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Development of field effect diamond anvil cell for pioneering new fields in
materials science
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A diamond anvil cell (DAC) enables us to investigate the electric properties
of materials by controlling their surrounding pressure. On the other hand, an electric double layer
transistor provides a means of controlling the carrier density of materials by applying voltage to

the ionic liquid which form electric double layers. In this research we developed a new device we

call “ Field Effect DAC" . It can control the pressure and carrier density at the same time by using
the ionic liquid as pressure medium of DAC. For this development, we can measure the electric
properties of carrier controlled materials under high pressure. By applying this method to various
materials, novel physical properties are expected to be discovered.



(DAC)
FeSe
LaBiS,OpsFos
1014
cm’?
10
STiO;
2
1 3
A
Fr)TEE
\ Eh
/
v R N
=1 SMITRIE YRR
1.
DAC

DAC

DAC

@

FeSe
LaBiSSeOysFos LaPtsAs (Ca, La)FeAs, TaS,

(2) DAC
DAC ( )
2
( 29
( 2b)
H 2k BN /Xy 77 —

g e

*aly @A R o
@ ®) XA Y EY FEMR
2.
4
BN
BN
DAC
3(@)
DAC

CvD

3(b)



JnE
e Z;ai-h
R
(@) /
 mE

2 TS

V—ZRBB ROy R—F4EE

KL A > ER
(b) L4V EY FER
3. 4
DAC
1 mm
6GPa 0.6 mm 20GPa 0.15mm 100 GPa
0.15 mm
4
(1 mm)
©)]
DEMEBF,
4 ADVANTEST R6143
Agilent 3420A
GDM-8261A
HEWLETT
PACKARD 6632A
GDM-8261A 4
DAC
-

@

CsCl SmFeAs(O,F)
LaBiSSeOqsFos
TaS;
LaPtsAs
LaBiSSeOqsFos TaS,
DAC DAC
5

TaS,

LaBiSSeO, sF, s

5 TaS, LaBiSSeOysFos
@
5 LaBiSSeOq ko5
DAC
51
GPa
6
161 18 04 GPa
a Cha
\; 1.2 g
% gu.a
.-E 08 _d:.'n’o.a \7~
7] 3.3 GPa
& 40 GPa
04r- 0 0 100 200 300,
Temperature (K)
TZBI'?\
CL 1
O'OU 2 4 6 8

Temperature (K)
6. LaBiSSeOq sk s

2b



30 GPa

©)

Ium

7ab

Ag

TaSz

BN

I-v

BN

o
w
T

o
)
T

Voltage (mV)
o
o

—— Ambient Pressure
— 1.16 GPa
——1.67 GPa

5.41 GPa
——6.20 GPa
——10.7 GPa

02y At room temp]
-03F} Vg=0V
—1I00 —50 (I) 5I0 1(I)0
Current (uA)
9.
I-v
10

11 1.16 GPa




Resistance (Q) Resistance (QQ)

Resistance (QQ)

A%

12 6.2GPa

2.95 T T . .
Ambient Pressure 2.0V ENfN
1VEn 1.5V EDAD
2.90
285 1 1 1 1
0 500 1000 1500 2000
Time (s)
10.
3.0 T r
28 Ambient 1.16 GPa :
ressure
26 B
24+ 2.0 V EDAN
2-2 1 1
0 200 400
Time (s)
11.1.16 GPa
0550 T T
0.545 - R
6.2 GPa
0.540 - B
0535 | 2.0V ERAN
0.530 - B
0 200 400
Time (s)
12. 6.2 GPa
lpm

T382

10GPa

4

M. Fujioka, C. Wu, N. Kubo, G. Zhao, A.
Inoishi, S. Okada, S. Demura, H. Sakata,
M. Ishimaru, H. Kaiju and J. Nishii:
“Proton-Driven Intercalation and Ion
Substitution Utilizing Solid-State
Electrochemical Reaction”, J. Am. Chem.
Soc., Vol. 139, 2017, pp. 17987-17993,
DOI: 10.1021/jacs.7b09328

R. Matsumoto, Y. Sasama, M. Fujioka, T.
Irifune, M. Tanaka, T. Yamaguchi, H.
Takeya and Y. Takano: “Note: Novel
diamond anvil cell for electrical
measurements using boron-doped metallic
diamond electrodes”, Rev. Sci. Instrum., ,
Vol. 87,2016, 076103,
https://doi.org/10.1063/1.4959154,

M. Fujioka, M. Ishimaru, T. Shibuya, Y.
Kamihara, C. Tabata, H. Amitsuka, A.
Miura, M. Tanaka, Y. Takano, H. Kaiju
and J. Nishii: “Discovery of the Pt-Based
Superconductor LaPtsAs”, Journal of The
American Chemical Society, Vol. 138,
2016, pp. 9927-9934,

DOI: 10.1021/jacs.6b04976,

M. Fujioka, R. Matsumoto, T. Yamaki, S. J.
Denholme, M. Tanaka, H. Takeya, T.
Yamaguchi, H. Takahashi and Y. Takano:
“Observation of a Pressure-Induced Phase
Transition for Single Crystalline
La00.5F0.5BiSeS Using a Diamond Anvil
Cell”, J. Phys. Soc. Jpn, Vol. 84, 2015, pp.
095001-(1-2),
https://doi.org/10.7566/JPSJ.84.09500
1

10

Agy;sTaS,



65
2018

Ag,TaS,
53
2018

M. Fujioka, H. Kaiju, J. Nishii and Y.
Takano : “Superconductivity and Crystal
Structure of LaPt;As with Extremely Long ¢
Lattice Parameter”, IWSRFM2016
(International Workshop on
Superconductivity and Related Functional
Materials ), 2016.

M. Fujioka, H. Kaiju and J. Nishii : “New
Intercalation Method for Layered Materials
with Nanospace”, Nano S T-2016, 2016.

Pt
57
2016

71
2016

M. Fujioka, H. Kaiju, J. Nishii and Y.
Takano : “Single crystal of SmFeAsO,_F,
with  high superconducting transition
temperature and low anisotropy”, The 16th
RIES-Hokudai International Symposium ,
2015.

F. Caglieris*, A. Sala, M. Fujioka, G.
Lamura, I. Pallecchi, H. Eisaki, Y. Takano
and M. Putti : “Transport critical current
in single crystals of the newly discovered
(Ca, La)FeAs;”, 12th  European
Conference on Applied Superconductivity,
2015.

DAC
76
2015

M. Fujioka, S. J. Denholme, M. Tanaka,
K. Suzuki, H. Hara, T. Yamaki, A.
Yamashita, T. Yamaguchi, H. Takeya and
Y. Takano : “Crystal growth of
SmFeAsO,4Fx with a high-fluorine

concentration”, EMN Phuket Meeting

2015, 2015.

2015-16946
27 8 28

http://nanostructure.es.hokudai.ac.jp/

(0
MASAYA, FUJIOKA

40637740



