large deflection using magneto-strictive
film”, Trans. IEEJ-E., , (in press)

N. Okada, T. Sasabuchi, K. Koike, T. Mineta,
“MEMS Magnetic Sensor with Bridge-Type
Resonator and Magnetostrictive Thin Film”,
Electronics and Communications in Jpn., Vol.

101, , (2018), pp. 90-95
https://doi.org/10.1002/ecj.12042
, s 6 3
, Vol. 1,

, (2018), pp. 60-69
http://www.gijutu.co.jp/doc/b_1942.htm

“NdoFesB/a-Fe

” Vol. 13 (2018), pp. 19-27
T. Mineta, K. Kawashima, R. Taguchi,
“Fabrication and characterization of dual
AFM probe with narrow-gapped silicon tips
and switchable cantilevers with
magneto-strictive FePd film actuator”,
Microelectronic Eng., Vol. 168, ,
(2017), pp. 45-49.
K. Kobayashi, D. Ogawa, K. Koike, H. Kato,
M. Oogane, T. Miyazaki, Y. Ando, and M.
Itakura, “Fabrication of
orientation-controlled nanocomposite
Nd-FeuB/Mo/a—Fe multilayer films”, 10P
Conf. Series. Journal of Physics. Conf.
Series, , Vol. 903 (2017), pp.
012015(1-9)
https://doi.org/10.1088/1742-6596/903/1/012
015
M. Itakura, J. Fukuda, K. Koike, H. Ishikawa,
D. Ogawa, and H. Kato, “Microstructure
and coercivity in La-coated Nd2Fel4B thin

films”, AIP Advances, , Vol. 7,
(2017), pp. 035301(1-9)
https://doi.org/10.1063/1.4977966
®
Nd2Fel14B
11

9)

, , (2016) pp.333-343

(10)

, “FePd
MEMS
E, Vol.136, .No. 9,
, (2016), pp. 408-412
https://doi.org/10.1541/iegjsmas.136.40)

“Si

AFM ”
E, Vol.136, .No.7,
312-318
https://doi.org/10.1541/iegjsmas.136.312

, (2016), pp.

(11)B. Ahmmad, K. Kanomata, K. Koike, S.

Kubota, H. Kato, F. Hirose, A. Billah, M A
Jalil, M. A. Basith, “Large difference
between the magnetic properties of Ba and
Ti co-doped BiFeO3 bulk materials and their
corresponding nanoparticles prepared by
ultrasonication”, J. Phys. D: Appl. Phys., Vol.
49, , (2016), 265003(1-8)

(12) K. Koike, T. Kusano, D. Ogawa, K.

Kobayashi, H. Kato, “Modification of the
Interface Nanostructure and Magnetic
Properties in Nd-Fe-B Thin Films”,
Nanoscale Res Lett., Vol. 11, ,
(2016), pp. 33 (1-8)
https://doi.org/10.1186/s11671-016-1227-x

(13) K. Kawashima, E. Makino, T. Mineta,

)

)

©)

(4)

Trans. Electronics and Communications in

Jon. Vol. 98, No. 12, , (2015), pp.
30-36

44 1 13
J. Hong, Y. Masuda, T. Mineta, "Fabrication

of a 3D nano-printing device", Proc. SPIE
10597, Nano-, Bio-, Info-Tech Sensors, and
3D Systems I, , (2018) 105971A
2018 3 8 ,Denver, USA
doi: 10.1117/12.2317917
M. Kondo, H. Akamine, M. Itakura, M.
Nishida, K. Koike, H. Kato, “Microstructure
and magnetic properties of
Nd-Fe-B/Mo/a-Fe or Fe-B multilayer thin
film”, 19th Cross Straits Symposium on
Energy and Environmental Science &
Technology (CSS-EEST19), Abstract
,2017 11 29 , Kyushu University,

Fukuoka, Japan
AFM
2 s 34
Abstract , (2017), 31am3-PS-39
pp.01-04, 2017 10 30
( )
J. Hong, K. Mishing, T. Mineta,

“Fabrication and characterization of dual
AFM cantilever with magneto-strictive film
designed for large deflection”, 43th Int. Conf.



on Micro Nano Eng., Abstract ,
(2017),2017 9 20 ,Braga, Portuga
©) :

, AFM

Si
53
, pp. 302-1-2 (2017),
2017 9 29 ( )

(6) H.Kato, K. Koike, D. Ogawa, M. Itakura, Y.
Ando, "Proposal for coercivity mechanism
in rare-earth magnets based on comparison
between experiments on model-interface
samples and ab-initio calculations”, 41

,2017 9 21
: ( )
) : , A

AFM

M SS17-006,
pp. 15-16 (2017), 2017 6 29
( )
(8) : : . .

113

MEMS ”, 33
25am2-PS-041 (pp. 1-4) (2016), 2016 10
25 ( )

(9) T. Sasabuchi, N. Okada, K. Koike, T.
Mineta, “MEMS Magnetic Sensor with
Bridge-type Resonator and Magneto-
strictive thin film”, Asia- Pacific Conf.e of
Transducers and Micro-Nano Technol.
(APCOT 2016), Abstract , (2016), pp.
241-242, 2016 6 29 , Kanazawa
Bunka Hall, Kanazawa, Japan

(20) Y. Miura, J. Hong, K. Mishina, T. Shibata,
T. Mineta “Fabrication of micro-channel and
nozzle in narrow-gapped AFM dua Si
probe”, Asia-Pacific Conf. of Transducers
and Micro-Nano Technol. (APCOT 2016),
Abstract , (2016), pp. 233-234, 2016

6 28 , Kanazawa Bunka Hal,
Kanazawa, Japan

(11) T. Mineta, “Dual-AFM Probes as An
Imaging and In-situ Molecular Operation
Tool”, IEEE-NEMS 2016, C2L-F-1, (2016) ,
2016 4 20 , Takanso, Sendai, Japan
( )

(12) T. Sasabuchi, N. Okada, T. Satoh, K. Koike,
T. Mineta, “Annealing Effect on FePd
Magneto-strictive  Film on Si MEMS
Cantilever”, 25th  Annual Meet. Of
MRS-Japan, Abstract , MRS
A3-09-008 (2015), 2015 12 9

( )

(13)

_ ,“FePd
MEMS
32

, Abstract
29pm3-PS-017 (pp. 1-4) (2015), 2015 10
29
(14
AFM

Abstract , 30am2-PS-134 (pp. 1-2)

(2015),2015 10 30 ,
(15) T. Mineta, K. Kawashima, R. Taguchi,
“Fabrication and characterization of dual
AFM probe with narrow-gapped silicon tip
and switchable cantilevers with
magneto-strictive FePd film actuator”, 41th
Int. Conf. on Micro Nano Eng. (2015), 2015

24 , World Forum, Hague,

Netherlands

K. Koike, H. Ishikawa, D. Ogawa, H.
Kato, T. Miyazaki, Y. Ando and M. Itakura,
“Coercivity enhancement in La coated
Nd-Fe-B thin films”, 20th Int. Conf. on
Magnetism (ICM2015), Abstract ,
2015 7 7 ,Barcelona, Spain

44

(16)

http://mineta-lab.yz.yamagata-u.ac.jp/

)
MINETA Takashi

50374814

2
KOIKE Kunihiro
40241723

3
OKUNO Takashi
80411031

SHIBATA Takayuki
() (

10235575



