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Figure 1 Structure and basic superconductivity of YBCO. (a) The structure of YBCO. It transforms from the tetragonal phase to the orthorhombic
phase when the oxygen content in the Cu-O chain exceeds half; (b) magnetic field (H)-temperature (7) phase diagram of optimal doped YBCO
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Table 1 Superconducting properties of optimal-doped YBCOQ!10-12:18.29-33]

Ikl T. ¢(0K) % (0K) He (0K) H (0K)

. ab 10~15 A 100~160 nm n/a 0.02T
L 932K

c 1060 nm 115T 0.11T

ab 16.6 A 180 nm 250 T n/a
A 92.1K

c 8 A n/a 120 T n/a

a) n/aFn B HERR EAE
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Figure 2 Preparation techniques of YBCO thin films. (a) Common substrate types and lattice matching. LSAT is the abbreviation of
Lay 15S10.82Aly59Tag 4103. (b) Principle of vapor deposition. The growth condition is set near the phase stability boundary of YBa,Cu;04 to enhance
crystallinity, and the optimal 7}, is achieved by increasing oxygen pressure and reducing temperature during annealing. (¢) A detwinning technique. On a
vicinal SrTiO; substrate with a single TiO, termination, the direction perpendicular to the step terrace becomes the preferred orientation of the a-axis of
the YBCO film. (d) A schematic diagram of PrBa,Cu;0,/YBCO/PrBa,Cu;0; superlattice grown on SrTiO; substrate
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Figure 3 Physical properties of YBCO. (a) Temperature (7') vs. doping (p) electronic phase diagram of YBCO. (b) Critical field (H,, H_,) vs. doping
(p) phase diagram of YBCO. H,, is from Ref. [29], and H_, is from Refs. [30,65]. (c) Phase stiffness (p,) vs. doping (p) phase diagram of YBCOM!. (d)
T, of YBCO ultrathin film as a function of film thickness (¢). The protective layer represents the amorphous YBCO-protected film grown on SrTiOs
substrate*”), the superlattice represents PrBa,Cu;0,/YBCO/ PrBa,Cu;0,%), LaA105*” and MgOM represent the single-layer YBCO films grown on
these two substrates, respectively. (¢) Comparison of microwave surface resistance (R,) of metal Cul® and YBCO within the (1, 100) GHz range. (f)
Doping (p) dependence of normal state resistivity (pn)[é4J and critical current density ( jc)““’7J of YBCO
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Figure 7 Josephson junctions and junction array devices prepared by the team of the Chinese Academy of Sciences. (a) At 77 K, the current
characteristic voltage of the current feature of the He-FIB junction can reach approximately 0.42 mV at present; (b) 2000 junction series chip; (¢) SEM
image of the enlarged Josephson junction bridge circuit; (d) the current-voltage curve of a single-channel 50 junction series in the 2000 junction
integrated chip (77 K); (e) single-channel (50 junction) series Shapiro step; (f) the current-voltage curve of the 2000 junction series (77 K)
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High-temperature superconducting (HTS) YBa,Cu;0;_s (YBCO) thin films and Josephson junctions are pivotal for both fundamental
research into HTS mechanisms and practical electronic devices operating at liquid nitrogen temperatures. This article provides a
comprehensive review of recent advances in the fabrication techniques, physical properties, and applications status of YBCO thin films
and Josephson junctions, describing the path from fundamental research toward technological implementation.

Substantial progress has been made in the growth of YBCO thin films. Advanced deposition methods, including pulsed laser deposition
(PLD), magnetron sputtering, and metal-organic chemical vapor deposition (MOCVD), have enabled the production of films with
enhanced superconducting properties over large areas. Critical parameters such as the superconducting transition temperature (7%),
critical current density (J;), and surface smoothness have seen continuous improvement. Through strategies such as substrate strain, the
use of buffer layers (e.g., CeO,), the construction of superlattices (e.g., PrBa,Cu;0,/YBCO), and annealing with active oxygen sources,
researchers can effectively suppress twinning rate, control oxygen doping homogeneity, and modulate electronic structures. These
capabilities are indispensable not only for probing fundamental phenomena like the pseudogap phase and charge density waves but also
for meeting the exacting material specifications required for high-performance devices. Nevertheless, challenges persist. The microwave
surface resistance (R;) of even the best films, while far superior to conventional metals, has not yet reached its theoretical minimum.

Great achievements have been realized in the fabrication of YBCO Josephson junctions, the fundamental building blocks of HTS
electronics. Superconducting quantum interference filters (SQIFs), comprising arrays of junctions, exhibiting an improved range of
single-valued and linear range of the magnetic field-voltage response, enable highly sensitive absolute magnetometry. The high-
temperature superconducting terahertz mixer utilizes the nonlinear current-voltage characteristics of the Josephson junction to achieve
frequency conversion of microwave/terahertz signals. Compared to other types, it has the potential for lower noise temperature and a
lighter cooling system. Series arrays of thousands of junctions are also being developed for a voltage standard through alternating current
Josephson effect. Furthermore, the phase-sensitive technique of YBCO untwinned thin films and Josephson junctions provides crucial
evidence for revealing the pairing symmetry of HTS materials.

The community has developed a variety of methods for preparing Josephson junctions, and each technique has its own unique
characteristics. Bi-crystal junctions, defined by a grain boundary on a specially prepared substrate, offer a relatively simple and
reproducible structure. Step-edge junctions, created by depositing YBCO over a lithographically defined substrate step, provide good
design flexibility for individual devices. A step-edge SNS junction is formed by depositing metal on the steeper steps, as the junction
region contracts with grain boundaries. Inclined-edge junctions have excellent stability and anti-interference capabilities with top
electrodes. In particular, the emergence of focused helium ion beam (He-FIB) technology represents a breakthrough. This direct-write
technique with a high degree of freedom utilizes a sub-nanometer helium ion probe to locally modify the oxygen content or crystal
structure, creating a tunable barrier within the range limited by the superconducting coherence length. Its greatest strength lies in enabling
the fabrication of large-scale, dense arrays of junctions with complex geometries, a capability important for integrated devices.

Despite these promising developments, critical challenges should be addressed to achieve industrialization and commercialization. For
junction arrays, the statistical scatters in key parameters like critical current (/.) and normal resistance (R,) need further optimization for
device stability and reproducibility. Future progress depends on a co-optimization strategy: advancing film growth to achieve outstanding
and homogeneous superconducting performance and perfect surface flatness; minimizing damage and improving uniformity in
nanofabrication processes of junctions; establishing microstructure-function relationships to guide empirical optimization with physical
insight.

high-temperature superconductivity, YBCO, thin film, Josephson junction, electronics device, focused helium ion
beam

doi: 10.1360/CSB-2025-5615

21


emailto:fucong@iphy.ac.cn
emailto:risingsunwx@iphy.ac.cn
https://doi.org/10.1360/CSB-2025-5615

	钇钡铜氧薄膜与约瑟夫森结研究进展
	1薄膜物理与应用
	1.1基本物性
	1.2薄膜制备技术
	1.3YBCO薄膜物性近期研究进展
	1.4中国科学院物理研究所与松山湖材料实验室联合团队的YBCO薄膜研制进展

	2约瑟夫森结制备与应用
	2.1约瑟夫森结基本原理
	2.2约瑟夫森结器件应用
	2.2.1高温超导量子干涉器件
	2.2.2高温超导太赫兹混频器
	2.2.3电压基准

	2.3约瑟夫森结制备
	2.3.1双晶结
	2.3.2台阶结
	2.3.3台阶SNS结
	2.3.4斜边结
	2.3.5聚焦He离子束技术


	3总结与展望

	Research progress on YBa2Cu3O7–δ thin films and Josephson junctions

