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Representation of aggregation process in

Diffusion Limited Aggregation model on single-electron circuits
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(a) oscillator, (b) threshold variable oscillator, (c) memory.

Single-electron circuits.

“+” and “—" in circle indicates polarity of bias voltage.

Fig.2 Single-electron aggregation circuits.
“X” in the circuits indicates to connected to the
circuit of the adjacent the top, bottom, left, and
right coordinates.
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Fig. 1 Design of comb-shaped circuit
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Design of signal amplification circuit and its application
to thermal-noise-harnessing single-electron circuit
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Fig. 1 Signal amplification circuit using triple single-

electron box circuit.
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Fig. 2 Simulation result of 1 bit-full adder.
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Energy Efficiency Limits of DRAM Cells: Dependence on Cell Capacitance
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NTT Basic Research Labs., °“Takase Shimizu, Kensaku Chida, Gento Yamahata, Katsuhiko
Nishiguchi
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Fig. 1: (a) Circuit diagram of a DRAM
cell. (b) Rewrite operation process. (c)
Calculated efficiency 1 as a function of

% E./kT at various error rates €.
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(2014).
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Observation of fluctuating heat current
across capacitively-coupled silicon nanometer-scale dots
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NTT Basic Research Laboratories
°Kensaku Chida, Antoine Andrieux, Katsuhiko Nishiguchi
E-mail: kensaku.chida@ntt.com
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B ENZBGRENRET D[], BIZIE, Fig. 1121706 4 ORTEFEBICEY Ky NRETFEW,
N2)723(0, 0)—(0, 1)—(1, 1)—(1, 0)—(0, 0) & Z2{t3 % & | Dotl 75 Dot2 ~[\H Q = Ecn DEADRE
b, ZZ T, Ni (Vo) I& Dotl (Do)NEFH, EcmlE K> MEOFERAMRE TH S, Fig. 1 H
DOIANE 2 FHG FH)DETEBIC L > T Dotl(Dot2) DETF-E N 2 7=(Fi»72) Z & TR
AT LY Dot2(Dotl) D= RN —NZ DREE Ecn 72T HERIEA)T D Z & 2RI, AL RN > M
RE Co % BB LB LAV DIZH L, = RLF —(% Dotl(Do2) ~DE TEBIZ L > T Cu & B
# LT Dot2(Dotl) ¥k TIaio 5, £ D72th, Z OEGRITEN & 1XZ2 M B S L2 5T 2 i 5,
Fig. 2 [IZEFERIZ Lo T N-NIRRBZE [ EITHE I 2 8BR OBl 2777, Fig. 1 IR S5
DEAERIL Ni-N IRAEZE R E TIIIFFHEI Y OEFE S=1 O/v— kT 5 (Fig. 2 /£ F)s Ecm
X0 & SEBEISEWRBOEF 2> TEY | 20— NiES O OKHEIXQ| =SEc TH 5,
FTo. FFEHEIY O —FITEE WG T(Q < ) Eh S/ 5 (Fig. 2 A ), ZORkIZ, BHETX A7
2T AFMEIT ST Ni-N RBEZE Bl 2 v— 7 OmifE & BRI A RD H Z LT, #E
FERICHESNLIBWMEZHEL, TOWLEEFHUT L LN TE D,
[3E28k] =B CHV 7=+ X Silicon on insulator JEb EIC/ERI SN HEME L= —>DF/ Fv
N, RRHER, A — NEM, B DAL S U(Fig 3), BRHHERER b ITHEEFAGERIC LD N &
No DEACIZIG C CHEBI 72 % 7~ 9 (Inset of fig. 3), b A FE=HX LN, & MEZhThRDDH &
T, HETEGETNC LY N-NDIREEZER] IS DN 2RO DI, 70, Ecn DRE ST
BB 605 Ny & Na DFEBIDO R E S22 HEH L72[2], & TOERIT=IRGB00K)TITo72,
Y HOMEE TIX, EHEREBICHIBER/E LIy arF /) Ry haHAYVTLHETX AT
2T ANG, FHTaORFERP DN TV HEET 2B L2 ERERICOWTHET 5,
[BEE] APFEIC oW CikamTE & £ L 72 bR FEak 280 & B RAR A L 280% . NTT Mfadhtd
T WEKESBE L, BFERETICEHE - LET, [BE3CER] [1]R. Sanchez, and M. Buttiker, EPL
100, 47008 (2012). [2] HIHEENE fll 55 85 [l WL E AR EATHIH S, 19a-D63-7 (2024).
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Fig. 1 Schematic illustration of ~ Fig. 2 Schematic illustration of a Fig. 3 Scanning electron
heat current. Through the set of  trajectory on the N;-N; state space.  microscope image of our device.
electron transition, heat O = Ecm  The area and rotation direction ofa  Electrons thermally hop between
transfers from dotl to dot2. No  Joop correspond to the amount and the dots and ER. (Inset) Sensor
charge flows through the dots. the direction of Q, respectively. current as a function of time.
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Dependence of nanogap position on gate structure during electromigration
ERU,FTEIKR? BHEE 2, BA' WKLFE"T FEE?Z "NERA’
AIST!, CIT?2Y. Tsutsui'?, H. Shima', H. Akinaga', H. Suga?, and °Y. Naitoh'
E-mail: ys-naitou@aist.go.jp

Tl hu~A 2 L— 3 (Electromigration: EM) 1. EEHINZ BHEICET 5 2 & T
WD K& S&F ) Ar—VIHEETE 5720, F/ X+¥ v 7 (nanogap) iz (ERd 2 B
AT O—>2E LTHIHSTWD, — 5T, EM I3EMBRIEO AR 25| & Z 35K & 4,
WDNZ[EEET 2 A ST X o, ZAUE, ML ESEARICT X LA THY . THETA
SRR ZORBICR 27 E, fIETERVWBELTHL LARINTNDTEOTH D,
Figure(a)(b) D& 7 (FESEM) % X 512, wE 7/ Bl 2 L72BE, Bl o Rns
Bk L2 AW ERT 8N AET 5 Z E MBI TWVAN ALEDIEL DX IIRE WV, —F T,
EM Z##¥ T 2BEICRMAH NS Z LT, ZRaHLFRICHHBEFLETEL L0 IHIRED
b 2HM,2]. @ RHHEOEEALE TR 2 BT E A T 5T LT Rino Tz,

P, EM BIGUIECHRER I O R R AR 2k SN OBERHEE L T\D Z LARE I T
538, DA N=ALEBEIZ, BMICKPL L7 — NEBOHSINBERZAMNT 52 LT, &
O fe F i 1Mk A A9 2 FIEEBER L,

Figure(c)(d)iZnd & 912, 7 — MNEMMEIZFRAT/ v FHEEZ I Afv, FNS 2B ER O
K& SZRFTICTI< Lz PURIERC EM 24T 5 720 FESEM 8%/~ 9, = OfEE, MWL E X
TEBICALE S 77— MNEBEED /) v FHDICHEETE TWDL 2 & mnole, ZORRIE
EM FEWrALE OFIEI EM fHPED M EIZo7203 2480k & L THIRFCTE 2, #ETIE. 2D Ofb
FOFZ DN THET 2,

[1] S. D. Sawtelle, et al., Appl. Phys. Lett. 113 (2018) 193104.

[2] H. Suga, et al., ACS Appl. Nano Mater. 3 (2020) 4077.
[3]1Y. Tian, et al., Appl. Phys. Express 16 (2023) 085001.

nanogap @ | nanogap ﬁ nanogap:
g : l, Gate Gate

: | Gate
™ Notch

Figure FESEM images of nanogap position by electromigration method without (a)(b) and with

notch structure on the lower gate electrode (c)(d).
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WFE % ALVz Si MOSFET B8 A#HF / #8:E D IEMIEFF il D 1% 5t
Study on Non-destructive Characterization of Embedded Nano-structure in Si MOSFET
Using Machine Learning
R B2 BEA, Fiadh !

RCIQE, Hokkaido Univ.}, “R. Lyu!and S. Kasai'

E-mail: renxiang.lyu.j8@elms.hokudai.ac.jp

FLHIT: T F AT I REEEHH LT 25T/ NTHWA MY 7 AN OFERCICLE R fE{H 700
kAL & LT Fex 13 SIMOSFET (27 / i & LD IA A, Z O ERRVFHEIC T/ i D FF8
KMLEE D FIEERFIL TV D, Bk, T30 2V 2 b—3 a3 U Tl T/ BEIREN G D
NTWBEN, BIERT TIIRENHETE TRV, KK E L CRERRIZRS W THIAR T/
HE DM ISR DN L TND T EMBZXLNDHD, BHOFFIZONTERMICT / & W
ifl 2 R AT U SR & ORI 2155 2 LIXAR S Tldlev, & 2 TARBIZE T, #TE 2 % H]
T 5 Z & TIMIEAITEROIAATE T/ HEEOIFREZ TG T 5 HEIZ OV THRGET LTz,

ik EEEHOIAAT SIMOSFET @ K LA V&t —EE (lps-Vos) FiEE A E LTHD
ANTEREE DGR & ) § 28 =7 VA L, il — BERMED HREE O TR LE &
Heim T 5, ARNE, 73 AV 2 L—F ZHWTHEE L7 los-Vos FetE 2 AT, 8E L7cT / HE
WEERHAET—% & L, #§H 2000 fHD ) — FEF2 2 @oliEM=2—7 /1% v b (RNN) ZHw
THEEEITo T, Him LIS R 2 £ 20 SOEET — 2 2 h &85, 287 MNEGED
TORTEEIX2RTE LT,

BREER . 032l —var LIeHMHEELHE LN los-Vos FilE% Fig. 11T T, HOIAATS
B—J /(& I3E D=100nm, /& H=50nm T& 5, 7 — MERLIEIZ 10nm, M oA EE
RbA U5 100nm Th 5, T/ HEEHIAAIZ LV Ips-Vos FEEN K E K EILT 20005,
FELIET M Lo THER S LI/ IiiE & i EREE % Fig. 2 [T, IBIRICEL ERRS
D DB O & 5 S ITTFFBL SN TI Y | los-Vos Kt & HLUA LA E O 1 A FERdE TG
TE D AREME R ST, —T7, M SAVICHEENLIEDY 60nm 1T E R LA N F TR D . RNN
BT NOFEREENEIZ 0 TIE RN E X bD, 4% RNN O/ — RO RE k. 78
T — X OHINERA D,

[1] T. Matsumoto et al., Sci. Rep. 4, 6142 (2014).

[2] T. Mitsuya et al., JJAP 63 03SP60 (2024).
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Fig. 1 (a) Simulated nano-convex-embedded Si MOSFET structure Fig. 2 Comparison between designed
and (b) obtained Ips-Vps curve. and inferred nano-convex structures.
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Ortho-para nuclear spin isomer fluctuation of a H20 molecule in H20@Ceo single molecule
transistors
H0@Co BE—RFrIVOREFDKAFDA IV - INFRAEVEEABIELSE
'RKEW -2/ EFHE - LB A4 0 0 X T LIERKAH, *RKIEH, SHILKE
B AL # PES BARRZS BIEE FHEERE 4. FILEERS, FIN—E 12
IS/INQIE, Univ. of Tokyo, 3SIMIT, CAS, “ICR, Kyoto Univ., > Phys. Dept., Tohoku Univ.
°Yue Tian!, Shaoqing Du?, Katsushi Hashimoto®, Yoshifumi Hashikawa®, Yasujiro Murata*, Yoshiro Hirayama>,
Kazuhiko Hirakawa'-?

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

The nuclear spin isomers of a H,O molecule in single H:O@Cso molecule, in which a single water molecule is
encapsulated within a Ceo fullerene cage, is attractive for its potential applications to quantum memory. In our
previous study, we performed tunneling spectroscopy measurements on H,O@Ceo single molecule transistors
(SMTs) and observed both para (p)- and ortho (0)-states in tunneling conductance spectra, which suggests that the
nuclear spin state of H atoms in the H,O molecule fluctuates quickly between the p-and o-states [1]. However,
systematic investigation on how this o-p fluctuation takes place is still missing.

We propose a “selection rule™ for the o-p conversion process in H-O@Cso SMTS. Figures 1(a), 1(c), and 1(e)
show energy diagrams, illustrating possible nuclear spin flip processes. The angular momentum of the system
consists of rotational excitation of the H>O molecule (J), spin of a conduction electron (S), and the nuclear spin (I).
During the tunneling process, total angular momentum F = [+J+S needs to be conserved. Figures 1(a), 1(c), and
1(e) respectively illustrate the interactions between I and S, between I and J, and of all 1, /, and S. Diagonal transition
paths generate different excited states that appear in the Coulomb stability diagrams, shown in Figures 1(b), (d),
and (f). Details will be discussed in the presentation.

References [1] S. Du et al., Nano Lett. 21, 24 (2021).
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Fig.1 Possible conversion processes between 0-H20 and p-H:0, involving (a) spin of a conduction electron, (c) rotational
excitation of H,O molecule, and (e) both electron spin and molecule rotation. The corresponding Coulomb stability

diagrams are shown in (b), (d), and (f).
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Design of new single-electron circuit to count number of electron tunneling occurrence

for expression of Prim’s algorithm on single-electron circuit
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©S. Ishiil, T. Oya!? (1 Grad. School Eng. Sci., Yokohama Nat’l Univ., 2 IMS, Yokohama Nat’l Univ.)
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Fig. 1. Circuit structure and sample operation of

single-electron memory.
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O Single-electron oscillator

|:| Single-electron memory

Fig. 2. Designed counting the number of electron
tunneling occurrence. “+” and “~” in each symbol
indicate polarity of bias voltage.
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Particle Computation [ZESHEEFRHES — FORBE L TOHEER

Performance improvements of single-electron logic gates inspired from particle computation
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Fig. 1 Single-electron PC circuits with single-
electron oscillators using multiple tunneling
junctions
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