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Nanoscale Device Fabrication using Electron-beam Lithography (EBL) and
Electroless Au Plating (ELGP) and Development of Applications
EEE
Yutaka Majima
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[4] D. Yin, M. Furushima, H. Tanaka, S. Izawa, T. Ono, R. Shintani, Y. Majima, Adv. Electronic Mater.
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THTETHD.

[ 3CHk] [1] Y. Naitoh, et al., Nanotechnology 17, 5669-5674 (2006). [2] H. Suga, et al., Scientific
Reports 6, 34961 (2016). [3] R fill, 55 84 [FUS B TSR FIMGREHSS, 21p-A501-1(2023). [4]
D. R. Strachan et al., Appl. Phys. Lett. 86, 043109 (2005).

(a) (b)
Sample1 Sample2
PYTi i, SIO/Ti/PYTI

Nanogap
Y s

Sample1

Fig. 1 (a) Schematic of nanowires without (right) and with SiO, covered structures (left), respectively.
FESEM images of typical nanogaps which were formed using FBEM without (b) and with SiO» cap-
layer (c).
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L0 ICHRBTEPFEET 5, 2NHDOMKOH T CuisS 1. K TFHOKIBRT 7+ 7 %
— WML TR L BT p BUPEERRRE R R T S L THIL N TV R, L Ledd b, CusS
FIRFDE T VI RIBFHICONTIE, ZNTTIIFLAERED v, LAl T
WCANTERD CuisS F/ 7L — F ZFEEEK
L. HEEL CT& 728, milEl, CusSF/ 7L —
bEF Xy TRICEALZETOERE O ‘ ]
P s L7, ' e

Sl 2 k. EFHRY V77 7 4 (EBL)IC &
D ¥v vy 7RK57nmm. ¥+ v 7IE 400 nm D H

BT/ F vy TEMAEIFRL 72, WUMEREST T | |

mm, BX 7om OINFHED CugS F/ 7L— =

FEF ¥y TEBEICEAL, FT VY

A RFFEEMET L 72, CuisS F/ 7L — b DS Ve 20v
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[1]S. W. Gu, Y. X. Zhang, J. Guo, J. Feng, Z. H. Ge, Mater. Res. Express, 7, 015923, (2020).

[2] P. Qin, X. Qian, Z. H. Ge, L. Zheng, J. Feng., L. D. Zhao, Inorg. Chem. Front., 4, 1192, (2017).
[3] Z. Li, M. Saruyama, T. Asaka, Y. Tatetsu, T. Teranishi, Science, 373, 332 (2021).

[4] H T, Yin Dongbao, + B, %ﬁEHEﬁ\, R BR, fRILAEsE, SFraflis, B8 S,
55 71 G H Y B A B T2 TSI ZY, 23p-1BB-11 (2024).
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Trapping single-Cgo molecules in liquid by static sub-nm gap electrodes

ISIMIT-CAS, 2lIS/PINQIE, Univ. of Tokyo, “Univ. of Liverpool
Hongsen Qiu?, Yue Tian?, Xiaohang Qiao*, Kazuhiko Hirakawa?2, °Shaoging Du'?
E-mail: sqdu@mail.sim.ac.cn

Understanding electron transports of a single molecules in liquid has attracted widespread attention
due to its great significance in nanoelectronics and molecular dynamics. To date, scanning tunnelling
microscopy break junction (STM-BJ) and mechanically controllable break junction (MCBJ) have been
used to read single molecular conductance in liquid, demonstrating the feasibility of obtaining
single-molecule information in sub-nm gap structures under mechanical dynamic strain. However, both
methods necessitate the dynamic adjustment of the distance between the two electrodes, thereby
incorporating the effect of the mechanical squeezing force induced by the electrodes on the molecules into
the results. In order to obtain the properties of single molecules in a more natural state, it is necessary to
develop a method of measuring the current flowing through the molecules without introducing electrode
motion.

In this work, we use the static sub-nm gap electrodes to investigate single-Ceo molecular electron
transports in liquid. We created a sub-nm gap in a gold nanojunction by using electromigration [1, 2], and
immerse it in a liquid cell. By measuring the current flow of the gold electrodes, we observed the
conductance change due to single-molecule trapping. Fig. 1(a) shows the traces of the conductance G
normalized by the quantum conductance Go (=2e?/h) of the sub-nm gap electrodes in air, toluene solvent,
and fullerene solution environments. We see when the device was in air and pure toluene solvent, the
conductance value was ~0.0021 Go. After the Ceo solution was dropped, the conductance moved upward
randomly as a whole. Furthermore, we measured this sample for 1 hour and plot the histogram of
conductance in Fig. 1(b). The histogram for Ceo solution shows an additional peak around 0.00235 Gg
which is consistent with theoretical calculations [3], indicating that the observed change in conductance
may be associated with the capture of single molecules. This result tells us that the static sub-nm
electrodes have the potential to capture single molecules in liquid, and the random capture process may
come from Brownian motion.

(a) , (b)

air toluene Cygp in toluene Cgp in toluene (1 hour )
2.6x10° 2.6%107
| | B i
2.4%10°%) t ~1 nm ~1nm 2.4x10°
—
g } e g S
o Pt Y o
©2.2x10%} ey 2.2x10% g
R T
P
| —
2.0x10%} I 1 2.0x10°
0 100 200 300 O 100 200 300 0 100 200 300 0 200 400 €00 800 1000
Time (s) Time (s) Time (s) Count

Fig.1 (a) Traces of the conductance G normalized by the quantum conductance Go (= 2e%/h) in air, toluene,
and Cep solution. The bias voltage for all measurements was 50 mV to avoid geometric changes of the
gold electrodes. (b) Histogram of conductance of fullerene solution within one hour.

Reference: [1] A. Umeno and K. Hirakawa, Appl. Phys. Lett. 94 162103 (2009). [2] Y. Tian, et al., Appl.
Phys. Express 16, 085001 (2023). [3] S. Bilan, et al., Phys. Rev. B 85, 205403 (2012).
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Ortho-Para Nuclear Spin Isomer Fluctuations of H20 molecule in H20@Ceo Single
Molecule Transistors
H20@Cs0 E—RFIIUOREIRD KD F DALY -\ RAE RS ARMIESE
'HREW -2 F/ EFHEE - LETA U 0D R T LAEREMH. *EXIEH. "EIEXE
B A, & DES, BARRES BIFFRES HEERERS. FILEFERS, FN—F 12
TIS/INQIE, Univ. of Tokyo, *SIMIT, CAS, “ICR, Kyoto Univ., > Phys. Dept., Tohoku Univ.
°Yue Tian!, Shaoging Du?, Katsushi Hashimoto®, Yoshifumi Hashikawa®, Yasujiro Murata*, Yoshiro Hirayama>,
Kazuhiko Hirakawa'?

E-mail: tianyue@iis.u-tokyo.ac.jp

Single molecule transistors (SMTSs) are useful structures for probing electronic transport properties
of individual molecules. Furthermore, it can read out electronic states of encapsulated atoms/molecules
in the endohedral fullerene cage[1]. The nuclear spin isomers of a H,O molecule in H,O@Cgo, Where a
single water molecule is encapsulated within a Ce fullerene cage, is attractive for its potential
applications to quantum memory. In our previous study, we performed tunneling spectroscopy
measurements and observed para (p)- and ortho (0)-states in tunneling conductance spectra, which
means they fluctuate very quickly between the p-and o-states. However, a systematic investigation on
how the o-p fluctuation takes place is still missing.

Figure 1(a) is the Coulomb stability diagram of a H.O@Ceo SMT measured at 300 mK. We focused
our attention on the excited states below 10meV (rotational excitations), whose excitation energies
reflect the nuclear spin states of the H,O molecule. The excited state lines with energy of 1meV and
2meV that terminate inside the Coulomb diamond correspond to transitions between excited states. We
think the 2meV excitation arises from the rotational excitation of the ortho-water molecule, (1o1-110),
and 1 meV excitation state corresponds to the transition from the excited 110 (N-1) of the o-water to the
excited 111 (N) state of the p-water. This diagonal transition is one of the paths for the o-p fluctuation
of the water molecule. In addition to this path, more paths are available for the o-p fluctuation. A
conduction electron flips the H nuclear spin in H,O molecule by fulfilling the conservation of the energy
and the total angular momentum. Such processes can be indicated by diagonal arrows in Fig. 1(b). The
vertical arrows represent possible rotational excitations of 0-H;O and p-H.O. The details will be
discussed in the presentation.

(@ ,2ves  (b)

0 = =

+10 2,5(N)
= () 110(N)
2| 0N — = 154(N)

z

0o T -1 FHA = ——————

o

N
— 215(N-1)
2| (N1 —<& T10(N-1)
S| Ogo(N-1)———— To1(N-1)

-10

30y () 28 para-H,0 ortho-H,0

Fig.1 (a) Coulomb stability diagram of a HoO@Ce SMT at 300mK (b) Full map of the possible transition paths
for rotational excitations.

References [1] S. Du et al., Appl. Phys. Exp. 13, 10 (2020). [2] S. Du et al., Nano Lett. 21, 24 (2021).
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AuPd BET/ Fry TEBOESHIE L BSLLORE
Electrical properties of AuPd mixed nanogap electrodes: mixing ratio influence
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FMRHEIZ0-10 VOO ff 5 HEE 2 FIIN LU s o & RIS E R (Reset) S &, 0.2 VOEE THREUE Ot
B 11572, ZDO%EIHIREZ L - 720-10 VOsws [ B EFINZ2 2R TV @Gt SRRt %@(Set)
S, TNTNOEIERIZ0.2 VOEE TEIUEOGTR AR Y 21772, ZOEERINOY A 7 /1 %1000
A T AT, ERURHEZ TN L7z,

[F5R - #55m] Fig. 2 (2)l2 AuPd (3:7)) / ¥ % » 7 ED Reset KD [ —V etk 2 "3, F /¥ v v 7&
R EE B AE 2N B KIZ B LT b BBUT i - 5 APERS#BT (NDR: Negative Differential Resistance)
ZRBT5H. Z O NDR % Btk 5 EILEME % peak voltage & EFE L7=. Fig. 2 (b)iZ Au & Pd DIRER L
peak voltage DBIfRZ /R, ZOFERND AuPd F / F v v FEMITIBNT, Pd DIREENRKE 2D
& peak voltage 2ME T J MM A e, ZOMEMITIMEI OISO EAIZRK L TEY, Bzt
% Au, Pd DJEFOWTIADESE L TEET 272 ERIOBERNZ X bLd. i TILI O OFEMIC
DN Tk d 5.

(£ 3CHER] (1) Y. Naitoh, et al., Nanotechnology 17, 5669 (2006). (2) S. Furuta, et al., Jpn. Jour. Appl. Phys 47,
1806, (2008).
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Fig. 1 Schematic diagram of the Fig. 2 (a) Typical / —V characteristics of AuPd (3:7) nanogap
device structure of the AuPd electrodes during reset operation. (b) Relationship between
nanogap electrodes. Avu/Pd mixing ratio and peak voltage.
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Figure (a) Schematic diagrams of hydrogen sensor before and after forming operation (b) FESEM

image of a conductive filament fabricated by atom migration.
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