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The Josephson junction is a nonlinear dissipationless device. These unique features make 

the junction the primitive building block of all superconducting qubits. The quantum nature of 

the macroscopic degree of freedom- the phase difference φ– can be measured
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The escape rate from the zero voltage state in a superconducting Josephson junction (JJ) is determined

by the temperature, but it saturates at low temperature due to macroscopic quantum tunneling (MQT).

Complications due to d-wave symmetry in a high temperature superconductor, like low energy quasi-

particles and an unconventional current-phase relation, may influence the escape rate. We report, for the

first time to our knowledge, the observation of MQT in a YBa2Cu3O7 grain boundary biepitaxial JJ.

This proves that dissipation can be significantly reduced by a proper junction configuration, which is of

significance for quantum coherence.
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Macroscopic quantum effects in superconducting junc-

tions are of great interest and demonstrate subtle and

relevant aspects of fundamental physics. Macroscopic

quantum tunneling (MQT) [1,2], energy level quantization

[3], and macroscopic quantum coherence [4,5] have been

investigated theoretically and verified experimentally in

Josephson junctions (JJs) employing low critical tempera-

ture superconductors (LTS). Advances in nano and film

deposition technologies have led to a major breakthrough

in the control and performance of JJs, which, together with

new ideas in quantum information, have led to the proposal

of Josephson junction systems as key structures for super-

conducting ‘‘qubits’’ [6]. This is a long term challenge.

More recently, the interest in superconducting quantum

devices has been extended to high critical temperature

superconductors (HTS) exploiting possible advantages of

d-wave order parameter symmetry for a ‘‘quiet’’ qubit [7].

A demonstration of quantum phenomena in HTS systems

could help to get novel insights into their nature and of the

materials themselves. Up to now a demonstration of MQT

in HTS and other unconventional superconductors has

been limited in the context of vortex creep phenomena

[8]. The d-wave order parameter symmetry and the con-

sequent ‘‘gaplesslike’’ superconductivity [9] may influence

the quantum properties to a large extent. The presence of

nodes in the excitation spectra, for instance, can enhance

dissipation mechanisms, compared to conventional LTS

junctions with a fully developed gap in all directions.

Beyond the presence of nodal quasiparticles [9], other

innovative aspects of Josephson dynamics can become

accessible in specific HTS junction configurations, as, for

instance, the role of Andreev bound states [10,11] and the

naturally doubly degenerate fundamental state. The last is

due to the presence of higher harmonics ( sin2’ ) in the

Josephson current-phase relation (CPR) induced by the

d-wave symmetry of the order parameter [12–14].

In this work we demonstrate, for the first time to our

knowledge, the existence of MQT of the superconductive

phase ’ in HTS YBa2Cu3O7 (YBCO) JJs. The experi-

ment has been designed (1) to show the quantum nature of

HTS JJs in conditions which favor a doubly degenerate

ground state and that, in the long run, may be considered

for qubits, and (2) to provide novel insights into dissipation

in HTS JJs through classical escape measurements. The

high quality of junctions plays a key role in this experi-

ment. We have fabricated highly hysteretic, tunnel-like

YBCO grain boundary JJs by exploiting the biepitaxial

technique. Junctions were formed at the interface between

a (103) YBCO film grown on a (110) SrTiO3 (STO) sub-

strate and a c-axis film deposited on a (110) CeO2 seed

layer. The relation between the crystallographic axes in the

two electrodes is shown in Fig. 1(c). The relative orienta-

tion of crystal axes can also be formally represented by a
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FIG. 1 (color online). (a) IV curve of a 4 m ( 0 ) junc-

tion measured at T 500 mK. (b) Dependence of the critical

current on the angle (see text) measured at T 4:2 K. The

dashed line indicates theoretical predictions for our biepitaxial

junctions [17]. (c) Sketch of the sample geometry. abc and a0b0c0

are the crystallographic orientations of the (001) YBCO and

(103) YBCO electrodes, respectively.
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tion measured at T 500 mK. (b) Dependence of the critical

current on the angle (see text) measured at T 4:2 K. The
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Hybrid ferromagnetic Josephson junctions

R. Caruso et al. JAP 2018

H. Ahmad et al. in preparation

R. Caruso et al. PRL 2019





Hybrid ferromagnetic Josephson junctions

R. Caruso et al. JAP 2018

H. Ahmad et al. in preparation

R. Caruso et al. PRL 2019
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Tunable

superconductivity: 

unconventional

superconducting ground

state, possible

topological states

LaAlO3/SrTiO3

D. Stornaiuolo et al. Nature Materials 2016

Doping of an oxide 2DES with EuTiO3

Tunable Josephson effect

LaAlO3/EuTiO3/SrTiO3

2DES based nano junctions

LAO
LAO

STO
STO

ETO

D. Stornaiuolo et al. PRB 2017

Engineering oxide 2DES



Electronic setup



Traveling wave

parametric amplifiers

A. Miano and O. Mukhanov, IEEE 2019
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Electronic setup



Low temperature setup

Dilution fridge

Kelvinox MX 400
Triton 400: base temperature 

10 mK and cryogen-free
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Hybrid Quantum Information Processing

Quantum Information is well transmitted by photons, better processed 

by superconducting circuits and efficiently stored with cold atoms



Hybrid Quantum Information Processing

Quantum Information is well transmitted by photons, better processed 

by superconducting circuits and efficiently stored with cold atoms

Unconventional Josephson

junctions give more possibilities

to quantum processors





Microwave resonator:

• Read-out of qubit states

• Multi-qubit quantum bus

Superconducting qubit:

• Josephson junction

• Nearly dissipationless → T1, T2 ∼ 100 𝛍s 



Circuit Quantum electrodynamics (CQED)

The idea is to weakly connect the two level system to a superconducting 

RF resonant cavity, expecting the qubit state to slightly perturb the overall 

resonating properties (being the qubit a resonator itself)

If the cavity frequency 𝜔𝑟 = 1/𝐿𝑅𝐶𝑅 is tuned far from 

energy transitions, an 𝜔 = 𝜔𝑟 photon will not cause 

transitions between states!

𝐿𝑟 𝐶𝑟

𝝎𝟎𝟏

𝐶𝐺

𝐶𝐺

Koch et. al “Charge-insensitive qubit design derived from the Cooper pair box”
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