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Evidence for Superconducting Artificial Atom
Yong-Joo DOH

This year’s Nobel Prize in Physics was awarded for the ex-
perimental demonstration of macroscopic quantum tunneling
and energy quantization of the phase particle defined in a
Josephson junction. This groundbreaking work extended
quantum mechanics beyond microscopic systems into the
macroscopic realm. By revealing that Josephson junctions
could function as superconducting artificial atoms, the dis-
covery enabled researchers to engineer and control quantum
states with unprecedented precision, thereby providing a cru-
cial foundation for the subsequent development of super-

conducting quantum computers.
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Fig. 1. (a) Schematic of a Josephson junction comprising superconducting top and base electrodes separated by an insulating barrier. (b)

Equivalent circuit of the Josephson junction described by the resistively and capacitively shunted junction (RCSJ) model.
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Fig. 2. (a) Schematic current-voltage characteristics of a Josephson junction, with arrows indicating different bias currents. (b) Tilted washboard
potential for the junction phase at several bias currents.
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Fig. 3. (a) Enlarged view of a single well of the tilted washboard potential, where I" denotes the escape rate of the phase particle via
thermal activation (TA) or macroscopic quantum tunneling (MQT). (b) Temperature dependence of the escape rates I'1a (red line) and Iuqr
(blue line); The dotted line highlights the dominant escape mechanism at each temperature.
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Fig. 4. (a) Escape temperature as a function of bath temperature for two different critical currents, adapted from Ref. [7]. (b) Normalized

change in escape rate, [I"(P)-
transitions between quantized energy levels, adapted from Ref. [8].

o, B 2% 0% 2O A0 LES WEW ol
gdol] ot gE0] AR Aem dAFd & Q. 53]
ZFAE VS dRM BlEE S AAA FAE B'E ™ (macroscopic
quantum tunneling, MQT)o|g} &
AP =RE HEks 5_@_1,:_7;4] H=2o] QAkxle] 2]
s Rolel, A0 2717k §4 4 volamnlEol
slo} 2 ejuleo] ol=27] wEol.

MC d7gel e Y Ul A Gt e
(MQT) @S HE2 A9 BEa whEe he) 2okl
ULBENb) & ga{Pbln) ZHER 1] oozl
& RS, SR el AR-HY
3] ¥k F4ste] oA AREE —“‘371]&
of A ARG B2AE APt A wekR]
et Fks WAIAZ 9] Hiojoia 7‘4%‘01] OH Qe wet
A A HE%}A AR BE FAHoRRE AE Y o
H]E{escape rate) ZAIS Hojd 4 glom, o]E
2/t mo] o|2F o Fd Hlust] EF 25(Tew)
2SN 9 7195 38 4@l o
1K Alo]e] &5 %Lﬂoﬂfﬂb 3571l
=A% Wz Lx(7)2h e
S57h vk AR g 7}7: t}. ol o]
Zié A e 2F wlgo] wHA I
2 m27] wiZoloh 50 mK ofske] SA12
57} Wzb e} 2 Zgrom ¥ahEl

o= MQT o] o Fa Ax|g. o,
o] AA| %71 50 mK ols}

A B3E de 5 Wl W
AEstaxt ofF APE 7tst
T Zost ARS 2ol

9% 257k 20 mKsbR Wby

O]EL‘ =
T

FRE

@
L
o

e o> i 2o

M J
l:‘lo

M

Hlg 34

ﬁ oE oR

I'(0)]/I°(0), versus bias current, where arrows mark resonance positions. Inset illustrates the corresponding

2 selgown oy ool o mAE NG & Ak
o= ANE TS e YRl Pt HEY Bl ¥
WEe HEHOR Hx YF STolgik

2 YO BolEs 8 W g 92w
Qo] Nl s & A4 2 I S Lol

#8 Yrtel ORI riHenergy quantizationsh
3 7R 227 o] IS $Is) MDC APEe ofF
oM 2 GHz AE4E 2t nlolazske QA oAl
ROl BA BE 532 =Sk oxt 9B uRe gxt
sl ol 1200l slolzil ofileh Ul i of
URl Aol QUE e 1 R e oux] ez A
ofshA @ ROl 4() BH). o BS olulx] | ¥
ol AURTH BN Wollil Y EHx FolSol, A
o} Edeel] ost wF ulgo] Wi UK Aow dlge
Rtk MDC @Fge HlolaEstE te 29 98 vl
& TP dlolazsp} gie de] g% g 10 4 2
3 3% 4ol Hol ol o] B ulg w=g %73_6}2%
o} ol wlolols ARE FMAIIIA, wWeiw Wl 7
GO B 2] Fe AN, B SE U
RIS x| ZHAE Foleir, o W x| 14
o 2 GHzoll YT wlch EAE SI Wxke] it et

g =2 ouix|2 Hol(transition)slHA] EF vlgo] FEH
REFERENCES

[7]1 M. H. Devoret, J. M. Martinis and J. Clarke, Measurements of
Macroscopic Quantum Tunneling from the Zero-Voltage State
of a Current-Biased Josephson Junction, Phys. Rev. Lett. 55,
1908 (1985).

[8] J. M. Martinis, M. H. Devoret and J. Clarke, Experimental Tests
for the Quantum Behavior of a Macroscopic Degree of
Freedom: The Phase Difference Across a Josephson Junction,
Phys. Rev. Lett. 55, 1543 (1985).



;9
n\o
>
Ql
)
9
v
P
o
o%?
-IF
__qt_“

AR}
Esigt.

Sa|s ojjet ik At

AR} ZHe 718 RISl EHddo} ARl L& U oY
A FRER= 71E GRF GetolM & gl fAelich MDC

A7Hel Ave Fue BIAY o2 Ae 4 g U

Z AMACIME wAERD SSfAlRIMeL FLT FAF EET
9 oUx] xlst dAfo] HMpEkS AlFXog FE UZEl
o ol GRSt AHE HeAE A Y Hld F
2% 224 oulg gtk © Yot olge] G Aike %)
2ol ARE o] 220 ZRE YA AH 7|&2 ool

S S Sl dench FE WY A TR 2

10

BHomA 9 $20) wde oix Fas
% Aol 4+ A HYw, 22 2 WU
%]_X]—(superconductlng artificial atom)=2 -85t
o Fushl Hg] uholck® MDC @ ge] ¢
%, GRIER ollux] ZelE olgsto] dite sk
R D] T 710l 44 SRSRT ik 24
FRske AX AR =gsl =gk ol T &
AeME B3 4 N 71EH] FlRolch

A

[e}

R

ol
Ir ko

b b{'
50

o]
-+
iy
i)

N
O My ol

0

ot ml
FX'
%, (A
ki

oL
o

g

=

= S+ ¥ H HY

et

SollM =41 el MQT @78 s F= HikslolH
1‘—_[]1: ZNE RS Edf stk s 7ek =2AS A
ol MQT % ouix] e} ddg AA Hx= D=1

om P slze] matyg me axjel gel 27} ohd Aol
E HgoR MQT @42 Aeld 4 942 ke wgekd
p=]
=

1% vhed] thedl 9 T Sl

[e]

HEIHE FAR MOT S40] vehdg Slsigiek!™
2~

Eay
. h=
ol hestoluge 28 HRE X4

g Fuskn, Pi AFY UGS SIe 7N J1é T A
e OS2I ¢ A RO sl
REFERENCES

[9] J. Clarke et a/, Quantum mechanics of a macroscopic varia-
ble: The phase difference of a Josephson junction, Science
239, 992 (1988).

[10] Y. Nakamura, Yu. A. Pashkin and J. S. Tsai, Coherent control
of macroscopic quantum states in a single-Cooper-pair box,
Nature 398, 786 (1999); A. Wallraff et a/, Circuit Quantum
Electrodynamics: Coherent Coupling of a Single Photon to a
Cooper Pair Box, Nature 431, 162 (2004).

[11] F. Arute et a/, Quantum supremacy using a programmable
superconducting processor, Nature 574, 505 (2019).

[12] G.-H. Lee et al, Electrically Tunable Macroscopic Quantum
Tunneling in a Graphene-Based Josephson Junction, Phys.
Rev. Lett. 107, 146605 (2011).

[13] J.-H. Choi et al, Complete gate control of supercurrent in
graphene p-n junctions, Nat. Commun. 4, 2525 (2013).

[14] B.-K. Kim et al.,, Strong Superconducting Proximity Effects in
PbS Semiconductor Nanowires, ACS Nano 11, 221 (2017); J.
Kim et al., Macroscopic quantum tunneling in superconduct-
ing junctions of B-Ag,Se topological insulator nanowire,
Nano Lett. 17, 6997 (2017).

[15] Y. Chong and J. Joo, Superconducting Quantum Computer,
Phys. High Technol. 28(3), 12 (2019).

=2/stt HH7|= DECEMBER 2025

R o

A

.

A



