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Nano-contact experiments: Energy flow in nano-region and Single molecule magnet

Ootuka, Youiti
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i i By attaching small resistance thermometers to _aluminum mechanically-controllable
break junction, we measured temperature rise in the immediate vicinities of the nano-contact due to Joule

heating at very low temperatures. At the same time we found an evidence of superconductor-to-insulator
transition in the 1-V curve of the junction, which means the electron temperature exceeds Tc. The rate of

temperature rise to heating is about 50 K/microW, which is two- or three- orders of magnitude larger than
the values in similar experiments. The temperature rise was independent of the direction of the current

through ghe junction at low-bias conditions, but in some cases it began to depend when the current
increased.

SQUID



mechanical break
junction MBJ)

(local heating)

Z.Huang
D’ Agosta
Single-Molecule Magnet
SMM
S
1
SMM
SMM 10
K

(MQT)

SQUID
SQUID
Fe8
MQT

@)

) (SMM)

SMM

¢y

@ MBJ

G/ /

SMM-
SMM

SMM

SMM

(MBJ)

-MBJ

Fe8



@ MBJ

MBJ
®
CGO
0.5nm
Vg Vg 0.4x D(nm)[V]
D
MBJ
2
U
Ceo 2
MBJ
40 2
2
2
MBJ
SEM
2
Al
FET

Electromigration(EM)

Si

®

[ 1 Nb

PES(Poly(penylene ether-sulfone)

T=4K
SQUID

[ 1]

EM

SQUID

MBJ

Au-Cg-Au

0.1um

MBJ

SQUID

Ceo
EM

SQUID

SQUID

[

]

Tc

[

SQUID

]

EM

XY



©))
MBJ
4
4
I/
P=1v
v I1=GV+los
los
los >0
los>0
Al
Sn Pb Sn-Pb Sn-Ceo MBJ
MBJ 1
Tc A
Pc
Pc
Tav
Al
Sn,Pb Pb-Sn
Al Sn Pb Pb-Sn | Sn-C60
Tc(K) | ~1.2 | 3.7 6.7 8 3.7
A 0.26 |0.624|1.28 |1.35 | 0.629
(meV) | -0.30
Pc 0.007 | 0.25 | 0.92 |0.14 |0.14
(uW) | @0.1K | @0.1K | @4.2K | @7.7K | @0.1K
Tav 0.94 (0.87 |0.85 |0.6 0.86
MBJ

®

Iy m

Au-Ge, Nb-Si, Nb-Ge

MBJ

AuGe

MCBJ

250nm

®

Al

AuGe

2 m

Au

AuGe

90nm

Au-Ge

Au Ge=7.7:92.3

Au  25nm+Cr:5nm
AuGe + 24°

AuGe

AuGe
0.2y m

Al

200nm
Au

MBJ
Al-MBJ
Al

0.4p m

0.25u m
Al
AuGe
AuGe
1.4um



15-Feb-16 00000

AuGe Al-MBJ
MBJ
50mK
AuGe
MBJ
MBJ
AuGe
50K/p W
Tsutsui [ 1] Au-MBJ
Pt 100p m
2
Lee [ 1 ARM
Au Cr
AFM
0.3um
1000
Au
Tsutsui Lee et
et al. al.
(ref. ) | (ref. )
>10 0.3
(um)
50 0.4 0.04
(K/uw)
<1 80 300
®

Tsutsui [ ]

Au
Al-NMBJ
Al
b | FEBHEH 6 kohm
< MBJ power vs AuGe1 Thermometer temp. g, IMBJ power vs AuGe2 Thermometer temp.
[ o 15 | | @
§ B §|.5 s W - i
3 5y i |
: § ,gaﬁrﬂnvv"ﬁ”v“
£ . go.sr 1|
g 2
3 . % o
%5 70 15 20 25 W 5 10 15 2 25 30 35
MBJ power [nW] MBJ power [nW]
+IRA4TR —NAFR
%?mﬁh.i i i i BEFOFHN
v Al
Joule 7.5nW
Al Tc
AuGe
0.6K AuGe
Tc Joule
30nW AuGe
1.4um
Au
AuGe
1kQ AT/P 0.06 (K/
Hw)
C60

2013 3
Nb



SQUID
2014 3
SQUID

2014 3

M_Tsutsui, T.kawai and M.taniguchi,
Scientific Reports 2,217(2017).

W.Lee et al. Nature 498 209(2013).

Yukihiro Shibata, Youiti Ootuka Local
electron- and lattice-heating in
superconducting atomic point-contacts
19th International Conference  on
Superlattice, Nanostructures and
Nanodevices (ICSNN2016) 2016.7.25-30

(accepted)

Yukihiro Shibata and Youiti Ootuka
Local heating in superconducting atomic
point-contacts Frontiers in Quantum

Materials and Devices  Workshop,
2016.6.13-14 RIEKN
(accepted).
i
71 2016.3.22,
I
2015 2015.9.18,
2014 2014.9.9,
2014 2014.9.9,
Nb
SQUID
2013 2013.9.26,
SQUID
SQUID
2013 2013.9.25,
2 MBJ

2012 2012.9.20,

SQUID

2012.9.19,
o 0
o 0

http://1t.px.tsukuba.ac.jp/

@
OOTUKA, Youiti

&)
®

2012



